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Hepatitis C virus (HCV) represents one of the most impor-
tant causes of chronic active liver disease worldwide, poten-
tially resulting in cirrhosis, and hepatocellular carcinoma.

HCV is mainly characterized by two major immunologic
fingerprints, namely, escape of immune response in more
than 80% of infected patients and production of autoanti-
bodies in almost half of them.

Within the infected host, HCV exists as a quasispecies or
a flock of related viral sequences. HCV can evolve rapidly
as its replicative cycle yields 1012 HCV particles per day in
the liver, whereas in the serum the newly produced viral
particles have an estimated halflife of about 3 hours. This
high rate of virus production coupled with the lack of
proofreading capacity of the HCV’s NS5B RNA-dependent
RNA polymerase lead to its rapid evolution and escape
from immune recognition in each host. In addition, HCV
profoundly deranges the functions of immune system. It
deregulates both innate and adaptive antiviral response. It
has been shown that HCV-encoded proteins subvert type
I interferon (IFN) receptor signal transduction and the
function of downstream IFN effector pathway. The virus
decreases the ability of NK cells to promote dendritic cell
maturation modifying antigen presentation and production
of soluble mediators including IL-10 and IL-12. Resolution
of HCV infection is mainly dependent on adaptive immunity
and is associated with a robust and sustained specific T-cell
response targeting multiple epitopes and intrahepatic IFN-γ
production. Defective CD4+ T cells in both acute and chronic
HCV infection lead to CD8+ T-cell exhaustion.

While HCV evolves under immunological pressure,
the cellular immune response remains focused on viral

sequences encountered early in the course of the infection.
Indeed, humoral immune response seems more flexible in
that the continued emergence of new antibody specificities
sharply contrasts with the static T-cell response. Indubitable,
interaction of HCV with B cells may promote favourable
conditions for lymphocyte proliferation. Viral replicative
intermediary was found in the B cell from patients with
mixed cryoglobulinemia (MC), whereas no traces of HCV
productive particles were demonstrable in HCV-infected
individuals without cryoglobulin production, supporting the
notion that HCV is not a genuine lymphotropic virus,
but its entry and replication are largely dependent on host
selective interactions. HCV binding to BCR triggers both the
initiation of signaling cascade and internalization of the BCR
and bound antigen into the cell. These interactions result in
in vivo polyclonal activation and expansions of CD19+ CD5+

cells.
Extrahepatic disease manifestations, which include

autoimmune phenomena and frank autoimmune and/or
rheumatic diseases, may complicate the clinical features of
chronic HCV infection and sometimes dominate its course
in almost half of chronic HCV carriers. Possibly, progression
to frank B-cell lymphoid malignancy may also be superposed
as additional stochastic oncogenic event. However, there are
many dark areas in the comprehension of several aspects of
their pathogenetic mechanisms. The nature of the process
during which B cells expand with preferential involvement
of rheumatoid factor- (RF-) producing B cells is undefined.
Whether B-cell clonal expansion of a particular specificity
occurs as a result of distinct selection is not clear. The process
of B-cell clonal expansion occurring in an environment
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favourable to the immortalization of one specific clone must
be clarified. Predisposing factors for transforming events
must be identified.

Against this background, it was felt that times were
ripe to produce a state-of-the-art survey of the multifaceted
pictures of HCV-related immune disorders. This special issue
is therefore devoted to expand our knowledge on the features
and mechanisms underlying the relationship between B-
cell immune response and extrahepatic manifestations of
chronic HCV infection. It comprises 16 review articles and
1 clinical study.

The paper by T. Himoto and T. Masaki is a general
overview on HCV-related extrahepatic manifestations
including cryoglobulinemia, Sjögren’s syndrome, autoim-
mune thyroid disease, lichen planus, CREST syndrome,
IFN-induced autoimmunity, and autoimmune cytopenia.
Few data are available on this topic in children. The paper
by G. Indolfi et al. deals with the clinical significance of
non-organ specific autoantibodies in the course of paediatric
chronic hepatitis C. Subclinical hypothyroidism and mem-
branoproliferative glomerulonephritis have been described.

Dysregulation of the cytokine/chemokine network,
involving proinflammatory and Th1 chemokines, is
addressed by P. Fallahi et al. Both the humoral and viral
counterparts at the basis of cryoglobulins production in
HCV-induced type II MC, with particular attention to the
most frequently involved single IgV subfamilies have been
analyzed by G. Sautto et al. Neurological complications that
occur in a large number of patients and range from periph-
eral neuropathy to cognitive impairment are discussed by S.
Monaco et al. Autoimmune thrombocytopenia is a frequent
complication of HCV chronic infection. D. Dimitroulis
et al. estimated the epidemiological characteristics of the
disease and discussed the potential treatment strategies.
Extrahepatic manifestations of HCV infection include a
multitude of disease processes affecting the small vessels,
skin, kidneys, salivary gland, eyes, thyroid, and immunologic
system. The majority of these conditions are thought to
be immune-mediated. H. M. Ko et al. highlighted the
histomorphologic features of these pathologic conditions.
G. Lauletta et al. described epidemiological, clinical, and
pathogenetic mechanisms underlying the cryoglobulinemic
vasculitis. In MC, consumption of complement component
4 may be due to activation of complement cascade. Potential
activators include monoclonal IgM-RF, IgG antibodies, and
the complexing of the two in the cold, perhaps modulated by
the rheology and stoichiometry of cryocomplexes in specific
microcirculations. P. D. Gorevic elucidated the role of the RF
and the complement in the vessel damage.

The association between HCV infection and B-cell non-
Hodgkin’s lymphomas has led to search for molecular
signatures capable of predicting patients’ characteristics. V.
De Re et al. underscored that HCV-related lymphomas are
subject to specific deregulation induced by the virus. Epi-
demiology and mechanisms of HCV-induced lymphoprolif-
eration have been elucidated by F. Forghieri et al. Different
biological mechanisms, namely, chronic antigen stimulation,
high-affinity interaction between HCV-E2 protein and its
cellular receptors, direct HCV infection of B cells, and

“hit and run” transforming events, may cooperate in a
multifactorial model of HCV-associated lymphomagenesis.
A comprehensive review of molecular mechanisms involved
in HCV-related lymphomagenesis has been resumed by A. L.
Zignego et al. It is concluded that HCV lymphomagenesis
is a complex, multistep, multifactorial process. L. Arcaini
et al. illustrated the relationship between HCV infection
and different subtypes of indolent B-cell lymphomas. They
summarized the data from the therapeutic studies reporting
the use of antiviral treatment as hematological therapy. L.
Chiche et al. provided an updated overview on the place
of immunotherapy, especially biologics, in the management
of HCV-induced cryoglobulinaemic vasculitis. Rituximab
has been used to treat oncohaematological diseases, B-
cell-related autoimmune diseases, rheumatoid arthritis, and,
more recently, HCV-associated mixed cryoglobulinaemic
vasculitis. E. Sagnelli et al. discussed rituximab-based treat-
ment and conclude that this drug is capable of enhancing
HCV replication with potential liver failure. Y. Kishida
et al. explored the hypothesis that an induction approach
with nIFN-beta followed by PEG-IFN-alpha plus ribavirin
would increase the initial virologic response in chronic
hepatitis C. They concluded that this combined therapeutic
scheme results in high rate of sustained virologic response
and improvement of innate and adaptive immunity. F.
Bellanti et al. accomplished an overview about the biological
activity and clinical applications of interferon lambda 3,
summarizing the available data on its impact on HCV
infection. The potential usefulness of this type of interferon
in the treatment of HCV infection has been also discussed.

Domenico Sansonno
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Patients with chronic hepatitis C virus (HCV) infection frequently have many extrahepatic manifestations, as persistent HCV
infection often triggers lymphoproliferative disorders and metabolic abnormalities. These manifestations primarily include auto-
immune disorders such as cryoglobulinemia, Sjögren’s syndrome, and autoimmune thyroid disorders. It has been well established
that chronic HCV infection plays important roles in the production of non-organ-specific autoantibodies, including antinuclear
antibodies and smooth muscle antibodies, and organ-specific autoantibodies such as thyroid autoantibodies. However, the clinical
significance of autoantibodies associated with the extrahepatic manifestations caused by HCV infection has not been fully recog-
nized. In this paper, we mainly focus on the relationship between extrahepatic manifestations and the emergence of autoantibodies
in patients with HCV infection and discuss the clinical relevance of the autoantibodies in the extrahepatic disorders.

1. Introduction

Persistent hepatitis C virus (HCV) infection has been well
characterized as having a preferential evolution which often
evokes lymphoproliferative disorders [1] and metabolic
abnormalities [2]. Therefore, patients with chronic HCV
infection frequently develop extrahepatic manifestations [3–
5]. Previous studies have revealed that 38–76% of patients
with chronic HCV infection develop at least one extrahep-
atic manifestation [6–8]. These extrahepatic manifestations
mainly include autoimmune disorders such as mixed cryo-
globulinemia, Sjögren’s syndrome, and thyroid autoimmune
disorders.

On the other hand, persistent HCV infection is responsi-
ble for the production of a variety of autoantibodies includ-
ing non-organ-specific autoantibodies and organ-specific
autoantibodies, as a virus-induced autoimmune pheno-
menon. The diversity of autoantibodies in the sera of patients
with HCV-related chronic liver disease (CLD) [9–13] has
been shown. Some autoantibodies in chronic HCV infection

have biochemical, histological, or genetic characteristics,
while other autoantibodies may predict the response to anti-
viral treatments, concomitant disorders, or prognosis in
patients with HCV-related CLD [14].

Various mechanisms for the production of autoantibod-
ies in patients with HCV-related CLD have been proposed.
Molecular mimicry between a component of a virus and a
“self” protein may account for the production of autoanti-
bodies in chronic HCV infection [15]. A sequence homology
between the HCV polyprotein and cytochrome p450 2D6
(CYP 2D6), which was identified as the antigenic target of
antibodies to liver-kidney microsome type 1 (anti-LKM1),
was previously reported [16]. The reactivity against the
viral protein induces the production of anti-LKM1 in HCV-
related CLD. Polyclonal B-cell activation by persistent HCV
infection has been proposed as another mechanism for the
production of autoantibodies [17]. B-cell proliferation seems
to be essential for the development of autoimmune disorders
including Sjögren’s syndrome and mixed cryoglobulinemia
(MC). Genetic predisposition is also strongly related to
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the presence of autoantibodies in chronic HCV infec-
tion [18]. The susceptibility to develop non-organ specific
autoantibodies (NOSA) appears to be restricted to a specific
human leukocyte antigen (HLA) in patients with HCV
infection [19].

The presence of NOSA including antinuclear antibodies
(ANAs) and smooth muscle antibodies (SMAs) is associated
with the severity of necroinflammation and fibrosis in the
liver of patients with HCV-related CLD [20–24]. It is notable
that the titers of these autoantibodies seem to be independent
of HCV genotypes or loads of HCV-RNA [21–25]. The
emergence of these autoantibodies did not affect antiviral
treatments. [23]. However, we have to exclude concomitant
autoimmune hepatitis (AIH) from patients with HCV infec-
tion seropositive for NOSA, because antiviral treatment
occasionally exacerbates AIH in those patients [26].

The clinical significance of autoantibodies in the extra-
hepatic manifestations caused by HCV infection has been
rarely discussed. This paper highlights the aspects of autoan-
tibodies in extrahepatic manifestations by HCV infection
and elucidates their clinical and therapeutic implications.

2. Extrahepatic Manifestations and
Their Associated Autoantibodies

2.1. Cryoglobulinemia. Cryoglobulinemia is one of the most
common extrahepatic diseases in patients with HCV infec-
tion and is detected in 19–54% of those patients [8, 27–30].
Cryoglobulins are immunochemically classified into three
types according to the method by Brouet and his colleagues
[31]. Type I cryoglobulins are composed of a monoclonal
immunoglobulin and are often associated with hematolog-
ical disease. Type II cryoglobulins are immune complexes
consisting of polyclonal IgG with monoclonal rheumatoid
factor (RF) activity, while type III cryoglobulins are char-
acterized by polyclonal IgG with polyclonal RF. Therefore,
type II and type III cryoglobulins are referred to mixed
cryoglobulins. Persistent HCV infection is strongly associ-
ated with types II and III mixed cryoglobulinemia (MC) and
occasionally associated with type I cryoglobulinemia. Cry-
oprecipitates contain HCV core proteins, IgG molecules
with specific anticore activities, and IgM molecules with
RF activities. C1q proteins and C1q binding activity were
enriched in this immune complex [32], and were related to
the wide expression of C1q receptor on the surface of blood
cells and endothelial cells [33–35].

MC secondary to HCV infection often involves other
organ systems in, for example, cutaneous manifestations,
peripheral neuropathy, and glomerular disease [1, 36, 37].
There are interesting issues in the relationship between the
emergence of cryoglobulin and more advanced hepatic
fibrosis in patients with chronic HCV infection [27, 30, 38,
39]. However, all patients with HCV-related MC do not
suffer from these involvements [8, 25, 30]. Overt vasculitis
is observed in only 2-3% of patients with HCV-related MC
[7, 40, 41]. The circumstances predisposing HCV-infected
patients to develop these manifestations remain obscure.

It is noteworthy that cryoglobulins are usually found at
low concentrations in patients with chronic HCV infection
[25, 28, 29]. Patients with HCV-related cryoglogulinemic
vasculitis had higher cryocrit levels than those without vas-
culitis [42]. Patients with cryoglobulinemic vasculitis had
clinical characteristics of female-predominance, older age
and longer disease duration [42]. The natural history and
prognosis of cryoglobulinemic vasculitis was highly depen-
dent on renal involvement or the severity of vasculitis lesion.

The precise mechanism by which HCV infection involves
MC has not been well established. However, one hypothesis
of a possible role played by HCV in polyclonal B-cell res-
ponse has been proposed as follows: HCV has a strong affin-
ity to the tetraspanin (CD81) ligand on the surface of B lym-
phocytes via the E2 protein (the second proportion of the
HCV envelope) [43]. CD81 forms a costimulatory complex
with CD19 and CD21 [44]. The ligation of CD81 on B cells
results in the activation of this complex, which lowers the
antigen threshold necessary for antibody production and
eventually causes the formation of cryoglobulins [33]. The
cryoglobulins initially produced are polyclonal IgG (type III
MC), but as a dominat B-cell clone emerges, it may produce
monoclonal immunoglobulins (type II MC) [9].

On the other hand, B-cell-activating factor (BAFF), a
member of the tumor necrosis factor-alpha (TNF-α) family
that plays crucial roles in B-cell differentiation, survival, and
immunoglobulin secretion, is considered to be associated
with the development of autoimmune disorders [45]. The
elevation of serum BAFF levels was observed in patients
with HCV-related lymphoproliferative disorders [46, 47]
which represents a link between infection and autoimmunity.
Quantitative decrease in regulatory T cells may be involved in
patients with HCV-related MC [48].

Serological hallmarks reflecting autoimmunity in
patients with HCV-related MC have been fully recognized.
Table 1 summarizes the clinical characteristics of auto-
antibodies in patients with HCV-related MC. Non-organ-
specific autoantibodies including ANA and SMA have been
observed in 12–65% [8, 29, 36, 49–52] and 33–37% [8, 53] of
patients with HCV-related MC, respectively. It is noteworthy
that the immunofluorescence pattern of ANA on HEp-2
cells in HCV-related MC was speckled [47, 51]. Rheumatoid
factor (RF), which recognizes the Fc portion of IgG mole-
cules as their antigens, often appears in sera of patients with
HCV-related MC, at frequencies of 14 to 99% of those
patients [30, 36, 49, 52, 54, 55]. However, the titers of ANA
and RF in sera of HCV-related MC were less than 1 : 80
and 50 UI/mL, respectively [51], which appeared to be low.
Antineutrophil cytoplasmic antibodies (ANCAs), which are
divided into two groups by immunofluorescence patterns:
pANCA and cANCA [56], are also present in the sera of
patients with HCV-related MC [8, 57, 58]. However, the
occurrence of these autoantibodies was not necessarily
related to HCV-related cryoglobulinemic vasculitis [57].

Some types of autoantibodies are available for predictive
markers of HCV-related MC. The presence of circulating
autoantibodies to C-reactive protein antibodies (anti-CRP),
which are directed against monomeric CRP [64], was depen-
dent on HCV-related MC [59, 60]. In addition, antibodies
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Table 1: Autoantibodies detected in sera of patients with HCV-related MC.

Autoantibodies Frequency (%) Clinical significance References

ANA 12–65%
Low titer

[8, 30, 37, 49–52]
Speckled pattern on HEp-2 cells

SMA 33–37% Low titer [8, 53]

RF 14–99% Low titer [30, 37, 49, 52, 54, 55]

ANCA (pANCA, cANCA) 4–26% No association with vasculitis [57, 58]

Anti-CRP 75% Predictive marker of cryoglobulinemia [59, 60]

Anti-C1q 39% Predictive marker of type III cryoglobulinemia [61]

AECA 50% Predictive marker of vasculitis [62]

Anti-GM1 ganglioside antisulfatide 52% Predictive marker of peripheral neuropathy [63]

to C1q, which is closely associated with immune complex
diseases including hypocomplementaemic urticarial vas-
culitis and systemic lupus erythematosus (SLE) [65], was
detected in 38% of patients with chronic HCV infection [66],
implying that the emergence of anti-C1q represented con-
current cryoglobulinemic vasculitis. However, Saadoun and
his colleagues revealed that anti-C1q was not associated with
cryoglobulinemic vasculitis, but indicated the susceptibility
to type III MC in those patients [61].

Other types of autoantibodies are closely linked to the
organ involvements in patients with HCV-related MC. Posi-
tivity for RF seems to reflect the development of cutaneous
vasculitis in patients with HCV-related MC. Karisberg
and his colleagues demonstrated that all HCV-related MC
patients with cutaneous vasculitis had RF and liver involve-
ment [67]. The detection of Type II cryoglobulins containing
RF (type II-RF) appeared to monitor cryoglobulinemic vas-
culitis in those patients [68]. IgMκRF was strongly associated
with membranoproliferative glomerulonephritis (MPGN) in
type II MC [69]. On the other hand, a recent study reported
by Knight and his colleagues elucidated that the monoclocal
RFs that bear the WA cross-idiotype are responsible for vas-
culitis in patients with HCV-related MC [70].

Antiendothelial cell autoantibodies (AECAs) were
recently identified as a serum parameter for an autoantibody
against a variety of antigen determinations on endothelial
cells and their titers represented the activity of vasculitis [71].
Cacoub and his colleague revealed that AECA was present
in 50% of patients with HCV-related MC and that sero-
positivity for AECA was associated with the prevalence of
vasculitis and serum cryoglobulin levels in those patients
[62]. However, the authors did not describe the correlation
between the AECA titers and the activity of vasculitis. Eleva-
ted soluble vascular cell adhesion molecule-1 (VCAM-1)
was likely to contribute to the involvement of vasculitis
in HCV-related MC. Therefore, AECA-induced activation
of endothelial cells may initiate an upregulation in the
expression of endothelial adhesion molecule.

The analysis of antineuroual antibodies [72] including
anti-ganglioside GM1 and anti-sulfatide antibodies was per-
formed using the sera of HCV-related MC [63]. The asso-
ciation between those titers and the involvement of the
peripheral nervous system was apparent in patients with
HCV-related MC.

Genetic susceptibilities may be related to the develop-
ment of MC in patients with chronic HCV infection. HLA
DRB1∗11 (DR11) was found to predict cryoglobulinemic
vasculitis in patients with HCV infection, whereas HLA DR7
seemed to protect from the development of type II MC
[73, 74].

2.2. Sjögren’s Syndrome. Sjögren’s syndrome (SS) is another
common extrahepatic manifestation caused by HCV infec-
tion. 6–26% of patients with chronic HCV infection com-
plain of sicca syndrome (xerostomia and/or xerophthalmia)
[6–8, 33, 75, 76]. The pathogenesis of HCV-associated SS is
not well established. The virus is unlikely to have a direct
effect, because HCV has not been proven in glandular tissue
[77, 78]. The proposed mechanism includes cross-reactivity
between the HCV envelope and host salivary tissue or
HCV envelope-mediated salivary glands. Koike and his col-
leagues elucidated the resemblance of salivary lesions from a
transgenic model overexpressing the HCV envelope protein
[79].

SS secondary to HCV infection can be distinguished, to
some extent, from primary SS by analyzing several types of
autoantibodies (Table 2). The seropositivities for antibodies
to SS-A/Ro and to SS-B/La are much lower in HCV-asso-
ciated SS than those in primary SS patients [75, 80]. The
prevalences of cryoglobulin and RF were higher in the sera
of patients with HCV-associated SS than in those of primary
SS patients [75, 80, 81]. It is of interest that the coexistence
of cryoglobulinemia in HCV-related SS may favor the
development of lymphoproliferative diseases including B-cell
NHL [82]. There has been recent discussions on the rele-
vance of antibodies to alpha-fodrin in patients with HCV-
related SS seronegative for antibodies to SS-A/Ro [83].

Apart from the antibody status, HCV-related SS has
several clinical characteristics distinct from primary SS. Bio-
chemical analysis revealed a higher frequency of hypocom-
plementemia in HCV-SS than primary SS [80, 84]. The
imbalance of Th1/Th2, namely, poor Th1 response and
enhanced Th2 response, was apparent in HCV-related SS
[80]. A recent study revealed that the detection of monoclo-
nal gammopathy (IgMκ) might help to distinguish HCV-
related SS from primary SS [85]. De Vita and his colleagues
documented higher prevalence of monoclonal gammopathy
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Table 2: Comparisons of immunological and histological findings between primary SS and HCV-related SS.

Variable Primary SS HCV-related SS

Autoantibodies High frequency of ANA, anti-Ro, and anti-La Low frequency of ANA, anti-Ro, and anti-La

Cryoglobulin Rare Common

Hypocomplementemia Rare Common

Lymphocytic capillaritis Moderate to severe Mild to moderate

Th1/Th2 balance Th1 predominant Th2 predominant

Monoclonal gammopathy Low High

Association of HLA DR-3 High Low

in HCV-related SS than that in primary SS [86]. Histological
examination of the salivary gland in HCV-related SS showed
milder pericapillary and nonpericanalary lymphocytic infil-
tration than primary SS [87]. The prevalence of liver invol-
vement was far higher in HCV-related SS than in primary SS
[84].

Patients with the HLA haplotype of HLA DQB1∗02 had a
susceptibility to the development of HCV-related SS [88]. On
the other hand, the prevalence of HLA DR 3 [89], a haplotype
specific to primary SS, was far lower in patients with HCV-
related SS [75].

2.3. Autoimmune Thyroid Disease. Thyroid disorders are
common in patients with chronic HCV infection. Approx-
imately 10–25% of patients with persistent HCV infec-
tion have thyroid autoantibodies, including thyroid micro-
some autoantibodies (TMAs), thyroglobulin autoantibodies
(TGAs), and antibodies to thyroid peroxidase autoantibodies
(anti-TPO), regardless of the liver involvement severity [90–
92]. TMAs are frequently useful to detect latent autoimmune
thyroiditis in patients with CH-C prior to antiviral treatment
[91]. The presence of TMAs also may predict thyroid dys-
function including hyperthyroidism and hypothyroidism
[93]. Therefore, the detection of these thyroid autoantibodies
is considered useful for the clinical diagnosis of concurrent
autoimmune thyroid diseases in patients with HCV infec-
tion. However, HCV-associated thyroid disorders cannot be
distinguished from primary thyroid disorder by the existence
of these thyroid autoantibodies. The possible role of HCV
in the development of thyroid disorders has not been fully
understood.

HCV-related thyroid disorders include Graves’ disease
and Hashimoto’s thyroiditis induced by interferon (IFN)
treatment [94, 95]. The discovery of anti-TPO at base-line
may be regarded as a predictive factor for IFN-induced
thyroid autoimmunity in patients with CH-C. A strong
correlation between thyroid disorders and the presence of
anti-LKM1 at base-line in patients with chronic hepatitis
C was also observed [96, 97]. HCV poly protein, CYP2D6
and thyroperoxidase are likely to share epitopes encoding
homologous amino acid sequences [97]. Therefore, seropos-
itivity for anti-LKM1 is a susceptibity factor for IFN-induced
autoimmune thyroid disorders in patients with HCV-related
CLD.

2.4. Lichen Planus. Lichen planus is well known to be a skin
lesion associated with persistent HCV infection, although
the pathogenesis remains uncertain [98]. Approximately
1–6% of patients with chronic HCV infection have been
estimated to be afflicted with oral lichen planus [7, 8, 49].
The existence of concurrent lichen planus was associated
with chronic active hepatitis [99], suggesting that the chronic
HCV infection alone did not cause lichen planus. However,
the severity of hepatic fibrosis and necroinflammation was
independent of the severity of lymphocytic infiltration in the
oral lichen planus [100].

Nagao and her colleagues revealed that the emergence
of antibodies to cardiolipin (anti-CL), the hallmark of anti-
phospholipid syndrome [101], might reflect concurrent oral
lichen planus in patients with chronic HCV infection [102],
although the association seems to be controversial [103].
Surprisingly, these patients with anti-CL did not fulfill the
criteria for antiphospholipid syndrome [102]. The emer-
gence of TMA may be associated with oral lichen planus
secondary to HCV infection [104], although the putative
mechanism was not described in detail. Clinical relevance of
antibodies to epithelial components in HCV-associated oral
lichen planus was also reported [105]. To the contrary, Car-
rozzo and his colleagues elucidated no relationship between
the emergence of autoantibodies including ANA, SMA,
parietal cell antibodies, and anti-epithelial antibodies and
concomitant lichen planus in patients with HCV infection
[106]. Another study revealed that cryoglobulin-positive
patients with CH-C had higher prevalence of lichen planus
than cryoglobulin-negative patients [6].

2.5. CREST Syndrome. CREST syndrome is a rare concur-
rent autoimmune disease in patients with persistent HCV
infection [3]. We previously elucidated that approximately
1% of patients with HCV-related CLD have anticentromere
antibodies (ACAs) [107], the serological hallmark of CREST
syndrome [108]. However, all patients seropositive for ACA
did not have symptoms of CREST syndrome [107], like the
cases of primary biliary cirrhosis (PBC) patients with ACA
[109]. The putative role of persistent HCV infection in the
production of ACA remains uncertain, although the mole-
cular mimicry between the HCV core antigen and CENP-A
[110], one of the major centromere proteins [111], has been
shown.
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2.6. IFN-Induced Autoimmunity. Treatment with IFN-α, an
antiviral drug, can precipitate or exacerbate autoimmune
endocrine diseases as well as autoimmune thyroid disorders
in patients with CH-C [101]. Treatment with IFN-α resulted
in the upregulation of major histocompatibility complex
(MHC) class I expression on thyroid epithelial cells and
switching the immune response to the Th1 pattern and sub-
sequent cytokine release (IFN-γ and interleukin-2) [93–
95, 112]. The thyroid was the organ most susceptible to treat-
ment with IFN-α in patients with CH-C [113].

The association of the IFN treatment with the develop-
ment of type 1 diabetes mellitus (DM) has been shown in
patients with CH-C patients. Of all CH-C patients, 1.4–2.8%
had antibodies to glutamic acid decarboxylase (anti-GAD),
the serological hallmark of type 1 DM [114], prior to the
treatment with IFN-α [115, 116]. Most CH-C patients with
anti-GAD developed type 1 DM by the IFN therapy. The
onset of type 1 DM was closely restricted to the genetic sus-
ceptibility demonstrated by the presence of the HLA DRB1-
DQB1 haplotype in those patients [117].

Antibodies to 21-hydroxylase were observed in 4.8% of
patients with CH-C receiving IFN treatment. However, the
presence of this autoantibody was independent of adrenal
failure [118].

The existence of non-organ-specific autoantibodies
including ANA at end of the treatment or the increase in
titers of SMA can predict unfavorable outcomes of antiviral
treatments in patients with CH-C [119].

It is of interest that Covini and his colleagues identified
a novel autoantigen, which appeared like distinct rods and
rings (RRs) in the cytoplasm of HEp-2 cells, in patients with
CH-C under treatment with pegylated IFN-α and ribavirin
[120].

Genetic backgrounds may trigger the development of
IFN-induced thyroid disorders. There was a close correlation
between HLA A2 and IFN-induced autoimmune thyroiditis
in Japanese patients with CH-C [121]. Another study
revealed the association of DRB1∗11 with IFN-induced auto-
immune thyroiditis in a Caucasian population [122].

2.7. Malignant Transformation. An oncogenic role in chronic
HCV infection has been widely shown by the development of
hepatocellular carcinoma (HCC) and B-cell NHL [123]. The
close relationship between carcinogenesis and autoimmunity
has been also well recognized.

A previous issue revealed that the minority of patients
with HCV-related MC (5–10%) develop a frank malignant
lymphoma in long-term follow-up [124]. The clonal B-cell
expansion by HCV infection may account for the malignant
transformation in patients with HCV-related MC [125]. The
t (14 : 18) translocation with overexpression of bcl-2 anti-
apoptotic protein [126] in B cells leading to extension of
B-cell survival [127, 128] and the subsequent mutations of
oncogenes including c-myc and p53 [129, 130] seemed to
play essential roles in the development of B-cell NHL.

A strong linkage between HCV-related SS and B-cell
NHL has been widely documented. Ramos-Casals and his

colleagues recently demonstrated that patients with HCV-
related SS who developed NHL had the immunological fea-
tures of higher prevalence of RF and type II MC than those
with HCV-related SS without NHL [82].

Monoclonal gammopathy of undetermined significance
(MGUS) has been recognized as another lymphoproliferative
disorder in HCV-related MC [131]. The monoclonal gam-
mopathies of IgGκ and IgMκ are frequently observed in
HCV-related MC [132]. The monoclonal gammopathy in
those patients should be monitored to exclude the possibility
of an evolution to multiple myeloma [133].

Raedle and his colleagues revealed that three of 7 (43%)
patients with HCV-related HCC had autoantibodies to p53
[134], one of the tumor-associated antigens [135], while
none of the patients with HCV-related CLD did, suggesting
that HCV-induced carcinogenesis resulted in the production
of these autoantibodies. On the other hand, the prevalence
of autoantibodies to survivin [136], a protein which belongs
to the inhibitor-of-apoptosis protein (IAP) family [137], was
higher in patients with HCV-related HCC than in those with
HBV-related HCC. We previously reported 8 of 86 (9%)
patients with HCC had autoantibodies to tumor-associated
antigens including p53, insulin-like growth factor II mRNA-
binding proteins (IMPs), c-myc, and survivin [138, 139]. It
is of note that seven of 8 HCC patients with those antibodies
were HCV related [138, 139].

A few types of autoantibodies frequently observed in
autoimmune diseases are generally present in sera of patients
with HCC. There is an interesting issue on the relationship
between autoantibodies to Golgi, which are usually seen in
the patients with rheumatoid arthritis and SLE [140] and
HCV-related HCC [141]. Our present report revealed that
patients with HCV-related CLD seropositive for ACA fre-
quently developed HCC [107]. Antibodies to CENP-B, the
most common target antigen of ACA, were regarded as a
potential biomarker for small-cell lung cancer [142].

2.8. Autoimmune Cytopenia. As another extrahepatic man-
ifestation, reports of HCV-related autoimmune cytopenia
including autoimmune hemolytic anemia (AHA), autoim-
mune thrombocytopenia, and autoimmune neutropenia are
recently increasing in number [143]. It is of interest that
patients with HCV-related AHA are often associated with
the emergence of ANA and MC [143]. Patients with HCV-
related autoimmune thrombocytopenic purpura also had
more immunological markers [144].

On the other hand, 66–88% of patients with chronic
HCV infection and thrombocytopenia had antiplatelet anti-
bodies [145, 146], although the development of antiplatelets
is not associated with thrombocytopenia. The most common
target antigen of anti-platelet antibodies is glycoprotein (GP)
IIb/IIIa [146].

2.9. Atherosclerosis. Atherosclerosis has been described as
a metabolic abnormality caused by HCV infection [147].
Autoantibodies to oxidized low-density lipoprotein (anti-
ox-LDLs) have been identified as a serological hallmark of
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atherosclerosis [148]. We recently revealed that anti-ox-
LDLs were associated with the severity of hepatic steatosis
in patients with CH-C [149]. Further examination will
be required whether anti-ox-LDL become a biomarker for
atherosclerosis in patients with chronic HCV infection or
not.
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Host genetic factors may predict the outcome and treatment response in hepatitis C virus (HCV) infection. Very recently,
three landmark genome-wide association studies identified single nucleotide polymorphisms near the interleukin 28B (IL28B)
region which were more frequent in responders to treatment. IL28B encodes interferon (IFN)λ3, a type III IFN involved in host
antiviral immunity. Favourable variants of the two most widely studied IL28B polymorphisms, rs12979860 and rs8099917, are
strong pretreatment predictors of early viral clearance and sustained viral response in patients with genotype 1 HCV infection.
Further investigations have implicated IL28B in the development of chronic HCV infection versus spontaneous resolution of acute
infection and suggest that IL28B may be a key factor involved in host immunity against HCV. This paper presents an overview
about the biological activity and clinical applications of IL28B, summarizing the available data on its impact on HCV infection.
Moreover, the potential usefulness of IFNλ in the treatment and natural history of this disease is also discussed.

1. Introduction

More than 20 years after the discovery of the hepatitis C
virus (HCV) in 1989, it is now well established that HCV
infection affects all countries, leading to a major global health
problem that requires widespread active interventions for its
prevention and control [1]. Prevalence data estimate that
130–170 million persons, or 2-3% of the world population
are infected with HCV [2]. HCV infection is characterized
by two distinct outcomes: in about 30% of cases, innate
and adaptive immune responses achieve a permanent control
of infection, referred to as spontaneous HCV clearance;
however, most frequently, the host immune responses fail
and chronic infection is established [3]. Chronic hepatitis
C is highly heterogeneous in clinical presentation and out-
comes. This heterogeneity may be dependent on virus geno-
type but is also largely related to host factors that have been
clearly proven to affect the severity and rapidity of disease
progression [4]. The successful eradication of HCV in chron-
ically infected patients, defined as a sustained virological
response (SVR), is associated with a reduced risk of disease

progression. Currently, pegylated interferon (PEG-IFN) plus
ribavirin (RBV) is considered the standard of care for chronic
hepatitis C, but the rate of SVR is around 50% in patients
with HCV genotype 1, the most common genotype [5, 6].
Because PEG-IFN/RBV therapy is costly and often accompa-
nied by several adverse effects, pre-treatment predictions of
those patients who are unlikely to benefit from this regimen
enables ineffective treatment to be avoided. Viral load and
viral genotypes and the stage of liver disease strongly predict
the response to HCV treatment [7, 8]. Moreover, host genetic
differences may influence the response to HCV treatment.
Recently, through a genome-wide association study (GWAS)
of patients infected by genotype 1 HCV, it has been reported
that single nucleotide polymorphisms (SNPs) linked to
the cytokine IFNλ3 (also known as IL28B) are strongly
associated with a response to PEG-IFN/RBV therapy [9–
12]. There has subsequently been rapidly increasing data
regarding the significance of the IL28B polymorphism not
only in response to therapy but also in spontaneous clearance
of acute HCV infection. Clinically available tests then made
IL28B genotype testing become part of the standard of care.
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Genetic analysis of the host may thus predict which patients
are more likely to respond to treatment, taking into account
that IL28B genotype is only one of many factors that can
influence response rates to PEG-IFN/RBV therapy in HCV
infection and should be interpreted in the context of other
clinical factors predicting SVR.

2. The IFNλ Family

IFNλ was identified during the recent years and classified as a
new group, type III IFN. The IFNλ gene family is composed
of three distinct genes: IFNλ1 (IL29), IFNλ2 (IL28A), and
IFNλ3 (IL28B) [13, 14]. The members of this IFN family
interact through unique receptors that are distinct from type
I (IFNα/β) and type II (IFNγ) IFN receptors. The receptor
for type III IFN is composed of the unique IFNλR1 chain,
also called IL28Rα and the IL10R2 chain, which is shared
with IL10, IL22, and IL26 receptor complexes (Figure 1) [15].
IL28A, IL28B, and IL29 are clustered together on chromo-
some 19 (19q13.13 region) and are coexpressed together with
other type I IFNs (IFNα and IFNβ) by virus-infected cells
[13, 14]. IFNλRs are expressed at variable levels on most
cell types, and they mediate signalling resulting in induction
of many of the same genes that are induced by signalling
through IFNα/β Rs [13]. Very interestingly, hepatocytes from
liver biopsy specimens have a high IFNλ receptor expression
(IL28Rα), while no expression is evidenced on fibroblasts,
endothelial cells, adipocytes, or primary central nervous
system cells [16–18].

Signalling through type I (IFNα/β) or type III (IFNλ)
IFN receptor complexes results in the formation of a
transcription factor complex known as IFN-stimulated gene
factor 3 (ISGF3), which consists of three proteins: STAT1,
STAT2 and IRF-9 (also known as ISGF3γ or p48). After it
is fully assembled, ISGF3 translocates to the nucleus where
it binds to IFN-stimulated response elements (ISREs) in
the promoters of various IFN-stimulated genes classically
associated with the antiviral phenotype, including OAS1,
MX1, IRF7, and EIF2AK2 [double-stranded RNA-activated
protein kinase (PKR)] [19]. The proteins encoded by these
genes mediate the antiviral activity induced by the IFNs [20].
As a result, the downstream biological activities induced by
either IFNα or IFNλ are very similar, including induction of
antiviral and antiproliferative activity in many cell types.

There are currently very limited available data comparing
the different biological activity of the three IFNλs. Biological
activity ultimately depends on the receptor cytoplasmic
domains, which are not related, and these may trigger over-
lapping but different biological functions. This, in addition
to the pattern of receptor distribution among different cell
types, means that the different IFNλs are functionally distinct
[21]. The effects of IFNλs on immune cell function appear
to be complex and diverse, while the antiviral effects are
clearer. In fact, IFNλ-induced antiviral activity has been
demonstrated against many different viruses but has also
been shown to inhibit in vitro replication of HBV and HCV
[22–26]. In particular, it has been demonstrated that IFNλ3
inhibits HCV replication in three independent HCV models
by the JAK-STAT pathway [27]. The first use of IFNλ in

clinical setting has started for hepatitis C: pegylated rHu
IFNλ (PEG-IFNλ) has now been evaluated in two phase
1 clinical trials [28, 29]. The initial phase 1A study was
designed to evaluate the safety, tolerability, pharmacokinetic,
and pharmacodynamic activity of a single dose of PEG-IFNλ
in healthy volunteers; a few participants developed reversible,
dose-related increases in liver transaminases, but PEG-IFNλ
did not induce fever, fatigue, or any overt haematological
changes [28]. The phase 1B study has been conducted in
patients with chronic genotype 1 HCV infection, mostly non
responders to PEG-IFN/RBV therapy; PEG-IFNλ induced
significant decreases in the levels of HCV, was well tolerated,
and did not induce any significant haematological toxicities
such as neutropenia, thrombocytopenia, or anemia [29].
However, this study lacks a direct comparison between IFNλ
and IFNα and the influence of viral and patient genotypes,
and it is not clear whether the antiviral effects are mediated
directly or through the stimulation of immune cells or
both. Since the presumed effects of IFNλ on viral clearance
observed in the GWAS are mediated through treatment with
exogenous IFNα, it is conceivable that although IFNλ may
be less potent than IFNα as a direct antiviral, taken together
these cytokines may have an additive effect [24].

3. The Effect of IFNλ3 Polymorphism on
IFNλ Biology

IL28B/IFNλ3 may harbour the ability to induce potent
innate antiviral responses in vitro via signalling through
the IL28 receptor complex, whose expression has been
verified on a variety of cells, including lymphocytes [24,
30, 31]. Moreover, studies performed in vivo showed that
IL28B/IFNλ3 had the potential to induce helper T-cell type
1-biased adaptive cellular immune responses [32]. IFNλ3
has significant influence on antigen-specific CD8+ T-cell
function, especially in regards to cytotoxicity, since it is a
potent effector of the immune system with special emphasis
on CD8+ T-cell killing functions [32].

IFNλ3 is to date the only member of type III interferons
with genetic variations associated with differential expression
profiles for downstream genes involved in the immune
response and outcome for a disease that exhibits symptoms
of dysregulation of the immune response. In 2009, three
genome-wide association studies reported an association
between SVR and two SNPs located near the gene region
encoding IFNλ3 (IL28B; rs12980275 and rs8099917) in
HCV-infected patients treated with PEG-IFN/RBV com-
bination therapy [9–11]. Further subsequent studies well
established that the response to IFNα or the natural clearance
of HCV infection is dependent on SNPs, upstream of IFNλ3,
which could be used as biomarkers to help determine the
treatment outcome [21]. However, the exact mechanisms by
which IFNλ3 polymorphisms are identified in the GWAS
affect immune function or exert specific antiviral effects in
HCV-infected patients are still unclear.

In 2010, two studies performed on HCV-infected
patients revealed that both the SNPs of IL28B linked with
SVR were strongly associated with lower hepatic expression
of interferon-stimulated genes (ISGs) [33, 34]. These results
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imply that IFNλ3 polymorphism may explain the relation-
ship between hepatic ISG expression and HCV treatment
outcome but do not reveal any specific mechanism. However,
the increase of infected hepatocyte death rate for specific
IFNλ3 polymorphism suggests that an immune-mediated
mechanism may be responsible [35].

Further investigations reported some relationships
between IL28B genetic variation and allergic disease in
children and susceptibility to develop hepatocellular carci-
noma in HBV-infected patients [36, 37]. However, even
though screening of these polymorphisms and functional
studies would be useful to clinical practice for identifying
groups at high risk and might help to modify the design
of surveillance programs, these studies do not provide any
mechanism that explains this association.

In summary, the identity of the functional variants
underlying the observed associations is still unknown, and
further studies are encouraged to clarify the biological
impact of IFNλ3 polymorphism.

4. The Impact of IFNλ3 Polymorphisms on
HCV Infection

4.1. rs12979860 Polymorphism. The SNP on chromosome
19q13 (rs12979860) strongly associated with SVR in geno-
type 1 HCV-infected subjects, identified by the study of Ge et
al., results in three possible genotypes: the C/C genotype was
associated with 2.5 or greater rate (depending on ethnicity)
of SVR compared to the T/T genotype, and the C allele
was overrepresented in a random multiethnic population as
compared to the chronically infected study cohort, raising
the possibility that the C allele may favour spontaneous
clearance of HCV [11]. According to this report, the
rs12979860 polymorphism also may explain much of the
difference in response between different population groups:
in fact, the genotype leading to better response presents with
greater frequency in European than in African populations
[11]. Moreover, the C allele was found associated with more
subjective appetite, energy, and sleep complaints, as well as
lower serum triglycerides and higher serum LDL cholesterol
but less hepatic steatosis [38–40]. This latter report was
confirmed by a subsequent study, which showed a lower
steatosis severity grade in HCV-infected patients with C/C
genotype [41]. This association was then observed in HCV
genotypes 2, 3, and 4, and also in HCV/HIV-infected patients
even though prior non-responders [42–46]. The C allele also
appears to affect positively early viral kinetics in patients
with chronic hepatitis C receiving interferon-free treatment
[47, 48]. However, the C allele is associated with more pro-
nounced liver histopathology damage in patients chronically
infected with HCV genotype 3, which may be secondary
to higher viral load but has no impact among genotype
2 infected patients, implying that IL28B may differentially
regulate the course of genotype 2 and 3 infection [49, 50]. In
an analysis of HIV-infected patients with acute hepatitis C,
the C/C genotype was associated with higher serum levels of
hepatitis C virus RNA, and lower γGT and CD4 cell count,
but not significantly associated with treatment response

rates, suggesting that its effects would be different in HIV-
infected patients with chronic and acute hepatitis C [51].
The C/C genotype predicts SVR in chronically coinfected
patients, but it is also associated with higher all-cause
mortality [52, 53]. When this variant was genotyped in HCV
cohorts comprised of individuals who spontaneously cleared
the virus or had persistent infection, the C/C genotype
strongly enhanced resolution of HCV infection amongst
individuals of both European and African ancestry, showing
that IL28B plays a determinant role in natural clearance of
HCV and spontaneous resolution of HCV infection [54].
This report was also observed in women affected by acute
hepatitis C [55]. However, rs12979860 homozygosity is not
associated with resistance to HCV infection in exposed
uninfected patients [56]. Studying the impact of donor
and recipient genotypes of IL28B rs12979860C>T SNP on
hepatitis C virus (HCV) liver graft reinfection revealed a
dominant but not exclusive impact of the donor rather than
the recipient genetic background on the natural course and
treatment outcome [57]. Interestingly, the risk of developing
posttransplant diabetes mellitus is significantly increased in
recipients carrying the IL28B rs12979860C>T SNP [58].

4.2. rs8099917 Polymorphism. The study by Rauch et al.
demonstrated that the rs8099917 minor allele (T/G or T/T)
was associated with progression to chronic HCV infection
and also with failure to respond to therapy, with the strongest
effects in patients with HCV genotype 1, 2, or 4 [12, 59].
However, an analysis performed on Taiwanese patients with
a lower daily viral production rate than Western patients,
demonstrated that the T/T genotype may contribute to the
increased viral clearance rate and better virological responses
in these patients [60]. Even though there are no studies
considering multiethnic cohorts, a recent meta-analysis
evidenced that rs8099917 T/T had slight predictive value in
Asian patients [61]. A further study reported that combina-
tion analyses of SNP of rs8099917 in recipient and donor
tissues and mutations in HCV RNA allowed prediction of
SVR to PEG-IFN/RBV therapy in patients with recurrent
HCV infection after orthotopic liver transplantation [62].
Another study revealed the high prevalence of the rs8099917
G allele in HCV/HIV-1-coinfected patients as well as its
strong association with treatment failure in HCV genotype
1-infected patients [63]. The rs8099917 T/T genotype is asso-
ciated with higher levels of apoB-100 and LDL cholesterol in
genotype 1-HCV-infected patients [64].

4.3. Combined IFN3λ Polymorphisms. Both favourable geno-
types for rs12979860 (C/C) and rs8099917 (T/T) were asso-
ciated with spontaneous HCV clearance, possibly interacting
in synergy with female sex [65]. On the other side, IL28B
variants associated with poor response to interferon therapy
may predict slower fibrosis progression, especially in patients
infected with non-1 HCV genotypes [66].

Concerning HCV genotype 3-infected subjects, IL28B
polymorphisms are associated with RVR but not SVR to
PEG-IFN therapy [67]; other studies showed that IL28B
polymorphisms are strongly associated with the first phase
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Table 1: Summary of the impact of different IL28B polymorphisms on HCV infection in several conditions (SVR: sustained virological
response; RVR: rapid virological response).

Polymorphism Genotype Impact on HCV Impact on HCV/HIV Impact on liver graft reinfection

rs12979860 C/C

(i) Higher SVR (genotypes 1,
2, 3, 4) [11, 41–45]

(ii) Spontaneous clearance [11]
(iii) Early viral kinetics [46, 47]

(i) Higher SVR [51]
(ii) No influence on acute HCV

infection [50]
(iii) Higher all-cause mortality
[52, 53]

(i) Natural course and treatment
outcome dependent on donor
rather than recipient genetic
background [54]

(ii) Higher frequency of
posttransplant diabetes
mellitus [55]

rs8099917
T/G or T/T

(i) Treatment failure
(genotypes 1, 2, 4) [12, 56]

(ii) Increased viral clearance
and virological response in
Taiwanese patients [57]

(i) SVR in patients with recurrent
HCV infection [58]

G/G
(i) High prevalence [59]
(ii) Treatment failure (genotype 1)
[60]

Combined C/C and T/T

(i) Spontaneous clearance [61]
(ii) Early viral kinetics [62, 64, 65]
(iii) RVR but not SVR

(genotype 3) [63]

(i) Early viral kinetics (genotypes 1,
4) [65]

viral decline during PEG-IFN/RBV therapy of chronic HCV
infection, irrespective of HCV genotype, and in genotype 1–
4 HIV/HCV-coinfected patients [66, 68, 69]. These reports
suggest that IL28B polymorphisms could play a role in block-
ing the production or release of virions in the first phase viral
decline [70]. Treatment outcome in HCV-infected patients
may be also influenced by viral polymorphisms within the
viral core and NS5A proteins, even though it has been
clearly demonstrated that IL28B polymorphisms and HCV
core amino acid 70 substitutions contribute independently to
an SVR to PEG-INF/RBV therapy [71]. Another independ-
ent predictor of RVR and final therapeutic outcome is IFNγ
inducible protein-10 (IP-10), and the concomitant assess-
ment of pretreatment IP-10 and IL28B-related SNPs has been
proposed to improve response or spontaneous clearance
prediction [72–74].

When ten SNPs of IL28B were simultaneously analysed
in treatment-naı̈ve patients with genotype 1-HCV chronic
infection who received PEG-IFN/RBV, rs12979860 resulted
as the critical predictor for SVR even in patients without RVR
[75]. A further study demonstrated that SNPs rs8099917
and rs12979860 used alone may be useful for predicting the
outcome of HCV treatment, and in a rational and cost-
effective approach, determination of only one of these two
SNPs is sufficient for predicting SVR. Because of the highest
predictive SVR associated with rs12979860 C/C compared
with the rs8099917 T/T, rs12979860 determination alone is
sufficient for predicting interferon response [76, 77], even
in HIV/HCV-coinfected patients [78]. However, there is evi-
dence that a significant proportion of heterozygous carriers
of the rs12979860 T nonresponder allele can profit with
respect to SVR prediction by further determination of the
rs8099917 SNPs [79].

When the combined effect of variants of IL28B with
human leukocyte antigen C (HLA-C) and its ligands the

killer immunoglobulin-like receptors (KIRs), which have
previously been implicated in HCV viral control, was
studied, prediction of HCV treatment response improved,
supporting a role for natural killer (NK) cell activation
in PEG-IFN/RBV treatment-induced clearance, partially
mediated by IL28B [80]. Nevertheless, there are conflicting
reports on the concept that IFNλ3 might directly act on NK
cells to modify their functional activity [81, 82].

4.4. IFN3λ Polymorphisms and Directly Acting Antivirals
(DAAs). HCV therapy has been recently updated by the
approval of two DAAs against the NS3/4A serine protease
for use in genotype 1, the ketoamide inhibitors boceprevir
and telaprevir [83, 84]. The impact of IFN3λ polymorphisms
on therapy outcome has been evaluated in several phase 3
clinical trials of boceprevir and telaprevir when used in
conjunction with PEG-IFN/RBV. The predictive factors of
SVR to a regimen of PEG-IFN/RBV/telaprevir therapy was
evaluated in 72 Japanese adults infected with HCV genotype
1, showing rs8099917 T/T as significant determinant of SVR
[85]. In the Phase 3 ADVANCE trial, the addition of telapre-
vir to PEG-IFN/RBV improved SVR across all rs12979860
genotypes [86]. The retrospective analyses from the SPRINT
II and RESPOND-2 trials suggest that patients with the
rs12979860 C/C genotype are highly likely to be treated for
just 6 months with PEG-IFN/RBV/boceprevir [87].

Several other classes of DAAs are under development,
and it is expected that they will increase SVR rates and
decrease the required duration of therapy [88]. The role
of IL28B variations in predicting response to triple-therapy
regimens including DAAs different from boceprevir and
telaprevir has very recently been investigated, but it is
difficult to draw firm conclusions owing to the small
number of patients in some groups, and additional research
is required before final conclusions can be drawn [89].
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Finally, the rs12979860 C/C genotype presented a favourable
influence on early viral kinetics during treatment with an
interferon-free DAA regimen (mericitabine plus danopre-
vir), even though the importance of IL28B genotype on
response to future interferon-free combination DAA reg-
imens remains to be determined with analyses of larger
and longer duration studies [47] (refer to the Table 1 for a
comprehensive summary of the effects).

5. Conclusion

The IFNλ3 gene polymorphism closely associates with the
natural course and treatment response of chronic hepatitis C
in different populations, irrespective of HCV genotype, thus
it can be considered an important predictive pretreatment
factor. The differential global distribution of IFNλ3 SNPs
may explain the observed clinical differences between ethnic
groups. The identification of these polymorphisms will pro-
vide support for clinical decision making in current standard
care. However, in genotype 2/3 patients who achieve RVR
or in treatment initiated in acute HCV, IFNλ3 SNPs testing
may have less clinical utility. This raises questions about
justifying the cost of incorporating IFNλ3 SNPs testing in
routine practice in such patients. Furthermore, the effect of
the IL28B genotype is not absolute, and it should not be used
as a criterion for denying therapy when unfavourable.

Future studies are needed to establish the role of IFNλ3
genotype using direct antivirals, which rapidly reduce the
viral load and may therefore lower the influence of IL28B
genotyping in predicting SVR. Further functional studies of
IFNλs and the significant SNPs should be investigated to
improve the positive predictive value using the point muta-
tion analysis of the targeted polymorphisms. For applying a
practical tailor-made therapy, it is also necessary to reveal
the cause of exceptional cases that do not follow the IL28B
genotyping.
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Chronic hepatitis C (CHC) is a serious medical problem necessitating more effective treatment. This study investigated the
hypothesis that an induction approach with nIFN-beta for 24 weeks followed by PEG-IFN-alpha+ribavirin (standard of care:
SOC) for 48 weeks (novel combination treatment: NCT) would increase the initial virologic response rate and restore innate and
adaptive immune responses in CHC. Seven CHC patients with a high viral load and genotype 1b were treated with NCT. Serum
cytokine and chemokine levels were evaluated during NCT. NCT prevented viral escape and breakthrough resulting in persistent
viral clearance of HCVRNA. IL-15 was increased at the end of induction therapy in both early virologic responders (EAVRs) and
late virologic responders (LAVRs); CXCL-8, CXCL-10, and CCL-4 levels were significantly decreased (P < 0.05) in EAVR but not
in LAVR during NCT, and IL-12 increased significantly (P < 0.05) and CXCL-8 decreased significantly (P < 0.05) after the end
of NCT in EAVR but not in LAVR. NCT prevented viral breakthrough with viral clearance leading to improvement of innate and
adaptive immunity resulting in a sustained virologic response (SVR). NCT (n = 8) achieved a higher SVR rate than SOC (n = 8)
in difficult-to-treat CHC patients with genotype 1 and high viral loads.

1. Introduction

About 180 million people (around 3% of the world’s popu-
lation) are infected with the hepatitis C virus (HCV) [1].
Chronic hepatitis C (CHC) is a leading cause of chronic hep-
atitis, cirrhosis, liver failure, and hepatocellular carcinoma
worldwide [2]. CHC is a serious global medical problem
necessitating effective treatment. However, 50% of treated
patients are not cleared of viremia when treated with pegy-
lated- (PEG-) interferon- (IFN-) alpha plus ribavirin (RBV)
for 48∼72 weeks (standard of care: SOC) [3, 4]. The triple
combination of PEG-IFN-alpha, RBV, and a protease inhi-
bitor (telaprevir or boceprevir) fails to eradicate HCV in
approximately 20∼30% of treatment-naı̈ve and 50∼60% of

treatment-experienced patients [5, 6]. Thus, more effective,
more tolerable and/or more tailored therapies are required.

Viral kinetics in response to anti-HCV treatment is an
important factor during treatment. With successful anti-
viral treatment, the HCVRNA concentration in serum
promptly decreases to undetectable levels and remains
negative throughout therapy and thereafter. The faster the
virus becomes undetectable during therapy, the better the
chance of achieving a sustained virologic response (SVR).
Accumulating evidence suggests that an early response to
treatment is best determined by the level of HCVRNA in
serum at 4 and 12 weeks of therapy [7, 8]. Because an
SVR has been shown to be more likely after favorable early
viral kinetics (i.e., a more rapid and profound reduction in
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HCV RNA levels), a rapid initial clearance augmented by
induction therapy for the first several months was postulated
as an approach to optimizing new therapeutic strategies to
achieve SVR [9, 10]. HCV exists as a genetically heterogenous
viral population, named quasispecies. Thus, the clinical suc-
cess of new HCV therapies will depend on their ability to
suppress all viral variants as well as prevent the emergence
of resistant viruses [11].

Recent advances in the understanding of innate immu-
nity show that the activation of the innate immune system is
essential for subsequent adaptive immune responses includ-
ing specific antibody production and CTL activation which
play a key role in protection against viral infections [12]. In
addition to evading the innate immune system, HCV has
evolved effective means of thwarting the adaptive immune
system [13, 14].

IFNs are key mediators of the host innate antiviral
immune response. IFN-stimulated gene (ISG) products can
prevent the translation of viral RNA and thereby limit the
initial viral spread in the liver until viral clearance occurs by
HCV-specific T cells [15]. The first response is thought to be
IFN-beta production by infected hepatocytes. IFN-beta has
different signaling and biological activities from IFN-alpha
and achieved a higher rate of viral clearance than IFN-alpha
[16–21]. Contrary to the actions of IFN-alpha, IFN-beta and
IFN-lambda signaling in the liver does not become refract-
ory during repeated stimulation of the IFN signaling trans-
duction pathway. The sustained efficacy of IFN-beta and
IFN-lambda could be important for the treatment of patients
who do not respond to PEG-IFN-alpha through a preacti-
vated endogenous IFN system [21].

Resolution of an HCV infection may restore impairments
of innate and adaptive immunity [22–24].

However, the issue of how to increase the initial virologic
response rate has not been resolved and is complicated by
viral breakthrough and adverse effects.

In a previous study, we have shown that cyclic and peri-
odic IFN treatment (CPIT) consisting of induction treatment
(IT) with natural (n) IFN-beta for 2 weeks followed by
maintenance treatment (MT) with nIFN-alpha for 2 weeks
could prevent virologic breakthrough and achieve an early
virologic response (EVR) and an end-treatment virologic
response (ETVR). In addition to the improvement of innate
immunity due to virologic clearance by CPIT during the
initial course of therapy, persistent virologic clearance and
restoration of innate and adaptive immune responses by RBV
plus PEG-IFN-alpha were more likely to result in a higher
rapid virologic response (RVR), EVR, ETVR, and SVR. On
the basis of these findings, we conducted a pilot study in 7
CHC patients with genotype 1b, high viral loads, and wild or
intermediate type IFN sensitivity determining region (ISDR)
to assess the efficacy, tolerability, and safety of treatment with
RBV plus PEG-IFN-alpha 2b for 48 weeks (SOC) using an
induction approach with initial virologic clearance induced
by CPIT for 24 weeks (novel combination treatment: NCT)
[25].

Little is known about the chemokine and cytokine res-
ponse to HCV infection before, during, and after IFN treat-
ment. Aiming to better understand the immunological

determinants of the protective immune response to HCV
infection, we performed an extensive analysis of the innate
and adaptive immune responses in CHC patients with geno-
type 1b and high viral load. We have evaluated the serum
levels of cytokines and chemokines that mediate humoral
and cellular immunity and inflammation, correlated with
disease activity, and characterize the immunomodulatory
effects of therapy.

In addition, we compared the efficacy and safety of
NCT versus SOC in CHC patients with genotype 1b and
high viral loads. The rate of SVR was significantly higher
among patients receiving NCT than those receiving SOC.
NCT is beneficial to treat difficult-to-treat CHC patients with
genotype 1b and high viral loads.

2. Patients and Methods

2.1. Study 1

2.1.1. Patients. Seven patients [3 males and 4 females, mean
age 53.3 ± 8.5 years (range 39–66)] with CHC, genotype
1b (serotype 1), ISDR with 3 wild type, 3 intermediate
type, and 1 not determined, and a viral load of 2144.3 ±
1701.2 KIU/mL (range 536–>5000 KIU/mL) were enrolled
in this open-label, prospective study. Patients underwent a
liver biopsy before the IFN therapy, and the severity [inflam-
mation (grade) and fibrosis (stage)] of liver disease [26]
was evaluated as chronic hepatitis (grades 1–3, stages 1-2)
(Table 1). Serum was collected from five healthy donors,
ranging in age from 28 to 58 years. Written informed consent
was obtained from all patients according to the Declaration
of Helsinki.

2.1.2. Exclusion Criteria. The following were considered as
exclusion criteria: refusal by women of child-bearing age
or by sexually active patients to use a safe contraceptive,
pregnancy or breast-feeding, cirrhosis with signs of decom-
pensated liver diseases, coronary heart diseases, the presence
of overt psychiatric diseases, active alcohol or drug abuse,
uncontrolled diabetes mellitus, uncontrolled hypertension,
uncontrolled retinopathy, autoimmune disorders, or any
other unstable medical condition not because of liver disease.
All patients were negative for hepatitis B surface antigen, and
frequent causes of chronic liver diseases were excluded.

2.1.3. Study Design. Cyclic and periodic IFN treatment
(CPIT): the patients were treated with 6 cycles (24 weeks) of
cyclic and periodic IFN treatment (CPIT). One cycle of CPIT
consisted of IT with nIFN-beta (Feron, Toray, Chiba, Japan)
at 3–6 MU/day, intravenously by drip infusion in 100 mL of
saline solution, daily for 2 weeks followed by MT with nIFN-
alpha (Sumiferon, Sumitomo, Osaka, Japan) at 6 MU/day,
subcutaneously, three times weekly for 2 weeks.

CPIT was followed by treatment with RBV plus PEG-
IFN-alpha 2b (SOC) (novel combination treatment: NCT):
we investigated the efficacy, tolerability, and safety of CPIT
for 24 weeks as induction therapy followed by RBV (Rebetol:
Schering Plough, Kenilworth, NJ, USA; 200–800 mg/day,
per os, daily) plus PEG-IFN-alpha 2b (Pegintron, Schering
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Table 1: Characteristics of chronic hepatitis C with high viral load, serotype-1 (genotype 1b), and wild or intermediate type in ISDR before,
during, and after RBV plus PEG-IFN-alpha 2b using an “induction” therapy with cyclic and periodic interferon treatment (CPIT); novel
combination treatment (NCT).

Patient NO.

ALT (lU/mL)

Age/gender Body
weight (kg)

BMI
(kg/m2)

Liver
histology

(Stage/Grade) baseline
24 weeks

(end of NCT)
72 weeks

(end of NCT)

96 weeks (24
weeks after end

of NCT)

Outcome of
treatment

Early virologic responders

1 61/F 46.1 20.4 1/2 197 37 15 13 SBR

2 47/M 67.0 21.1 1/1 37 28 22 22 SBR

3 66/M 78.0 24.5 3/2 57 29 29 17 SBR

4 49/M 60.0 19.8 1/2 50 32 12 11 SBR

5 61/F 48.5 20.9 1/2 38 9 14 10 SBR

Late virologic responders

6 39/F 73.0 27.1 1/2 48 331 264 161 NBR

7 56/F 55.0 20.6 −/− 33 19 13 49 TBR

Mean ± SD. 53.3± 8.5 61.1± 12.1 22.1±2.7 1–3/1-2 65.7± 58.5 69.3± 115.8 52.7± 93.3 39.0± 59.9

IFN: interferon, BMI: body mass index, ISDR: IFN sensitivity determining region, F: female, M: male, SBR: sustained biochemical response, NBR: no bio-
chemical response, and TBR: transient biochemical response.

Plough, Kenilworth, NJ, USA; 60–120 micro-g/day, percu-
taneously inj., once weekly) (SOC) for 48 weeks (total 72
weeks) in a pilot clinical trial as a potential treatment for 7
difficult-to-treat CHC patients with genotype 1b, high viral
load (a viral load of more than 100 KIU/mL), and wild or
intermediate type ISDR [25].

2.1.4. Measurements. All patients were monitored with clin-
ical, biochemical, and virologic assessments before and every
1 to 4 weeks during the entire 72-week treatment period
and were followed for an additional period of more than 24
weeks. The level of HCVRNA in serum was determined using
the quantitative COBAS AMPLICOR HCV MONITOR test,
ver. 2.0 (Roche Diagnostic Systems, Tokyo, Japan; sensitivity
<50 IU/mL).

Assessments of serum cytokines and chemokines (mul-
tiplex cytokine assay) were done. A multiplex biomet-
ric enzyme-linked immunosorbent assay- (ELISA-) based
immunoassay [27, 28], with dyed microspheres conjugated
to a monoclonal antibody specific for a target protein, was
used according to the manufacturer’s instructions (Bio-Plex
Human Cytokine assay; BioRad Inc., Tokyo, Japan). Cyto-
kines measured were (i) Th1 cytokines: IFN-gamma, TNF-
alpha, IL-1-alpha, IL-1-beta, IL-2, IL-12 (p70), and IL-15,
(ii) Th2 cytokines: IL-4, IL-6, IL-9, Il-10, and IL-13, (iii)
hematopoietic cytokines: GM-CSF and G-CSF, (iv) CXC
chemokines: CXCL-8 (IL-8) and CXCL-10 (IP-10), (v) CC
chemokines: CCL-2 (MCP-1), CCL-3 (MIP-1-alpha), CCL-4
(MIP-1-beta), CCL-5 (RANTES), and CCL-11 (EOTAXIN),
and (vi) other cytokines: VEGF and PDGF.

2.2. Study 2. We investigated whether induction therapy
using CPIT with natural IFN-beta would increase SVR rates
in patients with CHC genotype 1b and high viral loads. We
compared the efficacy and safety of NCT (n = 8) versus SOC
(n = 8) in CHC patients with genotype 1b and high viral

loads. All patients were monitored with clinical, biochemical
assessments, and virologic responses assessed by TaqMan
PCR (limit of detection, 15 IU/mL) before and every 1 to 4
weeks during the 48∼72-week treatment period, and were
followed for at least an additional 24 weeks after cessation of
treatment. The primary efficacy end point was achievement
of an SVR 24 weeks after cessation of treatment (Table 2).

2.3. Assessment of Safety. Safety was assessed with laboratory
tests and an evaluation of adverse events (AEs) every 1–4
weeks during and after the end of NCT. A reduction in the
RBV dosage from 800 to 200–600 mg per day and reduction
in the PEG-IFN-alpha 2b dosage from 60–120 microg to 50–
100 microg without virologic breakthrough were allowed to
manage AEs or laboratory abnormalities that had reached
predetermined thresholds of severity. If the AEs were resolved
or improved, a return to initial dosing levels was permitted.

2.4. Statics. Data were expressed as the mean ± standard
deviation, and a paired-t test was used to evaluate the differ-
ences of the means between groups, with a P value of <0.05
considered significant.

3. Results

3.1. Study 1. HCV viral titers decreased in all patients
after 4 weeks of CPIT highlighting the efficacy of this
treatment modality. None of the patients showed viro-
logic breakthrough. Serum HCVRNA [2144.3 ± 1701.2
(range 536–>500) KIU/mL at baseline] decreased signifi-
cantly to 1.5 ± 2.4 KIU/mL (P = 0.0157) at the end of CPIT.
The rates of RVR and EVR [partial EVR (pEVR), complete
EVR (cEVR), and RVR plus cEVR (extended RVR)] were
7/7(100 %) and 7/7 [100%; 4/7 (57.1%), 3/7 (42.9%), and 3/7
(42.9%)], respectively. Viral titers dropped below detectable
levels in 5 patients before the end of CPIT, and in 2 patients
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Figure 1: Levels of serum cytokines (a), (a′) and chemokines (b), (b′) at baseline in chronic hepatitis C patients with high viral load,
genotype 1b (serotype I), and wild or intermediate types of ISDR. ISDR: interferon sensitivity determinin region. Significant difference:
∗P < 0.05, ∗∗P < 0.1.

after the end of CPIT (after beginning of RBV plus PEG-IFN-
alpha-2b). The rates of ETVR at the end of CPIT and NCT
were 5/7 (71.4%) and 7/7 (100%), respectively. The rate of
SVR was 5/7 (71.4%). Transient virologic response (TVR)
was found in 2 patients who showed undetectable HCVRNA
in serum after the end of CPIT (Table 3).

To refine our understanding of the heterogeneity of
therapeutic responses, patients were classified into two
statistically distinct groups based on the time of clearance
of viremia. Of note, early virologic responders (EAVR) with
undetectable HCVRNA in serum before the end of CPIT,
which included 5 patients (pt. NO 1–5), showed SVR. Late
virologic responders (LAVRs), with undetectable HCVRNA
in serum after the end of CPIT, which included 2 patients
(pt. NO 6-7), showed a TVR. The viral titer values in LAVR
were extremely high (>5000 and 4400 KIU/mL).

Serum ALT decreased at the end of NCT and after the end
of NCT. The rate of sustained biochemical response (SBR)
was 5/7 (71.4%) (Table 1).

3.1.1. Serum Cytokines and Chemokines at Baseline (Figure 1).
CXCL-8, CXCL-10, CCL-4, and CCL-11 levels were signi-
ficantly higher (P < 0.05); IFN-gamma, TNF-alpha, IL-
1alpha, IL-2, IL-6, IL-9, IL-15, GM-CSF, G-CSF, and CCL-2
levels were higher; IL-10, IL-12, and IL-13 levels were signi-
ficantly lower (P < 0.05) in all CHC patients than in the
controls.

IL-6, IL-15, CXCL-8, CXCL-10, and CCL-11 levels were
significantly higher (P < 0.05), and IFN-gamma, TNF-alpha,

IL-1alpha, IL-2, GM-CSF, G-CSF, CCL-2, and CCL-4 levels
were higher in EAVR than in the controls. IL-10 and IL-13
levels, were significantly lower (P < 0.05), and IL-12 levels
were lower in EAVR than in the controls.

GM-CSF, CXCL-10, and CCL-4 levels were significantly
higher (P < 0.05), and TNF-alpha, IFN-gamma, IL-1alpha,
IL-1beta, IL-2, IL-15, IL-6, IL-9, IL-4, G-CSF, PDGF, CXCL-
8, and CCL-11 levels were higher in LAVR than in the con-
trols.

3.1.2. Serial Values of Serum Cytokines and Chemokines during

the NCT (Figures 2, 3, 4, 4, 5, 6, 7, 8, and 9)

At the End of CPIT. In all CHC patients, the levels of CCL-4
decreased significantly (P < 0.05), the levels of IFN-gamma,
TNF-alpha, IL-1alpha, IL-beta, IL-2, IL-4, GM-CSF, and G-
CSF decreased, and the levels of IL-9, IL-10, IL-13, IL-15,
CCL-2, PDGF, and VEGF increased from baseline.

In EAVR, the levels of CCL-4 decreased significantly (P <
0.05) from baseline but to a lesser extent than in LAVR. The
levels of CXCL-8 decreased in EAVR but increased signi-
ficantly (P < 0.05) in LAVR. The levels of CXCL-10, CCL-
3, and PDGF decreased in EAVR but increased in LAVR at
the end of CPIT.

At the End of NCT. In all CHC patients, the levels of
CCL-4 decreased significantly (P < 0.05), and the levels
of IFN-gamma, TNF-alpha, IL-1alpha, IL-1beta, IL-2, IL-4
(P < 0.1), IL-6, IL-9, IL-15, CXCL-8, CXCL-10 (P < 0.1),
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Figure 2: Effect of RBV plus PEG-IFN-alpha 2b using an “induction” approach with CPIT (NCT) on serum cytokines (a), (a′) and
chemokines (b), (b′) in chronic hepatitis C patients with high viral load, genotype 1b (serotype I), and wild or intermediate type of ISDR (all
patients). RBV: ribavirin, PEG-IFN: pegylated interferon, CPIT: cyclic and periodic interferon treatment, NCT: novel combination treatment.
Significant difference: ∗P < 0.05, ∗∗P < 0.1.

CCL-3, CCL-11, PDGF, GM-CSF, and G-CSF decreased from
baseline.

In EAVR, the levels of IFN-gamma, IL-1alpha, CCL-4,
and CXCL-8 decreased significantly (P < 0.05), and the levels
of CXCL-10 decreased (P < 0.1) from baseline. In LAVR, the
levels of IFN-gamma, IL-1alpha, and CCL-4 decreased and
CXCL-8 increased. The levels of IL-9, G-CSF (P < 0.1), and
CXCL-10 (P < 0.1) decreased in EAVR but not in LAVR. The
levels of IL-6, IL-12, IL-15, and CCL-3 (P < 0.1) decreased
in LAVR but not in EAVR. CPIT induced the upregulation of
IL-15 expression, but RBV/PEG-IFN-alpha 2b did not. IL-10
and VEGF levels increased in LAVR but were unchanged in
EAVR.

Four Weeks after the End of NCT. In all CHC patients, the
levels of IL-12 and VEGF increased significantly (P < 0.05),
and IL-10 (P < 0.1) and CCL-2 levels increased from
baseline. The levels of IFN-gamma, TNF-alpha, IL-1alpha,
IL-1beta, IL-2, IL-4, IL-6, CXCL-8, CXCL-10 (P < 0.1), CCL-
4 (P < 0.1), CCL-11, GM-CSF, and G-CSF decreased from
baseline.

The levels of IL-12 and VEGF increased (P < 0.05) in
EAVR, and to a lesser extent, in LAVR. The levels of IL-15
and CCL-2 increased in EAVR but decreased in LAVR. The
levels of IL-13 increased (P < 0.1) in LAVR and to a lesser
extent in EAVR. The levels of CXCL-10 (P < 0.1) decreased

in EAVR and to a lesser extent in LAVR. CXCL-8 and CCL-3
levels were unchanged in EAVR but decreased in LAVR.

Correlation of Serum Cytokine and Chemokine Levels to
Therapeutic Responses (Figures 2, 3, 4, 5, 6, 7, 8, and 9). The
IL-15 level increased at the end of CPIT in EAVR and LAVR
and 4 weeks after the end of NCT in EAVR but not in LAVR.
The level of CXCL-8 decreased significantly (P < 0.05) in
EAVR but not in LAVR during NCT. After the end of NCT, in
EAVR but not in LAVR, the IL-12 level increased significantly
(P < 0.05), and the CXCL-8 level decreased significantly
(P < 0.05). CXCL-8 increased in LAVR at the end of CPIT
and NCT.

At the end of NCT and after the end of NCT, the CXCL-
10 level significantly decreased (P < 0.05) in EAVR but not
in LAVR. At the end of CPIT and the end of NCT, the CCL-4
level significantly decreased (P < 0.05) in EAVR but not in
LAVR.

3.2. Study 2. HCV viral titers significantly decreased (P <
0.05) from the baseline in NCT and SOC after the beginning
of treatment. HCV RNA levels decreased more in NCT than
in SOC (Figure 10).

The rates of early virologic response differed in the initial
4 and 12 weeks, and ETVR and SVR in CHC patients with
genotype 1b and high viral loads treated with the NCT and
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Figure 3: Effect of RBV plus PEG-IFN-alpha 2b using an “induction” approach with CPIT (NCT) on serum cytokines (a), (a′), and
chemokines (b), (b′) in chronic hepatitis C patients with high viral load, genotype 1b (serotype I), and wild or intermediate types of ISDR
(early virological responders). RBV: ribavirin, PEG-IFN: pegylated interferon, CPIT: cyclic and periodic interferon treatment, NCT: novel
combination treatment. Significant difference: ∗P < 0.05, ∗∗P < 0.1.
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the SOC. The rate of RVR in week 4, pEVR in week 12, cEVR
(extended RVR) in week 12, virological response in week 24,
and ETVR and SVR among CHC patients with genotype
1b and high viral loads receiving the SOC and NCT were
87.5 versus 100%, 50 versus 25%, 50 versus 75%, 50 versus
75%, 50 versus 100% (P = 0.0764), and 37.5 versus 75%
(P = 0.0435), respectively, (Figures 10 and 11). Serum ALT
level decreased after the NCT and SOC in CHC patients with
genotype 1b and high viral loads (Figure 12).

Adverse events: levels of platelets in peripheral blood dur-
ing the NCT and SOC (18.9± 5.5 versus 17.8± 6.1× 104/mL
at baseline) in CHC patients with genotype 1b and high
viral loads were significantly higher among patients receiv-
ing the NCT compared with patients receiving the SOC
(22.7 ± 6.2 versus 15.3 ± 6.7 × 104/mL, P = 0.0174) 24
weeks after cessation of treatment (Figure 13). Levels of Hb
(13.2 ± 2.1 versus 14.4 ± 2.0 g/dL at baseline) in peripheral

blood during the NCT and SOC in CHC patients with geno-
type 1b and high viral load were significantly higher among
patients receiving the NCT compared with patients receiv-
ing the SOC at week 12 (12.6 ± 1.7 versus 10.8 ± 1.9,
P = 0.0767) and at week 24 (12.3 ± 1.2 versus 10.8 ± 1.8,
P = 0.0641) (Figure 14).

4. Discussion

This study investigated the hypothesis that an induction
approach using CPIT with nIFN-beta would increase the ini-
tial virologic response rate and restore innate and adaptive
immune responses in CHC patients with genotype 1b and a
high viral load.

Study 1 has shown that NCT with an induction approach
with nIFN-beta achieved the prevention of viral escape
and breakthrough resulting in persistent viral clearance of
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HCVRNA leading to an improvement in innate and adaptive
immune responses in difficult-to-treat CHC patients with
genotype-1b, high viral loads, and wild or intermediate types
of ISDR.

The current results (Figures 1, 2, 3, and 4) show that
(1) the significantly lower levels (P < 0.05) of IL-12 and
the significantly higher levels (P < 0.05) of CXCL-8, IL-
10, CXCL-10, CCL-4, CCL-11, and VEGF in CHC patients
compared to the controls at baseline suggested the impair-
ment of innate and adaptive immunity in CHC patients,
(2) the level of IL-15 was increased at the end of CPIT in
both EAVR and LAVR; levels of CXCL-8, CXCL-10, CCL-
4, and CCL-4 were significantly decreased (P < 0.05) in
EAVR but not in LAVR during NCT, and (3) the level of
IL-12 increased significantly (P < 0.05), and the level of
CXCL-8 decreased significantly (P < 0.05) after the end of
NCT in EAVR but not in LAVR. Importantly, the current

study suggested that initial early virologic clearance induced
by CPIT before the use of a combination of RBV and PEG-
IFN-alpha 2b induced the restoration of DC function and
improvement of activation of NK cells indicated by the
upregulation of IL-12 and IL-15 and the downregulation of
CXCL-8, CXCL-10, CCL-4, and CCL-11. These observations
suggested the timing and breadth of innate and adaptive
immune responses to be important in determining the out-
come of HCV infections. Protective immunity against HCV
likely depends primarily on the activation of both innate and
cellular immune response [29].

Recent research identified multiple strategies that HCV
employs to attenuate the innate type IFN response [30].
Innate immunity is the first line of defense against an invad-
ing viral, bacterial, or fungal pathogen, and the hepatitis C
virus (HCV), a single-strand RNA virus, is no exception.
The recognition of a viral pathogen via the a coordinated
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interaction of the cells of the innate immune system leads to
the activation of adaptive immunity targeting viral-specific
antigens. HCV interferes with the activation of adaptive
immune responses by innate immune cells [31].

There appear to be innate immune responses that control
the levels of viruses and lead to significant decreases in the
HCVRNA titer with SVR. The timing of these responses is
not the same for early and late virologic responders. There is
a distinct shift at the point at which viral replication begins
to decrease in individual HCVRNA titers. One of the key
characteristics of an HCV infection is the delayed immune
response despite the early increase in the HCV titer and the
induction of ISGs. The delay in the induction of the innate

immune response that caused this decrease results in contin-
ued viral replication, which may account for the higher peak
HCVRNA titers seen in the non-SVR group. This delay may
lead to immune escape or exhaustion of the induced response
due to high numbers of infected cells [32].

Chemokines and cytokines are critical regulators of liver
inflammation, and innate and adaptive immunity to HCV,
the complex orchestration of which is suggested to determine
the outcome of HCV infections [30, 33].

Both maturation and functional differentiation of cDCs
are altered during an HCV infection with decreased IL-12
[34] and increased IL-10 production in vitro [35, 36]. The
HCV core protein has been shown to bind to the globular
domain of the complement receptor of macrophages and
DCs and downregulate IL-12 production [37]. Considering
that IL-12 is a key cytokine in the induction of CD4 T-
cell activation, whereas IL-10 has complex inhibitory effects,
HCV-induced modulation of these cytokines may have spe-
cial importance in altered HCV-specific T-cell responses in
chronic HCV infections [30]. IL-12 governs the Th1-type
immune response, affecting the spontaneous and treatment-
induced recovery from HCV infection [38].

Increased levels of IL-15 at the end of CPIT suggested that
initial viral clearance, induced by CPIT before the beginning
of RBV plus PEG-IFN-alpha 2b therapy, improved the innate
immune response to HCV.

IL-15 plays an important role in the innate immune sys-
tem and is a stimulatory cytokine for DCs impaired in CHC.
IL15 is induced by IFN-alpha and/or IFN-beta and stimu-
lates the proliferation and accumulation of NK cells. IL-15 is
required for the maturation and survival of NK cells. NK cells
have roles in both innate and adaptive immunity [39].The
activation of NK cells, as well as the timing, breadth, and
robustness of the subsequent antigen-specific T cell immu-
nity, is likely to be substantially shaped by early events in the
innate response to the pathogen. IL-12 and IL-15 are bio-
markers for the innate immune response.
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Figure 11: Rate of early viral responses in the initial 4 and 12 weeks (a) and end-of-treatment virological response and sustained virological
response (b) in chronic hepatitis C patients with genotype 1 and high viral loads treated with the NCT and the SOC according to intention
to treat. NCT: novel combination treatment; cyclic and periodic IFN treatment (CPIT) consisting of induction treatment with natural
interferon-β followed by maintenance treatment with natural interferon-α for 24 wks as induction approach followed by SOC for 48 wks.
SOC: standard of care; ribavirin plus pegylated interferon α 2b for 48 wks.
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High serum levels of IL-10 are associated with an incom-
plete response to IFN therapy. Chronic HCV infection is cha-
racterized by poor cellular immune response, which might
be in part due to the production of immune suppressive
cytokines like IL-10 [40–43]. IL-10 inhibits IFN-alpha pro-
duction, promotes apoptosis of pDC, and downregulates
effector T-cell responses [30]. IL-10-inhibiting peptides may
have important applications to enhance anti-HCV immune
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Figure 13: Changes in platelets level of peripheral blood during the
NCT and the SOC in chronic hepatitis C patients with genotype 1
and high viral loads. NCT: novel combination treatment; cyclic and
periodic IFN treatment (CPIT) consisting of induction treatment
with natural interferon-β followed by maintenance treatment with
natural interferon-α for 24 wks as induction approach followed by
SOC for 48 wks. SOC: standard of care; ribavirin plus pegylated
interferon α 2b for 48 wks.

responses by restoring the immunostimulatory capabilities
of DCs.

The levels of CXCL-10, CCL-3, and PDGF decreased in
EAVR but increased in LAVR at the end of CPIT. The level of
CXCL-8 was significantly higher in CHC than in the controls.
Because CXCL-8, the production of which is stimulated by
HCV NS5A, is able to directly inhibit the antiviral activity
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of IFN-alpha, higher levels of CXCL-8 in nonresponders
may contribute in part to the poor response to IFN-alpha
therapy [44, 45]. The levels of CXCL-8 decreased in EAVR
but increased significantly in LAVR. This result suggested the
restoration of antiviral activity of type 1 IFN inhibited by
CXCL-8 in EAVR but not in LAVR.

Serum CXCL-10 levels at baseline were higher in CHC
patients than in controls. Levels of serum CXCL-10 were
significantly decreased in EAVR but not in LAVR. CXCL-
10 is a chemotactic CXCL chemokine. CXCL-10 targets the
CXCR 3 receptor and attracts T lymphocytes, NK cells, and
monocytes. There is a strong association between pretreat-
ment expression of intrahepatic CXCL-10 mRNA and plasma
concentration of the protein, indicating that HCV-infected
hepatocytes are likely the primary source of plasma CXCL-
10 in chronic HCV infections. The intrahepatic expression
of CXCL-10 mRNA predicts the HCV viral kinetic response.
Low CXCL-10 levels both in the liver and in plasma before
the onset of treatment are associated with SVR and pro-
nounce the first-phase reduction of HCV viral load for all
viral genotypes [46–48].

Serum VEGF levels at baseline were significantly higher
in EAVR but not in LAVR of CHC patients. Serum VEGF lev-
els were associated with SVR [49].

Serum CCL-4 and CCL-11 levels at baseline were higher
in CHC patients than in controls. Serum CCL-4 and CCL-
11 levels significantly decreased in EAVR but not in LAVR in
CHC patients. CCL-4-mediated T-cell infiltration is essen-
tial for the delivery of IFN-gamma to mediate protective
downstream responses against HCV infections in the liver.
It has been shown from the intrahepatic gene expression
profiles of chimpanzees that CCL-4 was upregulated during
acute infection at the time of viral clearance, but not in those
who failed to eradicate the virus [31]. CCL-11 is a chemokine

that is thought to selectively attract eosinophils by activating
CCR3 receptors. Several studies have shown that CCL-11
is involved in the pathogenesis of inflammatory processes
during liver diseases as well [50]. Harvey et al. recently ana-
lyzed the association between chemokines and virologic res-
ponses to IFN and RBV in HIV and HCV coinfected patients
[51]; in patients achieving an SVR, plasma CCL-11 levels
before therapy were statistically higher than in nonrespond-
ers [31].

Study 2 has shown that NCT was well-tolerated and
enhanced RVR, cEVR (extended RVR), ETVR, and SVR rates
in difficult-to-treat CHC with genotype 1b and high viral
load and revealed less adverse effects (AEs) than those in
SOC. The higher virologic response rates highlight the bene-
fit of NCT with an induction approach using nIFN-beta in
CHC patients.

These results suggested that (1) early virological clear-
ance by CPIT before the beginning of RBV/PEG-IFN-alpha
2b treatment induced the restoration of innate immune resp-
onses and lead to antiviral responses and (2) persistent viro-
logic clearance for more than 48 weeks with the subsequent
RBV plus PEG-IFN-alpha 2b therapy-induced restoration
of innate immune responses linked to adaptive immune
responses and resulting in SVR and SBR. These results sug-
gested that CPIT improved the innate immune response;
however, there was insufficient improvement of the adaptive
immune response in CHC during NCT. The findings from
this study support the concept that viral clearance early in
the course of therapy with reduced virologic resistance is
linked to restoration of innate and adaptive immune res-
ponses, suggesting that agents providing the greatest viral
suppression leading to extended RVR may be preferable as
the initial early induction approach. An initial viral clearance
induced by more adequate CPIT before beginning RBV plus
PEG-IFN-alpha 2b therapy may lead to an improvement of
innate and adaptive immune responses resulting in a higher
rate of SVR in difficult-to-treat CHC patients with genotype
1b and a high viral load.

In previous studies, dose reductions or treatment dis-
continuations of PEG-IFN-alpha that were often required to
manage adverse hematological events have been associated
with a reduction in therapeutic efficacy. In NCT, no serious
AEs were found, and good tolerance of NCT was confirmed
by the high compliance rates. Indeed, the results observed in
this study agree favorably with other findings on the safety of
IFN-beta treatment in CHC patients and support the use of
nIFN-beta as a safe and alternative option.

5. Conclusion

An induction approach with nIFN-beta for 24 weeks fol-
lowed by SOC for 48 weeks (NCT) was well tolerated with-
out discontinuation. NCT prevented viral breakthrough
with viral clearance leading to an enhanced early virologic
response and improved SVR rates in difficult-to-treat CHC
patients with genotype 1b and high viral loads. Early viro-
logic clearance (extended RVR) by CPIT for 24 weeks
before the beginning of RBV plus PEG-IFN-alpha treatment
induced the restoration of innate immune responses linked
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to adaptive immune responses and resulting in SVR and SBR.
The higher SVR rates in CHC patients with genotype 1b and
high viral loads among patients receiving NCT compared
with SVR rates in those receiving SOC were revealed. NCT is
beneficial to treat difficult-to-treat CHC patients with geno-
type 1b and a high viral load.
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The association between hepatitis C virus (HCV) infection and B-cell non-Hodgkin’s lymphomas (NHL) has been demonstrated
by epidemiological studies, in particular in highly endemic geographical areas such as Italy, Japan, and southern parts of United
States. In these countries, together with diffuse large B-cell lymphomas, marginal zone lymphomas are the histotypes most
frequently associated with HCV infection; in Italy around 20–30% cases of marginal zone lymphomas are HCV positive. Recently,
antiviral treatment with interferon with or without ribavirin has been proved to be effective in the treatment of HCV-positive
patients affected by indolent lymphoma, prevalently of marginal zone origin. An increasing number of experiences confirmed the
validity of this approach in marginal zone lymphomas and in other indolent NHL subtypes like lymphoplasmacytic lymphoma.
Across different studies, overall response rate was approximately 75%. Hematological responses resulted significantly associated
with the eradication of the virus. This is the strongest evidence of a causative link between HCV and lymphomas. The aim of
this paper is to illustrate the relationship between HCV infection and different subtypes of indolent B-cell lymphomas and to
systematically summarize the data from the therapeutic studies that reported the use of antiviral treatment as hematological
therapy in patients with HCV-associated indolent lymphomas.

1. Introduction

In the last two decades, evidences from either epidemiolog-
ical studies, biological insights, and also therapeutic
approaches provided strong support to the association
between hepatitis C virus (HCV) and B-cell non-Hodgkin’s
lymphomas (NHL). HCV has been associated with B-cell
indolent lymphomas, especially marginal zone lymphomas,
as well as with aggressive lymphomas, mainly diffuse large
B-cell lymphomas. Indolent lymphomas are defined from a
clinical point of view as scarcely symptomatic lymphomas,
growing and spreading slowly [1] and encompass the follow-
ing histologic subtypes of low-grade lymphoma according
to the WHO classification [2]: follicular lymphoma, small
lymphocytic lymphoma, marginal zone lymphomas, splenic
marginal zone lymphoma, primary nodal marginal zone

lymphoma and extranodal marginal zone lymphoma of
mucosa-associated tissue (MALT), and lymphoplasmacytic
lymphoma. According to the currently more accepted patho-
genetic model, the role of HCV infection in lymphomage-
nesis may be related to the chronic antigenic stimulation of
B-cell immunologic response by the virus [3], similarly to
the well-characterized induction of gastric MALT lymphoma
development by Helicobacter pylori chronic infection [4]. In
a similar way, chronic HCV infection may possibly sustain
a multistep evolution from type II mixed cryoglobulinemia
to overt low-grade NHL and eventually to high-grade NHL
[3, 4]. The most convincing argument in favour of a causative
link between HCV and lymphoproliferation is represented by
interventional studies demonstrating that in HCV-positive
patients affected by indolent NHL eradication of HCV with
antiviral treatment (AT) could directly induce lymphoma
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regression [5]. Moreover, the upcoming novel antiviral anti-
HCV agents as boceprevir and telaprevir, whose addition to
standard treatment has already demonstrated an increased
rate of viral eradication also in more resistant genotypes (i.e.,
genotype 1b) [6, 7], will possibly further improve the efficacy
of this treatment for HCV-positive indolent NHL in the near
future.

2. Methods

The aim of this paper is to systematically summarize the
available data indolent B-cell NHL associated with HCV
infection and the up-to-now reported experiences with the
use of AT with interferon with or without ribavirin as hema-
tologic treatment in patients with HCV-positive indolent B-
cell NHL.

To this aim, we performed a systematic PubMed search
(http://www.pubmed.gov/) using the keywords “indolent
lymphoma,” “marginal zone lymphoma,” “MALT lympho-
ma,” “lymphoplasmacytic lymphoma,” “hepatitis C virus,”
“interferon,” “ribavirin,” “antiviral therapy.” All relevant arti-
cles were included, as well as the most significant abstracts
presented at American Society of Hematology (ASH) meet-
ings and International Conference on Malignant Lym-
phomas (ICML) meetings since 2005. The articles were
reviewed with reference to the features of HCV-associated
indolent NHL and were assessed specifically concerning
virological and hematological response in cases treated with
AT.

3. HCV Infection, Cryoglobulinemia,
and Lymphomas

3.1. HCV and Cryoglobulinemia. The initial finding that
lead to the extensive investigation of the association
between HCV and NHL was the very high prevalence
(nearly 90–100%) of HCV infection in patients with type
II mixed cryoglobulinemia [8]. Cryoglobulins are serum
immunoglobulins that become insoluble and precipitate
at temperatures below 37◦C. The antigenic component
of the immune complexes has been found to be highly
enriched in viral HCV core protein and HCV-RNA. Type
II mixed cryoglobulinemia is characterized by a mixture
of monoclonal and polyclonal immunoglobulins. The
monoclonal component of type II mixed cryoglobulinemia
is an IgM/k with a rheumatoid-factor activity (i.e., anti-IgG
cross-reactive binding) that reflects the expansion of a
B-cell monoclonal population [9]. Overall, up to 50% of
HCV-infected patients exhibit low levels of circulating mixed
cryoglobulins, whereas overt cryoglobulinemic vasculitis
develops in ≤5% of infected patients [10]. Symptoms vary
from purpura and arthralgia to more severe manifestations
like peripheral neuropathy and glomerulonephritis.
Importantly, in HCV-infected patients with symptomatic
cryoglobulinemia, the risk to develop an NHL is greatly
increased with respect to the general population (about 35
times according to a multicenter Italian study) [11]. As a
result, approximately 8–10% of patients with type II mixed
cryoglobulinemia ultimately progress to a frank NHL after

long-term followup. Type II mixed cryoglobulinemia is often
characterized by IgH or Bcl2 rearrangement and by t(14;
18) translocation [12]. Treatment of HCV type II mixed
cryoglobulinemia with severe organ damage may target
either the viral trigger (HCV) or the downstream arm of B-
cell autoimmunity. AT with pegylated interferon + ribavirin
has been shown to reverse bone marrow B-cell expansion in
patients with HCV-MC, leading to a clinical and virologic
response in up to 60% of cases [13]. Recent studies
showed that the combination of AT (PEG-interferon +
ribavirin) with the anti-CD20 monoclonal antibody ritux-
imab is well tolerated and more effective than AT alone, by
increasing the rate of complete clinical response, immuno-
logic (cryoglobulin clearance) and molecular response
(eradication of B-cell clonal expansions), and shortening the
time to achieve a complete clinical response [14, 15].

3.2. Epidemiology of HCV and Its Association with Lym-
phomas. HCV infection is a global health problem, with up
to 170 million persons infected worldwide (3% of global
population) [25]. However relevant regional differences in
the prevalence of infection are described. The lowest preva-
lence rates are reported in Northern Europe and Scandinavia
(0.01–0.1%) while in Italy, Egypt, Japan, and southern parts
of United States, prevalence estimates exceeds 2% [26].
HCV infection is a leading cause of chronic hepatitis, cir-
rhosis, and hepatocellular carcinoma and has been associated
to extrahepatic manifestations, especially type II mixed
cryoglobulinemia and a spectrum of B-cell NHL with or
without cryoglobulinemia [3]. Several epidemiological stud-
ies have been performed beginning from the mid 1990s to
investigate the link between HCV and NHL. Early studies
based on relatively small number of cases suggested a
significant increased risk of B-cell NHL in HCV-positive
patients, especially in countries with high prevalence of
HCV infection as Italy [27], Japan, and southern regions
of USA, while studies from areas with low HCV prevalence
did not show any evident association [28]. In 2003, a
systematic review of studies evaluating prevalence of HCV
infection in B-cell NHL [29] was published. In this report, 48
studies (5,542 patients) were identified. Mean HCV infection
prevalence was 13%. In 10 case-control studies examined,
HCV prevalence in B-cell NHL was 17% compared to 1.5%
in healthy controls (odds ratio, OR = 10.8). Therefore, it
was concluded that HCV prevalence in patients with B-cell
NHL is higher than that reported in general population (15%
vs. 1.5%), suggesting a role of HCV in the aetiology of B-
cell NHL. Subsequently, in 2006, an updated metaanalysis
of 15 case-control studies on the association between HCV
infection and NHL demonstrated a pooled relative risk of
lymphoma among HCV-positive subjects of 2–2.5 depending
on study design. Relative risks resulted consistently increased
for all major B-NHL subtypes. The study, indeed, confirmed
that the risk to develop NHL in the context of HCV
infection is most dramatically evident in populations with
high HCV prevalence and that consequently the fraction of
NHL attributable to HCV infection varies greatly by country,
reaching 10% in highly endemic areas.
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Table 1: Clinical pathological studies describing indolent NHL subtypes associated with HCV infection.

Year Diagnosis N◦ pts
N◦ pts tested

for HCV
N HCV+ (%) Genotypes

Cryoglobulinemia,
N (%)

Arcaini et al. [16] 2006 SMZL 309 255 49 (19)
1b (n = 10), 2b (n = 1),

2a/2c (n = 4)
13 (10)

Saadoun et al. [17] 2005 SLVL 18 18 18 (100)
1 (n = 7), 2 (n = 4),
3 (n = 1), 4 (n = 1)

18 (100)

Arcaini et al. [18] 2007 NMZL 47 38 9 (24) NA 2 (14)

Arcaini et al. [19] 2006

MALT-MZL
Skin

Salivary glands
Orbit

Other sites

172
29
32
25
66

172
29
32
25
66

60 (35%)
21 (43)
15 (47)
9 (36)

15 (22)

1a (n = 11), 1b (n = 1),
2a/2c (n = 10)

NA

Ferreri et al. [20] 2006
MALT-MZL

orbit
55 55 7 (13) NA 2 (29)

Paulli et al. [21] 2009
Subcutaneous
MALT- MZL

13 13 13 (100)
2a/2c (n = 4), 2a (n = 2)

2b, (n = 1)
3 (75)

Tedeschi et al. [22] 2009 WM 140 140 21 (15) NA 10 (48)

Arcaini et al. [23] 2011
WM

SMZL
122
98

66
92

6 (9)
25 (27)

NA
NA

0
3

Goldaniga et al.
[24]

2008 B-CLPD 156 113 6 (5) NA NA

SMZL: splenic marginal zone lymphoma; NMZL: nodal marginal zone lymphoma; SLVL: splenic lymphoma with villous lymphocytes; MZL: marginal zone
lymphoma; FL: follicular lymphoma; LPL: lymphoplasmacytic lymphoma; MCL: mantle cell lymphoma; SLL: small lymphocytic lymphoma; NHL: non-
Hodgkin’s lymphoma; B-CLPD: B-cell chronic lymphoproliferative disorders.

The numbers of cases analyzed in these series were too
small to establish a correlation between HCV and specific
histotypes. In the Epilymph [30] case-control study, the sub-
type most clearly associated with HCV infection was diffuse
large B-cell lymphoma, followed by marginal zone lym-
phoma and lymphoplasmacytic lymphoma; however these
results were based on relatively few cases. To obtain a more
robust estimate of the risk to develop specific NHL subtypes
after HCV infection, the International Lymphoma Epidemi-
ology Consortium (InterLymph), based in Europe, North
America, and Australia, performed a pooled case-control
study including in the analysis data of 7 previous surveys
[31]. Overall, among 4,784 cases of NHL and 6,269 controls
matched by sex, age, and study centre, HCV infection was
detected in 172 NHL cases (3.6%) and in 169 (2.7%)
controls. In subtype-specific analyses, HCV prevalence was
associated with diffuse large B-cell lymphoma (OR 2.24),
marginal zone lymphoma (OR, 2.47), and lymphoplasma-
cytic lymphoma (OR 2.57) whereas risk estimates were not
increased for follicular lymphomas (OR 1.02). Moreover,
also retrospective series reported a high HCV prevalence
among patients with marginal zone lymphoma [4, 16–18, 20,
32], lymphoplasmacytic lymphoma, and diffuse large B-cell
lymphoma [33, 34].

4. HCV and Indolent Lymphomas: Clinical and
Pathological Studies

As mentioned above, many well-characterized clinical-path-
ological studies investigated the association of HCV infection
with specific indolent NHL subtypes (Table 1).

4.1. Marginal Zone Lymphomas. Within specific indolent
NHL subtypes, the association with HCV infection has
been best characterized in marginal zone lymphomas. In
the 2008 edition of WHO classification three marginal zone
lymphoma entities were listed [2]: splenic B-cell marginal
zone lymphoma, nodal marginal zone lymphoma, and
extranodal marginal zone B-cell lymphoma of MALT type.
Marginal zone B-cells have been demonstrated to play role
in the immune response to T-cell-independent antigens and
frequently display reactivity to self antigens. Marginal zone
B-cells are involved in various infectious and autoimmune
conditions and marginal zone-related neoplasms often retain
the features of these cells. Many infectious agents are involved
in the pathogenesis of specific types of marginal zone lym-
phomas: Helicobacter pylori for gastric MALT lymphoma [4],
Campylobacter jejuni for immunoproliferative small intestine
disease [35], Borrelia burgdorferi for MALT lymphoma of the
skin [36], and Chlamydia psittaci for MALT lymphoma of the
orbit [37, 38]. In all these cases, eradication of the antigen
after antimicrobial therapy may lead to a regression of the
lymphoma. For example, eradication of Helicobacter pylori
leads to the complete regression of gastric MALT lymphoma
in most cases, and relapse of the lymphoma is anticipated by
the reoccurrence of the infection [4].

Accordingly to this scenario, also chronic stimulation
by HCV may play a role in development of a subgroup of
marginal zone lymphoma cases. The association between
HCV and marginal zone lymphomas is demonstrated by epi-
demiological studies, as previously summarized, and by
clinical-pathological studies of well-characterized marginal
zone lymphoma series. However, the major support to the
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potential causal role of HCV in marginal zone lymphoma-
genesis is represented by the antilymphoma activity of AT
evidenced in a subset of HCV-positive MZL.

4.2. Splenic Marginal Zone Lymphoma. Splenic marginal
zone lymphoma is a rare indolent lymphoma subtype which
accounts for less than 2% of all NHL [39]. In some cases
lymphocytes with villous projections are found in peripheral
blood, and the disease is termed splenic lymphoma with
villous lymphocytes [40, 41]. This entity is considered as the
leukemic counterpart of splenic marginal zone lymphoma
[42]. In almost all patients a symptomatic splenomegaly
is the presenting feature. In a large series, HCV serology
was positive in 49 out of 255 available patients (19%) [16].
Among 56 patients tested for HCV-RNA, 25 (45%) were
positive. Cryoglobulins were detected in 13 out of 130
patients tested (10%).

In 2005, French authors reported a series of splenic lym-
phomas with villous lymphocytes associated with type II
cryoglobulinemia and HCV infection [17]. All 18 patients
had type II mixed cryoglobulinemia, with symptoms of
vasculitis in 13. Clinical symptoms of cryoglobulinemia pre-
ceded the diagnosis of lymphoma in 7 patients (at a mean
time of 3.5 years before lymphoma diagnosis) and were
concurrent in the other 6 patients. The authors concluded
that splenic lymphoma with villous lymphocytes could be
integrated in the spectrum of cryoglobulin-associated B-cell
proliferations, configuring a new clinical entity.

4.3. Primary Nodal Marginal Zone Lymphoma. Primary
nodal marginal zone lymphoma is listed in the WHO lym-
phoma classification as a rare but distinct clinical pathologic
subtype characterized by exclusive primary lymph node
localization in absence of prior or concurrent extranodal site
of involvement. Primary nodal marginal zone lymphoma is
a rare disease accounting for nearly 2% of lymphoid neo-
plasms and is frequently associated with HCV infection with
preferential use of specific VH segments [43]. In a large series
[18], HCV serology was positive in 9 out of 38 patients (24%)
and HCV-RNA was detectable in 4/8 patients studied.

4.4. MALT Lymphoma. MALT lymphomas represent 8% of
all NHL [44–46], behave usually as indolent diseases, and
develop more frequently in middle and advanced age,
with a female predominance [47–50]. Interestingly, some
studies reported an increased prevalence of HCV infection in
unselected patients with gastric lymphoma [51]. In an Italian
multicenter study, data on HCV serology were available in
all 172 cases of nongastric MALT lymphoma [32]. HCV
infection was documented in 60 patients (35%). A total of
22 out of 24 patients tested (92%) had viremia. Interestingly,
three specific MALT lymphoma sites showed an elevated
prevalence of HCV infection: salivary glands (47%), skin
(43%), and orbit (36%). These data, while confirming the
link between HCV infection and salivary glands lymphoma
[52], reveal a possible relationship between HCV and two
other MALT presentations of lymphoma: orbit and skin.
Interestingly, a study on B-cell lymphoma in patients with

Sjögren’s syndrome and HCV infection reported an elevated
occurrence of parotid involvement and a high proportion
of MALT lymphomas with primary extranodal involvement
(exocrine glands, liver, and stomach) [53]. In 2006, Ferreri
et al. found HCV seropositivity in 13% of ocular adnexa
lymphoma of MALT type with a more aggressive behaviour
[20]. Taken together, these data indicate that the typical pre-
sentation of HCV-related MALT lymphomas is constituted
by some well-defined forms with a single and peculiar MALT
localization. At this regard, it has recently reported a series
of 12 HCV-positive patients presenting with subcutaneous
nodules resembling “lipomas” and a typical histology of
extranodal marginal zone lymphoma of MALT [21]. HCV-
RNA was detectable in all 10 patients tested. From a clinical
point of view, it has to be underlined that the clinical benign
appearance of these “lipoma-like” lesions and their indolent
clinical behaviour may result in diagnostic delay.

4.5. Lymphoplasmacytic Lymphoma/Waldenstrom Macroglob-
ulinemia. Beside marginal zone lymphomas, one of the
other indolent B-cell NHL subtypes that has been frequently
associated to HCV infection is lymphoplasmacytic lym-
phoma, a neoplasm of small B lymphocytes, plasmocytoid
lymphocytes, and plasma cells, usually involving bone mar-
row and sometimes lymph nodes and spleen. Waldenstrom
macroglobulinemia is found in a significant proportion
of patients with lymphoplasmacytic lymphomas and is
defined as lymphoplasmacytic lymphoma with bone marrow
involvement and the detection of a paraprotein of IgM type
in the serum. Lymphoplasmacytic lymphoma and Walden-
strom macroglobulinemia have been associated with HCV
infection and mixed cryoglobulinemia in some but not
all series, perhaps related to geographic differences. For
example, while a US series did not find any HCV-positive
cases among 100 untreated patients affected by Waldenstrom
macroglobulinemia [54], an Italian multicentre study [22]
reported 21 HCV-positive cases among 140 patients (15%).
HCV infection was associated to lower counts of platelets,
neutrophil granulocytes, and hemoglobin, and with the
presence of cryoglobulins, splenomegaly, increased LDH,
and β2-microglobulin levels. However, the analyses did
not reveal any difference between HCV-positive and HCV-
negative patients in terms of “disease progression needing
treatment,” “time from diagnosis to first therapy,” and overall
survival. Interestingly, a recent report specifically focused on
the comparison between Waldenstrom macroglobulinemia
and splenic marginal zone lymphoma, found that, despite
some common features, splenic marginal zone lymphoma
displayed a clearly higher association with HCV infection (25
HCV-positive patients out of 92, 27%) than Waldenstrom
macroglobulinemia (6/66 patients, 9%) [55].

4.6. B-Cell Chronic Lymphoproliferative Disorders. Follicular
lymphoma and small lymphocytic lymphoma are low-grade
lymphoma subtypes rarely associated with HCV-positive
infection, as evidenced by the above mentioned epidemi-
ological studies. Interestingly, these findings have been
confirmed by a single institution Bayesian analysis that was
performed to estimate the prevalence of HCV infection
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across the different NHL histologies. This approach was
able to demonstrate the association of splenic marginal
zone lymphoma and diffuse large B-cell lymphoma with
HCV infection, while did not find any correlation with
follicular lymphoma and small lymphocytic lymphoma [56],
thus confirming previous findings of classic epidemiologic
studies. Moreover, this study showed that another disease
entity could be associated with HCV, the so-called “B-
cell chronic lymphoproliferative disorders.” B-cell chronic
lymphoproliferative disorders are defined as the miscella-
neous category of non-CLL leukemic lymphoproliferative
disorders with Royal Marsden Hospital scoring system ≤3
[57, 58] and are often reported also as “low-grade B-NHL
not otherwise specified.” Although one series reported a
low rate of HCV positivity (5%) in CD5/CD10-negative
B-cell chronic lymphoproliferative disorders [24], further
investigations are needed to elucidate this issue, given the
heterogeneity and the small numbers of studies focusing on
this entity now available.

5. Standard Treatment for HCV
Chronic Hepatitis

The goal of AT in HCV-related chronic hepatitis is to prevent
disease complications. This is best accomplished through
virus eradication, defined as sustained virologic response
(SVR), that is, undetectable HCV-RNA by a sensitive
polymerase-chain-reaction- (PCR-) based assay 24 weeks
after discontinuation of treatment. Therapeutic options for
HCV-related chronic hepatitis have improved significantly
since the introduction of interferon monotherapy. The
current standard of care is a combination of pegylated
interferon-α and weight-based ribavirin for 48 weeks for
genotype 1 and 4 and for 24 weeks for genotype 2 and
3. Patients with genotype 2 or 3 respond more favourably
to standard AT, obtaining a SVR in 75–90% of cases,
whereas in genotype 1 and 4 the likelihood of achieving
SVR is considerably lower (45–52%) [59–61]. Recently,
however, the introduction of the HCV NS3/4A protease
inhibitors boceprevir [6] and telaprevir [7], the first two
drugs belonging to a new and promising generation of
direct-acting antiviral agents, has been demonstrated to
dramatically improve SVR rates in genotype 1 patients.
In particular, in genotype 1 treatment-naive patients, the
addition of boceprevir or telaprevir to standard AT increased
the rate of SVR to nearly 65–75%, whereas in relapsers or
nonresponders, the SVR rate improved to nearly 57–86%.

Other new potent protease inhibitors showing promising
activity are currently in late phases of development, as well
as other new upcoming classes of direct-acting antiviral
agents like polymerase inhibitors: their potential combina-
tion seems to herald for the near future the possibility to
obtain highly efficacious interferon-free regimens for HCV
therapy [62].

6. Antiviral Treatment of HCV-Positive
Indolent Lymphomas

As previously discussed, case-control epidemiological studies
and clinical-pathological series evidenced the link between

HCV infection and NHL development. However, the most
convincing evidence to support the causal role of HCV
in lymphomagenesis is the possible regression of indolent
lymphoma after eradication of HCV infection with AT.
Beginning from the seminal work by Hermine et al. in splenic
lymphomas with villous lymphocytes in 2002 [5], data from
literature demonstrate that AT could be considered as first-
line approach in HCV-associated indolent lymphomas when
there is not immediate need of conventional (immuno)-
chemotherapy treatment. Among specific NHL subtypes,
this treatment modality has been more frequently exploited
in marginal zone lymphomas; however other studies have
supported the validity of this approach for all indolent
histologies when associated to HCV infection. In Table 2 we
summarized results of antilymphoma activity of AT with
interferon with or without ribavirin in low-grade NHL.

Conversely, front-line AT is clearly insufficient in HCV-
positive aggressive lymphomas, in which an immediately
active therapy is needed; in these cases AT may be a
rationale recommendation after completion of conventional
immunochemotherapy with the aim to clear a potential
lymphoma trigger.

6.1. The First Experiences. In 2005, a systematic review con-
cerning the efficacy of AT in lymphoproliferative disor-
ders was published [76]. Overall, 16 studies reporting the
employment of an antiviral regimen (interferon with or
without ribavirin) as primary hematologic treatment in
65 HCV-infected patients diagnosed with a lymphopro-
liferative disorder were identified. Complete remission of
the lymphoproliferative disorder was achieved in 75% of
the cases. However, many of these series relied on case
reports of few patients and included also patients with mixed
cryoglobulinemia with evidence of B-cell monoclonality
[77].

Among the studies included in the cited review, the
first experience of a relatively large cohort of patients with
NHL was performed by Hermine et al. in 2002 [5]. In this
report they described the outcome of 9 patients with splenic
lymphoma with villous lymphocytes and HCV infection
treated with interferon-α2b (3 MU subcutaneously three
times a week for six months). Six patients had symptomatic
cryoglobulinemia. Complete hematological remission and
HCV negativity were observed in 7/9 (78%) patients. Two
patients who did not respond were subsequently treated with
interferon plus ribavirin (1,000 to 1,200 mg per day) and
obtained the clearance of HCV-RNA as well as lymphoma
response (one complete remission and one partial remis-
sion). On the contrary, none of 6 cases with SLVL without
HCV infection treated with interferon experienced any grade
of lymphoma regression.

In 2005 a subsequent report from the same group
expanded these results in 18 patients with chronic HCV
infection, mixed cryoglobulinemia, and splenic lymphoma
with villous lymphocytes [17]. All patients were treated with
interferon (+ribavirin in 10). Fourteen patients obtained a
complete hematologic remission after clearance of HCV-
RNA. Two patients had a virologic partial response and
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obtained a complete hematologic response. Two virologic
nonresponders achieved partial hematologic response. Nota-
bly, viral genotype did not seem to correlate with the
response: in fact 4 out of 7 patients with HCV genotype 1,
that is usually associated with poor responses, achieved a
complete lymphoma regression after interferon and rib-
avirin. Interestingly, even for patients who exhibited a com-
plete hematological remission, no molecular response was
evidenced, as monoclonal immunoglobulin gene rearrange-
ment was still detected in peripheral blood after treatment;
however clinical relapses did not occur if viremia remained
negative. Overall, these observations may suggest differences
in oncogenic potential between HCV-driven B-cell clones in
cryoglobulinemia with respect to splenic lymphoma and are
in favour of a model in which a continuous viral stimulation
leads to cryoglobulinemia and, subsequently, in a subset of
patients, to indolent lymphoma.

Another study reported first-line AT with interferon and
ribavirin in 8 HCV-positive patients with different subtypes
of marginal zone lymphoma (4 splenic marginal zone
lymphomas with or without villous lymphocytes, 1 dissem-
inated marginal zone lymphoma, 1 leukemic marginal zone
lymphoma, and 2 intestinal MALT lymphomas); 5 out of 8
patients (60%) obtained a response, which was correlated to
virological response in most cases [70].

Among most robust experiences, an Italian multicenter
study [71] reported results of AT in 13 indolent B-cell
NHL (4 splenic marginal zone lymphomas, 2 primary nodal
marginal zone lymphomas, 2 extranodal lymphomas of
MALT, 4 lymphoplasmacytic lymphomas, and 1 follicular
lymphoma) carrying HCV infection. All patients underwent
AT alone with PEG-interferon and ribavirin, 10 as first line
and 3 as second or third line of therapy. Eleven patients
completed planned treatment, while 2 discontinued it
because of severe adverse effects. Among 12 assessable
patients, 7 achieved complete response, 2 partial response
(overall response rate 75%), 2 had stable disease, and one
progressed during therapy. Hematologic responses resulted
highly significantly associated to clearance or decrease in
serum HCV viral load, as 7 out of 9 achieved SVR, one had
reduction in viremia, and 1 had no change in viral load.
Virological response was more frequent in HCV genotype
2; however, hematologic response did not correlate with the
viral genotype. One of the greatest accomplishment of this
study was the demonstration of the efficacy of AT in a wide
range of HCV-positive low-grade NHL subtypes other than
splenic marginal zone lymphoma, as complete responses
were actually observed without significant differences in all
indolent NHL histologies.

6.2. Recent Studies and Future Perspectives. Recently Mazzaro
et al. [75] reported a comparison of PEG-interferon and
standard interferon (plus ribavirin) as first-line treatment
in 18 patients with HCV-positive low-grade B-cell NHL (1
follicular lymphoma, 1 splenic lymphoma with villous lym-
phocytes, and 16 lymphoplasmacytic lymphomas). Com-
plete responses as well as SVR were higher in the group
treated with PEG-interferon (6/10 patients, 60%) with
respect to the group treated with standard interferon (3/8

patients, 37%). Achievement of hematological response
significantly related to the disappearance of HCV-RNA, as
all patients who experienced SVR developed hematological
CR. In the previously cited study on subcutaneous “lipoma-
like” extranodal marginal zone B-cell lymphoma of MALT
[78], one patient was treated with interferon and ribavirin as
first- line treatment and obtained a rapid virological response
and a partial lymphoma response. Interestingly, another
patient who relapsed 20 months after CHOP therapy plus
radiotherapy was treated with interferon alone for 6 months
and achieved a complete regression of nodules after 1 month
of therapy together with virological response. Eight months
after stopping AT HCV-RNA returned positive and 3 months
later a subcutaneous lymphoma relapse occurred.

In perspective, several lines of future clinical research can
be pursued with the aim to further improve these results.
First, it has to be investigated if the combination of rituximab
and AT tested in symptomatic cryoglobulinemia by Saadoun
and colleagues (rituximab weekly for 4 doses followed by
PEG-interferon weekly plus ribavirin daily for 48 weeks)
[14] is able to obtain a better long-term control of disease
also in indolent B-cell NHL. Second, it has to be tested if
new antiviral combinations with new anti-HCV agents (i.e.,
PEG-interferon and ribavirin plus boceprevir or telaprevir),
that guarantee better rates of SVR in genotypes 1 hepatitis,
could allow to increase the rate of hematologic response
also in patients with more resistant genotypes. Finally, it
has to be explored if future interferon-free regimens with
direct antiviral agents only, could consent the access to AT
also for HCV-positive NHL patients with contraindications
to interferon use, for example because of advanced age,
cytopenias, and/or comorbidities.

6.3. Role of Antiviral Therapy in Aggressive B-Cell Lymphomas.
As previously mentioned, AT seems to be less efficacious than
standard immune-chemotherapy for HCV-positive aggres-
sive lymphomas (diffuse large B-cell lymphoma and mantle
cell lymphoma) with respect to indolent ones. This is
probably related to the lost of antigen dependence resulting
from acquisition of additional mutations that are possibly
responsible of more aggressive behaviour, although anecdo-
tal cases of diffuse large B-cell lymphoma [79] and mantle
cell lymphoma [80] treated with AT and obtaining remission
have been reported. Nevertheless, many researchers have
explored the option to integrate AT in the context of
immune-chemotherapy programs in HCV-positive diffuse
large B-cell lymphomas. Although some rare cases of concur-
rent delivery of AT and immune-chemotherapy with the aim
to prevent or to treat hepatitis flares have been reported [81],
treatment with interferon or PEG-interferon with or without
ribavirin is usually not feasible because of hematologic
toxicity, as showed by a pilot study by Musto and coworkers
in 4 patients with diffuse large B-cell lymphoma [82]. The
same authors explored the option to perform sequential
AT with PEG-interferon and ribavirin for 3 months in
responding HCV-positive patients with diffuse large B-cell
lymphomas after 6–8 cycles of R-CHOP. They found that
this strategy was effective, better tolerated and resulted in
high rate of virus clearance in the first 12 patients treated.



8 Clinical and Developmental Immunology

These preliminary data have been indirectly supported by
a subsequent study that described the outcome of 69 HCV-
positive NHL patients treated with chemotherapy; of them,
25 (14 with aggressive NHL and 11 with indolent NHL)
subsequently underwent to AT and 8 out of 25 achieved an
SVR [83]. None of the HCV-positive patients who obtained
a SVR experienced NHL recurrence, while 29% of the
nonresponders relapsed. Moreover AT resulted associated
with better disease-free survival in multivariate analyses.
These preliminary experiences confirmed that AT is not
feasible in concomitance with immune-chemotherapy in
HCV-positive DLBCL because of an excess of hematologic
toxicity. On the other hand they suggest that a course of AT in
patients in remission after immune-chemotherapy appears
to be an attractive option with the aim to prevent hepatitis
reactivation in view of long-term control of the lymphoma.
However these data have to be confirmed in larger series and
preferentially in prospective manner.

7. Conclusions

In conclusion, anti-HCV treatment with interferon and rib-
avirin seems to be indicated for indolent B-cell NHL sub-
types (in particular of marginal zone type) that not need
immediately conventional immunochemotherapy. The lym-
phoma regression observed in some patients with interferon-
based treatment is strongly in favour of a causative role of
HCV in a subset of patients with indolent NHL. For this
reason, it is likely to foresee that future improvements in AT
may directly result in increase in cure rates of HCV-
associated indolent NHL.
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Low serum level of complement component 4 (C4) that occurs in mixed cryoglobulinemia (MC) may be due to in vivo or ex
vivo activation of complement by the classical pathway. Potential activators include monoclonal IgM rheumatoid factor (RF), IgG
antibodies, and the complexing of the two in the cold, perhaps modulated by the rheology and stoichiometry of cryocomplexes
in specific microcirculations. There is also the potential for activation of complement by the alternative and lectin pathways,
particularly in the setting of chronic infection and immune stimulation caused by hepatitis C virus (HCV). Engagement of
C1q and interaction with specific cell surface receptors serve to localize immune complexes (ICs) to the sites of pathology,
notably the cutaneous and glomerular microcirculations. Defective or saturated clearance of ICs by CR1and/or Fc receptors may
explain persistence in the circulation. The phlogistic potential of cryoprecipitable ICs depends upon the cleavage of complement
components to generate fragments with anaphylatoxin or leukocyte mobilizing activity, and the assembly of the membrane attack
complex (C5b-9) on cell surfaces. A research agenda would include further characterization of the effector arm of complement
activation in MC, and elucidation of activation mechanisms due to virus and viral antigens in HCV infection.

1. Introduction

Mixed cryoglobulins (MCs) are cold-precipitable rheuma-
toid factors (RFs) that are easily identifiable and char-
acterized by immunofixation of cryoprecipitate obtained
from serum carefully collected from blood kept at and
allowed to clot at core body temperature, and then cooled
to 4◦C [1]. Type 2 MCs are almost invariably composed
of monoclonal IgM kappa RF and polyclonal IgG, and it
is the complexing of the two that is a requisite for the
formation of cold-precipitable immune complexes (ICs);
both the IgM heavy-and light-chain variable regions dis-
play a striking clonality that is mirrored in cross reactive
idiotypes (CRIs) as well as mu heavy chain and kappa
light-chain V-region gene usage. Type 2 MCs are heavily
represented among cryoglobulins associated with chronic
hepatitis C virus (HCV) infection, and those found in
patients with primary Sjögrens syndrome, both of which
may be complicated by clonal B-cell proliferations and
specific types (e.g., mucosa-associated (MALT); Splenic) of

non-Hodgkin’s lymphoma [2]. Among patients with type
2 MCs associated with HCV, prominent associations with
extrahepatic disease manifestations such as leukocytoclastic
vasculitis, arthropathy, neuropathy, and membranoprolifer-
ative glomerulonephritis have been found in multiple series.
Complement abnormalities were described in early series
of “essential mixed cryoglobulinemia” [3], and type 2 MCs
are likely to have a striking complement profile notable
for normal or low levels of component 3 (C3) and often
undetectable levels of component 4 (C4); the latter (Figure 1)
provides a “signature” which may in fact be used to anticipate
the presence of significant (>1 mg/mL) amounts of type
2 cryoglobulin in blood [4]. The purpose of this paper is
to update older information with regard to complement
measurements in type 2 MC, with particular attention to the
various effects of HCV infection and the central role of RF.

2. The Complement System

The complement system comprises 30 serum and cell-
surface proteins tightly regulated to respond to activators
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Figure 1: C3, C4, and factor Bb levels determined by hemolytic
assay in patients with type 2 MC (4).

by three independent pathways (classical: CP, alternative,
AP, and Mannan-binding lectin: MBL), evolved primarily
to recognize and destroy pathogenic microorganisms [5].
Temperature-dependent activation of both CP and AP in
vitro has been reported among mixed (IgM-IgG, IgM-
lipoprotein) and monoclonal (IgG) cryoglobulins. Activa-
tion of AP has been correlated with the presence of IgA in
mixed cryoglobulins and with an IgG3 monoclonal cryo-
globulin occurring in a patient with membranoproliferative
glomerulonephritis [6]. The selective depression of C4 noted
in type 2 MC implicates the CP and is reflected in an
extended serum profile, which includes variably low levels
of C1q and C2, normal levels of factor Bb (Factor 1), and
elevated levels of MBL; C3 levels may be normal, except
in patients with severe disease manifestations (glomeru-
lonephritis, neuropathy) [7]. In HCV-associated MC, this
profile (a) correlates inexactly with the level of cryoglobulin
and titer of RF, (b) may occasionally be found in the absence
of a detectable cryoglobulin, (c) may occur in the absence
of RF in the serum supernatant after cryoprecipitation, (d)
correlates only poorly with symptomatology in serial studies,
and (e) may persist with cryoglobulinemia after apparent
clearance of the virus [8–10]; these observations suggest a
complexity of pathways to C4 depletion extending beyond IC
activation and HCV infection. The mechanism responsible
for the selective depression of C4 remains unclear; whereas a
novel control mechanism involving Cb-binding protein (C4-
bp) and C3b inactivator was implicated in one early study
[11], this was not reflected in the levels of C4-bp in sera
of patients with MC [12]. Whether cryo-RF might interfere
with complement activation at the level of C3 has not been
addressed.

3. Rheumatoid Factors

Rheumatoid factors are IgM antibodies with specificity
largely for the Fc portion of IgG; potential triggers to
mRF production include (a) direct infection by virus, (b)
chronic antigenic stimulation by ICs, (c) stimulation in the
form of repetitively arranged epitopes on viral particles, or
(d) molecular mimicry. Early studies suggested additional
reactivities of MC IgM with idiotypic determinants in the
F(ab’)2 of MC IgG, possibly reflecting the fact that in MC
the IgG is reactive with viral antigens [13], some of which
can also be demonstrated within the cryoprecipitates [6].

ICs containing IgG and IgM isotypes are well known to be
activators of the CP, providing several mechanisms by which
C1q binding to the CH2 domain of IgG, and/or to the CH3 or
CH4 domains of IgM may occur in MC [5]. RFs in type 2 MC
are distinct from those found in rheumatoid arthritis (RA)
with regard to virtually universal cold perceptibility, clonality
(CRIs and skewing of V-region gene usage), and in that the
antiglobulin activity is unique to the IgM isotype [14]. Direct
activation of complement by locally produced RF-containing
ICs has been well demonstrated in the joint space of patients
with RA, resulting in depression of C4 [15], but has not
been found in serum, except for a small number of patients
with very severe (and likely overlap) disease, characterized by
recurrent infections [16]. By contrast, serum levels of C4, and
more specifically C3, may be elevated in serum of patients
with RA by virtue of their being acute-phase reactants
(APRs), a phenomenon that has also been described in HCV
infection, and used to monitor efficacy of treatment [17];
elevation of complement component APRs might mask more
subtle activation due to ICs in the circulation unless specific
cleavage products (e.g, C3b and C5a) are also assayed.

MC formation provides a fertile substrate for in vitro
and, by extension, potential for in vivo, complement acti-
vation. Both IgG and IgM may be recognized by the
globular heads of C1q, which has been identified as a
constituent of cryoprecipitates in some studies. Although
binding of C1q to monomeric IgG in cryocomplexes might
be anticipated to be offset by more effective binding to
IgM, this could be mitigated by clustering of IgG in the
ICs, complex formation of IgG with viral antigens, and
increased representation of the IgG3 subclass, which is
known to be most effective for CP activation [5, 6]. An
additional factor might be the stoichiometry of IgG and
IgMRF in the ICs, which has been reported to influence
in vitro cryocomplex formation. Among IgM-IgG mixed
cryoglobulins, fractionation experiments have established
that the majority of anticomplementary activity is associ-
ated with IgM RF; in mixing experiments of dissociated
and purified IgG and IgM from two patients with HCV-
associated type 2 MC, the bulk of complement activation
appeared to localize to the IgMRF constituent (Figure 2).
Nevertheless, in vitro studies indicated that IgM RF/IgG
immune complexes may not fix C3 and C4 efficiently in spite
of fluid-phase activation [18], and appear to bind poorly to
erythrocyte complement receptor 1 (CR1; CD35), the most
abundant C3b/C4b receptor in blood [19]. A mechanism for
activation due to MBL-MASP2 binding to underglycosylated
RF, or direct activation by HCV RNA, has not been formally
tested. Since the valence of IgM is five, in spite of the
potential for 10 antigen binding sites, it seems possible that
the stoichiometry of cryocomplexes might be influenced
by the binding affinity for determinants on the IgG, the
aggregation state of IgG, specificity for other components of
the cryocomplex, cold-related aggregation, and the rheology
of specific microcirculations such as exists in the skin and
the afferent arterioles of the glomeruli, where increased
protein concentration and skin temperatures significantly
below core levels might facilitate the occurrence of such
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Figure 2: Total hemolytic complement activity was determined after reconstitution of varied molar ratios of separated IgM and IgG from
two type 2 cryoglobulins (Vi; Bu). Separated IgM was 100% monoclonal IgMk with RF activity; the IgG fraction had immunoblot reactivity
to multiple HCV linear antigens. Isolated cryoglobulin was significantly (40 and 60% total serum RNA by RT-PCR) enriched in HCV RNA.
Separated IgM and IgG fractions were mixed at 37 and cooled O/N to 4 C. Results are compared to control IgG and IgM, the latter from
a patient with Waldenströms macroglobulinemia without RF activity. Both cryoglobulins were obtained from patients chronically infected
with HCV, with active cutaneous vasculitis and membranoproliferative glomerulonephritis. (courtesy of Dr. B. Ghebrehiwet).

molecular events and cell interactions, thus allowing more
robust complement activation at the sites of pathology [20].

4. Cold-Dependent Activation of
Complement (CDAC)

In sera manifesting CDAC, a similar profile of low CH50

and hemolytic C4 with normal hemolytic C5-C9 is seen at
4◦C, with normal values being obtained in EDTA-treated
plasma and in serum kept at 37◦C. First described as an in
vitro phenomena in occasional sera [21], it was subsequently
shown to be prominently associated with HCV infection,
and not with cold-associated symptomatology (raynaud or
acrocyanosis). It does, however, correlate with the degree of
liver damage and inversely with a response to treatment with
interferon-alpha. In contradistinction to cryoglobulinemia,
C1q and C4 antigenic levels are normal in CDAC. Cryopre-
cipitates (cryoglobulins or cryofibrinogens) are usually not
found. CDAC may be consequent to HCV-antibody-mRF
complexes with differing stoichiometry [22, 23]. CDAC,
RF, cryoglobulinemia, and elevated levels of IgM-containing
ICs are all prevalent in HCV infection. Dissociation of the
thermal properties of cryoprecipitation and complement
activation has been noted in specific instances in which it has
been studied.

5. Constituents of Mixed Cryoglobulins

Early studies of mixed cryoglobulins associated with severe
RA provided the first indication that as much as one
quarter to one-third of the cryoprecipitable material was
nonimmunoglobulin [24]. In HCV-associated MC, other
constituents include C1q, C-reactive protein (CRP), HCV
antigens, and molecules of the lectin complement pathway
(MBL and MBL-associated serine protease-1), the latter
associated with membranoproliferative glomerulonephritis
[7, 25]. Though the quantitative contribution of these
other components has not been determined, they provide
alternative routes for activation of complement via the CP

or MBL, for example, activation of C1q by CRP in the
presence of phosphocholine produced by apoptotic cells.
Although most of the demonstrable reactivity to HCV
antigens in MC appears to reside in the IgG fraction [26], the
possibility remains that significant antibody activity—and by
extension anticomplementary activity—to conformational
antigens (i.e, envelope proteins; encapsulated or unencapsu-
lated virus) might be retained in the IgM RF fraction [27].

6. Phlogistic Potential of Mixed Cryoglobulins

The ability of cryoaggregates to generate vasoactive sub-
stances and proinflammatory mediators to produce tissue
lesions is suggested by elevated levels of complement frag-
ments with anaphylatoxin activity (C3a, C5a) in serum,
as well as the ability of isolated cryoproteins to activate
basophils, cause platelet aggregation, and interact with
kallikrein-kinin in vitro [6]. In addition, C5a is a potent
chemotactic factor that might be responsible for the influx
of inflammatory cells to the site of complement activation.
Direct activation of C1 by kallikrein provides an independent
mechanism for activation of both the CP and AP separate
from a role for ICs in MC [5].

7. Defective Clearance of Cryoglobulins

C1q binding has been used as an assay for the identification
of both cryoprecipitable and noncryoprecipitable ICs in
the sera of patients with MC [28]. Defective clearance
of cryoglobulinemic ICs by Fc receptor-mediated mecha-
nisms correlates with persistence in the circulation, and
the clinical manifestations of nephritis and neuropathy [4];
cryoglobulin-induced cytokine production via Fc gamma IIa
ligation in MC has been proposed as a mechanism for the
generation of TNF-alpha and IL-10, and for the growth of
malignant B-cells in this disorder [29]. Similarly, decreased
erythrocyte CR1/CD35 (receptor for C3b and membrane
cofactor protein) in both MC and chronic liver disease has
been linked to deficient reticuloendothelial system (RES)
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clearance, defective cleavage of C3b and C4b, and discor-
dant complement activation at different concentrations and
temperatures of RF [19, 30]. CR1 numbers were decreased
when peripheral blood erythrocytes were analyzed with a
monoclonal antibody to this receptor. Defective immune
adherence and elimination of other ICs, such as hepatitis
B surface antigen/antibody, may lead to trapping in tissues,
resulting in clinical vasculitis or nephritis. Inhibition of
neutrophil and monocyte chemotaxis, as well as bactericidal
function, has been attributed directly to the effects on
these cells of cryoprotein constituents and may relate to an
increased incidence of infections in some patients [31].

8. Hepatitis C Virus and Complement

The detection of HCV core antigen in cryoprecipitates has
been linked to the presence of unencapsulated nucleocapsid
particles as a constituent of MCs [27]. A receptor for the
globular head of the C1q molecule (gC1q-R) appears to be
a natural ligand for HCV core antigen [32]. The structural
similarity between HCV core antigen and C1q may explain
the presence of cross-reactive anti-C1q in HCV-associated
MC [33]. MCs provide a platform for the formation of
qC1q-R-HCV core complexes, and their localization to sites
of vasculopathy, where they might bind to receptors on
endothelial cells, as demonstrated by immunohistology [34].
Anti-C1q and anti-CRP antibodies have been linked to
disease severity, and to autoimmunity in HCV infection
[33, 35]. In addition to CP activation, the binding of MBL
to HCV envelope glycoproteins E1 and E2 [36] might lead
to activation of the lectin pathway due to homology of
MBL to C1q, resulting in cleavage of C4 and C2 following
interactions with MBL-associated proteases [5]. This has
been corroborated in immunohistological studies of HCV-
associated membranoproliferative glomerulonephritis [7].
An alternative mechanism for the depression of C4 and
perhaps C3 has been provided by the demonstration of the
ability of HCV viral proteins to regulate synthesis of C3 and
C4 via specific transcriptional repression [37, 38].

9. Membrane Attack Complex (MAC)

The MAC is dependent on the cleavage of C5 into C5a
and C5b leading to the assembly of C6–9 and lytic activity
targeting membranes at the site of tissue pathology. Rela-
tively little information has been accumulated to implicate
terminal complement activation and the generation of MAC
in tissue lesions associated with extrahepatic HCV infection.

10. Discussion

The low level of C4 characteristic of some sera from patients
with type 2 MC may be due to activation and cleavage,
clearance abnormalities, or reduced synthesis. Activation
may proceed via the CP, AP, or MBL pathways, masked
by the increased synthesis of this APR due to the inflam-
mation of liver damage and/or IC disease. Activation may
be consequent to the IgM RF and/or IgG fractions of

type 2 MC, complex formation, and other constituents of
cryoprecipitates, including HCV viral antigens, viral RNA,
and CRP. Cryoglobulin formation provides a marker for the
persistence of ICs in the circulation of affected individuals, as
well as for the development of occlusive and/or inflammatory
vasculopathy, particularly in the skin. Persistence of ICs
may result from defective or saturated clearance mechanisms
involving complement (CR1 and other), immunoglobulin Fc
(RIIa and other), and/or C1q (gC1qR and other) receptors.
Tissue damage due to complement activation requires the
generation of fragments with anaphylatoxin (C3a, C4a, and
C5a) and leukocytosis mobilizing (C3d and C3e) activity,
and the engagement of their specific receptors; it is reflected
in footprints for the assembly of the MAC complex at sites of
tissue injury. Lastly, polymorphisms of proteins that tightly
regulate the complement system might be interrogated to
determine the environmental and genetic determinants of
complement abnormalities characteristic for type 2 MC
[39, 40].
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Hepatitis C virus (HCV) is a positive, single-stranded RNA virus, which has been associated to different subtypes of B-cell non-
Hodgkin lymphoma (B-NHL). Cumulative evidence suggests an HCV-related antigen driven process in the B-NHL development.
The underlying molecular signature associated to HCV-related B-NHL has to date remained obscure. In this review, we discuss
the recent developments in this field with a special mention to different sets of genes whose expression is associated with BCR
coupled to Blys signaling which in turn was found to be linked to B-cell maturation stages and NF-κb transcription factor. Even
if recent progress on HCV-B-NHL signature has been made, the precise relationship between HCV and lymphoma development
and phenotype signature remain to be clarified.

1. Introduction

In the early 2000s, a large body of experimental and epi-
demiological evidence established an association between
B-cell non-Hodgkin lymphoma (B-NHL) and hepatitis C
virus (HCV). Epidemiological studies demonstrated that
HCV-related type-II mixed cryoglobulinemia herein named
(MC), a B-cell lymphoproliferative autoimmune disease,
favor lymphoma progression [1]. Approximately 1 of 20
instances out of B-NHLs in Italy may be attributable to HCV
[2, 3]. HCV incidence was found to be higher in the south
and on the islands [3]. The burden of clinically relevant
HCV-positive cases in Italy is on the decline [4].

As of today, the precise mechanism of lymphoma onset
remains unclear. HCV has been demonstrated to infect B-
cells but the level of replication is low and is only demon-
strated in a few cases. The mechanism of B-cell tropism
remains elusive, and cell cultures producing HCV are limited
[5–7]. Alternatively, though not necessarily in opposition,
cumulative evidence supports a role of HCV as an etiological
agent for indirect stimulation of specific B-cells, resulting in
progressive clonal expansion of B-cells [8–10].

The incidence of cryoglobulinemia and indolent HCV-
related B-NHL decreases after HCV eradication, data rein-
forcing the suggestion of a contribution of chronic antigenic
stimulation to the physiopathologic process of HCV B-NHLs
[11–13].

Clinically, HCV has been associated with different his-
totypes of B-cell B-NHLs which are indistinguishable from
typical B-NHL, except for the presence of HCV, the coexis-
tence of liver disease, and the presence of cryoglobulinemia.
Because indolent HCV B-NHLs are currently considered a
progression of MC related to HCV infection, they are treated
in the same way as MC with antiviral therapy (such as pegy-
lated interferon and Ribavirin) [14, 15]. New approaches,
such as anti-CD20 monoclonal antibody, have also been
proposed alone or in addition to antiviral treatment [11, 16].
HCV-B-NHL has been treated like other lymphomas when
symptomatic.

The strong association between HCV infection and B-
NHLs has lead to search for molecular signatures that can
predict patients’ characteristics, enhance understanding of
biological mechanisms of lymphomagenesis, and could have
diagnostic/clinical usefulness.
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This paper takes into account gene expression profiling,
characterization of B-cell maturation stages, experimental
antigen-induced B-cell growth, and immunoglobulin secre-
tion as well as immune-regulatory molecules involved in
these processes, which, taken together, provide powerful
means to better define HCV-lymphoma entities. Despite
these studies, the identification of the molecular signature
of HCV-B-NHLs is not completely defined yet and we
underscore the need for further studies.

2. HCV + B-NHL Histotypes

HCV infection has been associated with different histotypes.
Splenic marginal zone lymphoma (SMZL) is a rare low-
grade B-cell lymphoma (less than 1% of all B-NHLs) but is a
commonly found characteristic of HCV infected population,
they develop it in about one-third of cases [17, 18]. SMZL
displays a strongly homogeneous signature implying the
existence of a single molecular entity [19]. Phenotypically,
SMZL is usually negative for CD10, CD23, and CD123.
They coexpress IgM and IgD, with surface immunoglobulin
light chain restriction. Of the genes deregulated in SMZLs,
special mention should be made for the genes involved in
BCR signaling, tumor necrosis factor signaling, and NF-κB
activation [20–22].

A higher prevalence of HCV positivity was also observed
among lymphoplasmacytoid/lymphoplasmacytic/immuno-
cytoma and diffuse large cell histotypes than among HCV-
negative counterparts [18]. In primary hepatic lymphomas,
mainly of DLBCL type, the prevalence of HCV infection is
again higher than that in the HCV-negative population [23].

3. B-Cell Receptor

It has been previously demonstrated that the B-cell receptor
(BCR) repertoire expressed by clonal B-cells involved with
HCV-associated MC as well as with B-NHL is not random,
with VH1-69 and VH3 heavy chain and VK3-20 and VK3-
15 light chain genes being the most represented [9]. These
data suggest a model of antigen-driven origin for these
lymphoproliferative disorders with the recognition of a
limited number of HCV antigens, that is, NS3 [24], E2
[9, 25], and indirectly core-antibody complexes [26, 27].
Moreover, core antigens are proposed as responsible for
vascular damage [28] and NS3 antigen as responsible for
membranoproliferative glomerulonephritis [29, 30].

4. Pauciclonality of Peripheral
B-cells in Both Resolved and
Chronic HCV-Infected Patients

Pauciclonality of the peripheral B-cell population is a
characteristic of HCV-infected patients with MC and/or
B-B-NHL [31, 32] and is also a distinguishing feature of
subjects who spontaneously resolved HCV infection even
though they did not present any clinical manifestation
of lymphoproliferative disease [33]. The most important

difference between expanded B-cells of resolved and chron-
ically infected patients has been shown in the B-cell
CD27− subpopulation. B-cell clones from patients who
are spontaneously resolvers preferentially used similar VH,
DH, and JH gene segments compared to blood samples
from healthy donors, but with a different frequency of
the usage of some gene segments with respect to patients
with chronically evolving HCV infection (mainly the VH1-
69 gene) and higher antigen selection, as shown by the
number and characteristics of somatic mutations [33]. CD27
expression has been used to distinguish between memory
and naive B-cells in humans; however, low levels of mutated
and isotype-switched CD27− cells, typical of a mature B-
cell, are also seen in healthy individuals [34]. The atypical
enrichment of VH1-69-positive cells in the CD27− B-
cell compartment in resolved individuals with respect to
chronic HCV-infected patients suggested an accumulation
of these “VH-designated” B-cells in these patients [27].
Reported data did not discriminate between the CD27− B-
cell subtypes; therefore, it is impossible to distinguish specific
B-cell subtype(s) associated with HCV resolvers as of today.

On the other hand, VH1-69+ cells are associated with
mature CD27+ clonal B-cell in HCV-infected patients with
MC or B-NHL [31, 35]. Data suggests that MC or B-NHL
malignant B-cell clones may develop from VH+ CD27− B-
cell subtypes involved in HCV clearance [33].

5. Cluster of Differentiation for HCV-B-NHL
B-Lymphoid Cells

In recent years, it was clearly demonstrated that CD27 is
not a universal marker of memory B-cells in human; in
fact, its expression distinguishes between different subsets of
memory B-cells, and CD27 expression occurs in a distinct
developmental fashion of CD27 negative B-cells [34, 36].
Naive and resting B-cells usually do not express CD27, but its
expression can be induced by activation of B-cells, resulting
in sustained expression over long periods of time. The CDR-
H3 repertoire of the CD27− cells is significantly different
from the CD27+ cells, indicating that perhaps the lack of a
CD27 molecule might be related to binding properties of the
immunoglobulin CDR-H3 region [34].

An accumulation of “atypical memory” CD27− B-
cells has been described in chronic diseases such as in
HIV-infected viremia [37, 38], in plasmodium falciparum-
infected patients [39], in individuals from malaria endemic
area [40], and in patients with autoimmune diseases such
as systemic lupus erythematous (SLE) [39] and rheuma-
toid arthritis [41]. Therefore, an accumulation of mem-
ory CD27− cells is a characteristic feature occurring in
several chronically infectious and autoimmune diseases.
One hypothesis is that the CD27− memory compartment
contains B-cells assigned to produce antibodies to counteract
some infections, while at the same time, this compartment
also contains autoreactive B-cells. Memory CD27− B-cells
hamper the development into antibody-secreting plasma
cells through decreased levels of stimulatory molecules and
an increased levels of inhibitory molecules expression [34,
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36, 39, 42]. Thus, it is suggested that these B-cells become
“exhausted” after extensive proliferation driven by microbial
antigens. This action should reduce the negative effect of
autoreactive antibodies, but by the same mechanism should
favor the achievement of a chronic infection due to a
reduction in the titer of efficient antibody production.

With regard to HCV-infection, while HCV resolvers
showed an accumulation of VH1-69 CD27− B-cells com-
pared to HCV-chronic patients [33], in MC condition a
reduced number of naı̈ve B-cells (CD27−, CD21+, and
CD10−) due to an increasing sensitivity to undergo apopto-
sis was found [43]. Conversely, in MC, Holz et al. evidenced
an expansion of both the T2 immature transitional B-
cell subset (CD27−, CD21+, and CD10+) and an increase
of activated B-cells (CD27+, CD21−, and CD10−) which
showed apoptotic resistance [43]. The activated B-cell subset
predominantly expresses the VH1-69 segment, suggesting
that this B-cell population has to induce the MC disorder
[31, 35, 44]. Eradication of HCV with peg-interferon
therapy, is associated with a decrease in the number of
these last B-cells, but the authors showed that marginal
zone-like counterpart (VH1-69, IgM+, CD27+, CD21+,
CD11c−), they hypothesized that is was an ancestor of
activated B-cells (CD27+, CD21−), may persist after viral
eradication and thus should maintain the autoimmunity
[45]. Moreover, B-cell depletion using Rituximab treatment
for patients who failed antiviral therapy [11] highlights
the relationship between clinical MC response and the
restoration of T1/T2 transitional immature B-cell ratios by
a reduction of the T2 B-cell proliferation, underscoring an
important role of this B-cell population in MC pathogenesis
[43].

Clonal B-cells from patients with HCV-related B-NHLs
had similar mature CD27+ immunophenotype to MC, but
in these cases the mechanism of B-cell homeostatic is broken
and B-NHLs histotype was heterogeneous.

Lymphoplasmacytoid. Lymphoma is a low-grade B-NHL,
involving the spleen, bone marrow, and lymph nodes. It
produces cryoglobulins and may originate from B-cells that
have bypassed the germinal center. Among these B-NHLs,
the most typical form associated with HCV infection is
the splenic lymphoma. Lymphoplasmacytoid can transform
to diffuse large B-cell lymphoma (DLCBL) and originate
from memory marginal zone-like B-cells, predominantly
IgM+ IgD−, mutated IgVH, CD10−, CD5−, and cyclin
D1−. When the neoplastic cells circulate in the peripheral
blood they are termed villous lymphocytes due to their
characteristic appearance [17].

DLCBL. DLCBL is the most common type of aggressive
lymphoma with frequent extranodal involvement, and its
immunophenotype and genetic features are variable and
often aberrant. Primary hepatic DLCBL also shows a high
prevalence of HCV infection. Since HCV primarily affects
the liver, these data underscore the increase risk of lym-
phomagenesis following HCV infection in [23].

6. Genetic Alterations and BLyS/BAFF
Expression in HCV-B-NHLs

The exact process for altered B-cell homeostasis in HCV-
B-NHLs is not yet understood, although accumulation of
several genetic anomalies has been highlighted. In particular,
trisomy 3q [46] and possibily a higher human telomerase
gene (TERC) at 3q23.3 copy numbers were observed in
HCV-associated NHL than in HCV-positive patients [47].
Moreover, polymorphisms in oxidative stress genes [48];
deregulation of NF-κB, BCR and TLR pathways in splenic
marginal zone lymphomas have also been reported [22, 49].
T(4; 18) translocation involving the Bcl2 gene has also been
hypothesized, but this translocation has been found only in
some cases, mainly of MALT histotype (lymphoma involving
the mucosa-associated lymphoid tissue) [50].

Several pieces of evidences suggest an important role
of B-lymphocyte stimulator factor (BLyS), a TNF family
member also known as B-cell activating factor (BAFF)
which is expressed in B-NHL and MC [51–53]. The pro-
tein is a potent coactivator of immunoglobulin produc-
tion. Transgenic mice overexpressing BLyS develop B-cell
hyperproliferation together with the production of high
levels of immunoglobulins like IgM, rheumatoid factor, and
cryoglobulins [54]. BLyS typically activates NF-κB, JNK,
and ERK pathways that in turn lead to B-cell survival,
proliferation, and differentiation (Figure 1). BCR signal gen-
erates the canonical NF-κB signal and in some B-cell stages
upregulates expression of NF-κB2 genes, resulting in the
production of p100 protein [55]. BLys-receptor activation
provides an accumulation of p52 protein deriving from p100,
which activates NF-κB by the noncanonical pathway [56]
(Figure 1). BLyS also plays a role in Ig class switching in
mature B-cell differentiation [57].

7. Maturation of B-cells Is
Controlled by BCR/BLyS Interaction

A strong association between high level of BLyS and cryo-
globulinemic syndrome is now clearly confirmed.

High expression levels of BLyS are known to increase
the survival of positive selected immature bone marrow
B-cells (IgM+, CD23−), regulate peripheral/spleen T2/T3
transitional stages, and improve survival of follicular/splenic
mature B-cells [55, 58]. BLyS may induce B-cell proliferation
in bone marrow only when acting together with anti-IgM
(Figure 2). Several studies also found that BCR ligation
upregulated BLyS-receptor expression in transitional T2 and
mature B-cells. Conversely, the FcγIIB receptor, a receptor
for the Fc fragment of IgG immunoglobulin, present on B-
cells, abolishes the effect by reducing the expression of BLyS-
receptor levels [27, 59]. It is hypothesized that alteration in
the homeostasis of B-cells development, including autoreac-
tive B-cells, may be caused by excessive levels of BlyS [51, 60].

Recently, it has been suggested that physiologically BLyS
steady-state concentrations may be under the feedback
control of a number of B-cells present in the individual
and BLyS-receptors on various amounts on B-cell surfaces
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Figure 1: NF-κB members and NF-κB signaling. The NF-κB family is composed of five related transcription factors: p50, p52, RelA (p65),
c-Rel, and Rel-B. These transcription factors are related through homology domains in which they form homodimers and heterodimers
that bind NF-κB DNA sites, thus modulating gene expression. P50 and p52 are derived from p105 and p100 precursors, respectively. NF-
κB is silenced by interactions with inhibitory IkB family members in the cytoplasm. There are two NF-κB signaling pathways known as
the canonical pathway (or classical) and the noncanonical (or alternative) pathway. In both pathways, IkB kinase is activated and induces
proteasomal degradation of the IkB inhibitor, thus allowing the translocation of the transcription factor subunits into the nucleus and
induce transcription of target genes. BCR crosslinking provides the canonical NF-κB signal and p100 production, while BLys receptor induce
accumulation of p52, a protein deriving from p100 that activates NF-κB 2 via the noncanonical pathway.

that both bind and then subtract BLyS molecules from
the serum [61]. BLys is necessary for B-cell survival and
proliferation; therefore, when the number of B-cell decreases,
BLys concentration increases and vice versa, thus preserving
the stead-stay level of B-cells in the peripheral blood.
Moreover, it was found that transitional and naive IgD+
CD27− B-cells require more BLys-induced survival signals
than the CD27+ switched memory or marginal zone-like B-
cells [62]. This effect has been ascribed to a difference in
BLyS receptor family expression in immature, transitional,
and antigen-experienced mature B-subsets. BLyS binds three
receptors: transmembrane activator and calcium-modulator
(BCMA), cyclophilin ligand interactor (TACI), and BR3
(BLyS receptor 3), with decreasing affinity for BLyS in the
following order: BR3 > TACI > BCMA [63, 64]. BR3 was
first observed in immature B-cell; after antigen-encounters,
a shift from BR3 to BR3 plus TACI expression occurs, while
BMCA is present only during plasma cell differentiation [64,
65]. BLyS receptor should then regulate B-cell maturation
acting on different NF-κB pathways (TACI-receptor activates
canonical NF-κB pathway, while BR3 receptor activates NF-
κB only through noncanonical signaling (Figure 1)). As a

consequence, different subset of B-cell competes for BLyS
molecules regulating the quantity of B-cells in each subset.
This model of BLyS/B-cell interaction is strongly supported
in X-linked agammaglobulinemia patients and in several
animal models where mature Blys-receptor+ B-cells were not
generated, and where soluble BLys levels were then found
higher than that in healthy controls while in other genetically
defined primary immunodeficiencies, patients who show
switched BlyS receptor positive memory B-cells, have normal
BlyS levels [61].

HCV B-NHLs are almost always transitional/activated
IgM+ K+ B-cells [9], a characteristic shared between
some immature and mature B-cells which have not yet
accomplished immunoglobulin switching. In bone marrow,
immature B-cells with BCR receptor reactivity (including
self-molecules reactivity) below the threshold induce a neg-
ative selection survive and proliferate when BLyS-receptors
expression is associated with high IgM expression (Figure 2).
Immature transitional B-cells require both a tonic BCR sig-
naling for survival and proliferation [66] and BLyS receptors
expression [67], whose expression is in turn regulated by
the BCR signal itself [64, 68]. Thus, in immature B-cells,
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Figure 2: A model of BCR/BLyS interaction of immature B-cells to transitional B-cells. In bone marrow, weak BCR linkage of immature
B-cells induces BLyS-receptor expression and a down-expression of RAG-2, an enzyme involved in BCR editing. In addition, immature
B-cells can be rescued from the negative selection of the BCR signaling apoptotic pathway. After a functional (but not strong self-reactive)
BCR editing is accomplished. In case of high BLyS level, some weak self-reactive B-cells (weak BCR/antigen affinity) can be developed into
T-transitional immature B-cell stage.

the apoptosis was induced by a strong BCR-crosslinking that
generated a BLyS-receptor downregulation, while in tran-
sitional mature B-cells, BCR-crosslinking was accompanied
by BLyS-receptor upregulation and B-cell proliferation. It is
proposed that high levels of serum BLyS may rescue weak
self-reactive B-cell clones that usually die at the transitional
stage from apoptosis [58].

It has been well documented that in the general pop-
ulation BLys mediated signaling is involved in the survival
and proliferation of some B-NHLs [69], with a different
effect on BLyS response related to different stage on mature
B-cell malignancies [70]. Unlike normal B-cell counterpart,
most B-NHLs express BLyS in an autocrine fashion and/or
present mutation in the cytoplasmatic region of the BLyS
receptor [71]. With regard to HCV-B-NHL, as well as MC,
an increase in BLyS levels was found. Although a long-
term production of BLyS molecules in response to chronic
infections and inflammation cannot be excluded, a BLys
autocrine production and/or BLyS receptor mutation should
be possible. Studies are required to elucidate this question.

8. Immune Response against the VK3-20
Protein and Shift in TH2 Immune Response

Dendritic cells (DC) are the most powerful cells that process
antigen material and present it on the surface of other
cells of the immune system; they also play an important
role as part of the immune regulatory network. Depending
on their lineage (myeloid or plasmacytoid: CD11, CD83,

CD86, and HLA-DR class-II markers) and stage of differen-
tiation and activation (CD40 and CD80 markers), dendritic
cells may either promote a strong T-lymphocytes-mediated
immune response or an anergic state. The frequency of
mDC and pDC, along with the expression of CD40 and
CD80 markers, indicate the capacity of recombinant VK3
light immunoglobulin to specifically induce DC activation
and maturation in healthy subjects as well as in HCV-
positive patients [72]. Buonaguro et al. also observed a
poor monocyte activation and maturation [72]. In vitro,
BCR stimulus of mature peripheral B-cells only (CD19+
and CD27+) yielded a significant increase in expression
of activation markers CD80 and CD86, even though the
trend for CD86 is not significant on B-cells of HCV-infected
patients as compared to healthy control subjects [73].
Moreover, after VK3 stimulation, a higher production of
TH2 cytokines (IL-6, IL-4, IL-10, and TNF-α) was observed
in HCV-positive patients. A shift in TH2 cytokine expression,
characterized by an elevated production of some cytokines,
had already been reported in other chronic infections such
as HIV, Helicobacter pylori and other virus-related diseases
[74, 75]. On the other hand, patients with MC have increased
levels of TH2 cell-derived cytokines, that is, IL-2 and IL-
5 [76]. Therefore, it is suggested that the TH2 immune
response, by means of T-cell-dependent B-cell stimulation,
may promote autoantibody production, MC disease, and B-
NHL.

Recent studies propose a crosstalk between TH2 cytoki-
nes production and abnormal B-cell activation. The results
of these studies indicated an association between HCV and
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suppressors of cytokine signaling (SOCS), which negatively
regulates the cytosol-to-nuclear JAK-STAT signaling which
ultimately induces interferon signaling and apoptosis of the
cell [77–79]. However, how cytokines might be involved in
the development of B-cell clonal expansion, mixed cryo-
globulinemia, and B-NHL in patients who are chronically
infected with HCV still remains unknown.

9. HCV-Positive B-NHL Showed Restricted
Combination of HLA Class-II Genes

Immune complexes may be internalized in B-cell through
BCR-ligation, then processed and presented in the context
of HLA class-II molecules to T-cell costimulation in the
germinal center of follicles [80]. This T/B-cell interaction
is necessary for immunoglobulin class switch recombina-
tion, somatic hypermutation, and specificity-based selection
underlying immunoglobulin affinity maturation. Restricted
Ig genes may be presented by means of a limited number
of HLA molecules. Possibly because of this, it is evidenced
that the DR5-DQ3 HLA combination was strongly associated
with the HCV (+) MC (+) B-NHL group of patients
compared with bone marrow donor population, while the
contribution of DR1-DQ1 was higher in cases of HCV
(+) B-NHL without MC [81]. The most common DR-DQ
combination class used in HCV-infected patients without
lymphoproliferative diseases and in subjects with HCV-
related hepatocellular carcinoma was also different [82, 83].

10. Decreased miRNA26b Expression
Associated with HCV-Related Marginal
Zone Lymphomas

MicroRNAs (miRNAs) are a class of small noncoding RNAs
that bind to partially complementary sites in the 3′ untrans-
lated regions (UTR) of target mRNAs and modulate gene
expression by facilitating translational repression or mRNA
degradation. Liver-specific miRNA miR-122 was found to
be associated with inhibition of HCV replication. MiR-122
regulates virus production by directly interacting with the 5′

end of the HCV RNA genome [84].
Only one study, to date, explores miRNA patterns and

HCV-related B-NHL [85]. A reduced expression of miRNA-
26b has been found in HCV-positive versus HCV-negative
patients with SMZL. This latter miRNA seems to be most
strongly associated with specific HCV-related MZSLs, since
the miRNA pattern is different in chronic HCV-related
subjects and in those with HCV-related hepatocarcinoma.
One predicted target of miRNA26b is the NIMA-related
kinase NEK6, which has a critical role in mitotic cell cycle
progression and is upregulated in various human cancers.
In the same study, no statistically differential expression
between SMZL and nonneoplastic splenic tissue was found.
However, a trend towards a significant difference in the
expression of 7 out of 381 miRNAs was tested. Notably,
from the list of genes reported, the upregulation of miR-
21 and miR-155 was associated with several genes involved
in NF-κB signaling. Genetic alterations involving the NF-κB

pathway were also found in the SMZL subtype of the general
population [21, 86].

The overall data reported indicated the importance
of NF-κB signaling in lymphoma pathogenesis and the
involvement of specific pathways in HCV-infected patients.

11. Toll-Like Receptors 2 and 4 and
IL-6 Expression and Association
with HCV-B-NHL

The innate immune response involving toll-like receptors
(TLRs) has been shown to play an important role in the
pathogenesis of many viruses. The continuous interaction
between viruses with TLRs may induce a chronic activation
of inflammatory cytokine responses that are a risk factor for
tumor development. Compared with peripheral blood cells
from healthy individuals, TLR4 was found to be upregulated
in B-cells after HCV infection [87]. TLR4 expression was
found to be mediated by the NS5A HCV protein and may
provoke B-cell activation through interleukine 6 produc-
tion. Moreover, the core HCV-protein may trigger B-cell
activation through TLR2 interaction [88]. The production
of proinflammatory interleukine 6, which stimulates B-
cell activation, has been suggested to contribute to the
development of cryoglobulinemia and B-NHL [88]. BCR
and TLR signalling pathways were also found to be targeted
by genetic changes in SMZL [22]. Moreover, in the general
population, genetic variation in TLR1-TLR6 region genes
was associated with B-NHL risk, with a specific association
for TLR2 variant and MZL [89]. Although all these data are
indicative of a functional relation between TLR and HCV-B-
NHL, the real relationship between these molecules remains
inconclusive.

12. Conclusions

In conclusion, lymphomas that develop in HCV-infected
patients seems to combine disease-specific signatures and
different sets of genes whose expression is associated with
BCR coupled to Blys signaling, which in turn has been
linked to B-cell maturation stages and to specific NF-
κB transcription factors. This paper highlights the close
link between the specific contribution of these genes in
comparison to normal and to chronic HCV-infected B-
cells. This paper underscores that HCV-related lymphomas
are subject to specific deregulation induced by the virus
infection, although the precise relationship between HCV
and lymphoma development and phenotype signature needs
to be clarified. Identification of molecular signatures in
lymphomas occurring in the HCV-infected population could
facilitate a more rational approach to the diagnosis as well as
more tailored treatments and/or prevention.

Acknowledgments

The authors thank Mrs. Anna Vallerugo, M.A., for her writ-
ing assistance. This study was supported by an AIRC Grant



Clinical and Developmental Immunology 7

number 1026, assigned to Valli. De Re. Authors had no
conflicts of interests in any part of this submitted paper.

References

[1] D. Sansonno, A. Carbone, V. De Re, and F. Dammacco, “Hep-
atitis C virus infection, cryoglobulinaemia, and beyond,”
Rheumatology, vol. 46, no. 4, pp. 572–578, 2007.

[2] S. De Sanjose, Y. Benavente, C. M. Vajdic et al., “Hepatitis
C and non-Hodgkin lymphoma among 4784 cases and 6269
controls from the International Lymphoma Epidemiology
Consortium,” Clinical Gastroenterology and Hepatology, vol. 6,
no. 4, pp. 451–458, 2008.

[3] R. Talamini, M. Montella, M. Crovatto et al., “Non-Hodgkin’s
lymphoma and hepatitis C virus: a case-control study from
northern and southern Italy,” International Journal of Cancer,
vol. 110, no. 3, pp. 380–385, 2004.

[4] A. Mariano, G. Scalia Tomba, M. E. Tosti, E. Spada, and
A. Mele, “Estimating the incidence, prevalence and clinical
burden of hepatitis C over time in Italy,” Scandinavian Journal
of Infectious Diseases, vol. 41, no. 9, pp. 689–699, 2009.

[5] Y. Kasama, S. Sekiguchi, M. Saito et al., “Persistent expression
of the full genome of hepatitis C virus in B cells induces
spontaneous development of B-cell lymphomas in vivo,”
Blood, vol. 116, no. 23, pp. 4926–4933, 2010.

[6] D. Sansonno, F. A. Tucci, G. Lauletta et al., “Hepatitis C virus
productive infection in mononuclear cells from patients with
cryoglobulinaemia,” Clinical and Experimental Immunology,
vol. 147, no. 2, pp. 241–248, 2007.

[7] M. H. V. Sung, S. Shimodaira, A. L. Doughty et al., “Establish-
ment of B-cell lymphoma cell lines persistently infected with
hepatitis C virus in vivo and in vitro: the apoptotic effects of
virus infection,” Journal of Virology, vol. 77, no. 3, pp. 2134–
2146, 2003.

[8] Z. Chen, Y. Zhu, Y. Ren et al., “Hepatitis C virus protects
human B lymphocytes from fas-mediated apoptosis via E2-
CD81 engagement,” PLoS ONE, vol. 6, no. 4, Article ID
e18933, 2011.

[9] V. De Re, S. De Vita, A. Marzotto et al., “Sequence analysis
of the immunoglobulin antigen receptor of hepatitis C
virus—associated non-Hodgkin lymphomas suggests that the
malignant cells are derived from the rheumatoid factorn—
producing cells that occur mainly in type II cryoglobuline-
mia,” Blood, vol. 96, no. 10, pp. 3578–3584, 2000.

[10] V. De Re, S. De Vita, A. Marzotto et al., “Pre-malignant and
malignant lymphoproliferations in an HCV-infected type II
mixed cryoglobulinemic patient are sequential phases of an
antigen-driven pathological process,” International Journal of
Cancer, vol. 87, no. 2, pp. 211–216, 2000.

[11] F. Dammacco, F. A. Tucci, G. Lauletta et al., “Pegylated
interferon-α, ribavirin, and rituximab combined therapy of
hepatitis C virus-related mixed cryoglobulinemia: a long-term
study,” Blood, vol. 116, no. 3, pp. 343–353, 2010.

[12] S. K. Hartridge-Lambert, E. M. Stein, A. J. Markowitz, and
C. S. Portlock, “Hepatitis C and non-hodgkin lymphoma: the
clinical perspective,” Hepatology, vol. 55, no. 2, pp. 634–641,
2012.

[13] Y. Kawamura, K. Ikeda, Y. Arase et al., “Viral elimination
reduces incidence of malignant lymphoma in patients with
hepatitis C,” American Journal of Medicine, vol. 120, no. 12,
pp. 1034–1041, 2007.

[14] C. Mazzaro, G. Monti, F. Saccardo et al., “Efficacy and safety of
Peginterferon alfa-2b plus Ribavirin for HCV-positive mixed

cryoglobulinemia: a multicentre open-label study,” Clinical
and Experimental Rheumatology, vol. 29, no. 6, pp. 933–941,
2011.

[15] D. Vallisa, P. Bernuzzi, L. Arcaini et al., “Role of anti-hepatitis
C virus (HCV) treatment in HCV-related, low-grade, B-cell,
non-Hodgkin’s lymphoma: a multicenter Italian experience,”
Journal of Clinical Oncology, vol. 23, no. 3, pp. 468–473, 2005.

[16] D. Sansonno, V. De Re, G. Lauletta, F. A. Tucci, M. Boiocchi,
and F. Dammacco, “Monoclonal antibody treatment of mixed
cryoglobulinemia resistant to interferon αwith an anti-CD20,”
Blood, vol. 101, no. 10, pp. 3818–3826, 2003.

[17] D. Saadoun, F. Suarez, F. Lefrere et al., “Splenic lymphoma
with villous lymphocytes, associated with type II cryoglobu-
linemia and HCV infection: a new entity?” Blood, vol. 105, no.
1, pp. 74–76, 2005.

[18] M. Libra, J. Polesel, A. E. Russo et al., “Extrahepatic disorders
of HCV infection: a distinct entity of B-cell neoplasia?” Inter-
national Journal of Oncology, vol. 36, no. 6, pp. 1331–1340,
2010.

[19] E. Ruiz-Ballesteros, M. Mollejo, A. Rodriguez et al., “Splenic
marginal zone lymphoma: proposal of new diagnostic and
prognostic markers identified after tissue and cDNA microar-
ray analysis,” Blood, vol. 106, no. 5, pp. 1831–1838, 2005.

[20] A. J. Arribas, Y. Campos-Martı́n, C. Gómez-Abad et al., “Nod-
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Patients with chronic hepatitis C virus (HCV) can develop systemic cryoglobulinemic vasculitis. Combination of pegylated-
interferon α and ribavirin is the first-line treatment of this condition. However, in case of severe or life-threatening manifestations,
absence of a virological response, or autonomized vasculitis, immunotherapy (alone or in addition to the antiviral regimen) is
necessary. Rituximab is to date the only biologic with a sufficient level of evidence to support its use in this indication. Several
studies have demonstrated that rituximab is highly effective when cryoglobulinaemic vasculitis is refractory to antiviral regimen,
that association of rituximab with antiviral regimen may induce a better and faster clinical remission, and, recently, that rituximab
is more efficient than traditional immunosuppressive treatments. Some issues with regard to the optimal dose of rituximab or its
use as maintenance treatment remain unsolved. Interestingly, in balance with this anti-inflammatory strategy, a recent pilot study
reported the significant expansion of circulating regulatory T lymphocytes with concomitant clinical improvement in patients
with refractory HCV-induced cryoglobulinaemic vasculitis using low dose of subcutaneous interleukin-2. This paper provides an
updated overview on the place of immunotherapy, especially biologics, in the management of HCV-induced cryoglobulinaemic
vasculitis.

1. Introduction

Chronic hepatitis C virus (HCV) infection is associated with
numerous and mostly autoimmune extrahepatic complica-
tions. One of the most serious is cryoglobulinaemic vasculitis
(CV), which develops in 5–10% of infected patients. CV
is a systemic small-vessel vasculitis that affects mostly skin,
joints, nerves, and kidneys and can sometimes have a life-
threatening presentation [1]. The identification of HCV
as the main causal agent for CV has completely modified
the management of this virally induced vasculitis. Indeed,
circulating immune complexes responsible for organ damage
are the result of B-cell expansion and the production of
pathogenic IgMs with rheumatoid-factor activity, which is
driven by the underlying chronic viral infection. Thus,

obtaining a sustained virological response (SVR) has become
the main treatment for HCV-induced CV. Fortunately, the
combination of pegylated-interferon α (peg-IFN-α) plus
ribavirin has resulted in an SVR in up to two-thirds of
patients, depending on the genotype of HCV [2–4].

However, in some situations, immunotherapy alone or
in addition to antiviral treatment is necessary to treat
HCV-induced CV (Figure 1). For a long time, immunother-
apy for CV has been largely empirical, relying on tradi-
tional immunosuppressive options. However, recent studies,
including some with a prospectively controlled design, have
addressed the place of biologics in this setting. Herein,
we aim to provide an updated overview of the place of
immunotherapy, especially biologics, for the management of
HCV-induced cryoglobulinaemic vasculitis.
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Figure 1: Immunotherapy to manage HCV-induced vasculitis. (A) Antiviral regimen, ideally a combination of interferon plus ribavirin,
is the first-line treatment for HCV-induced cryoglobulinaemic vasculitis (CV) when the severity of its manifestations is mild-to-moderate.
In addition, short-term low-dose corticotherapy may sometimes be used initially. (B) In cases of severe or life-threatening manifestations
(i.e., severe renal involvement), immunotherapy must be initiated immediately. Rituximab has become a preferred choice but, as with other
immunosuppressive drugs, careful monitoring of viral load and hepatic functions is necessary. Worsening of vasculitis has been reported in
patients just after administration of rituximab, especially in those with serious cryocrit levels, thus, in these patients, corticosteroids and/or
plasmapheresis may be initiated before B-cell depletion. An antiviral regimen is initiated either simultaneously or secondarily/sequentially
in these patients. (C) When an antiviral regimen is contraindicated, poorly tolerated, or fails to induce a sustained viral remission,
immunotherapy is also initiated. Corticosteroids should be avoided when possible. Careful monitoring of viral load/hepatic function is
necessary. A prolonged antiviral regimen may be considered when clinical and biological manifestations of MC show an improvement under
this regimen in spite of the absence of viral remission. (D) In cases where CV is still active in spite of obtaining a sustained viral response,
B-cell malignancy and low-level viremia should be ruled out before considering that the vasculitis is autonomous and before initiating
immunotherapy.

2. Immunotherapy in HCV-Induced Vasculitis:
For Whom and When?

Eradication of HCV with peg-IFN-α plus ribavirin is the
first-line treatment for CV (Figure 1(a)). Indeed, when
this treatment is not contraindicated and sufficiently well
tolerated, it allows an SVR in 50% (genotypes 1, 4, 5, 6)
to 80% (genotypes 2 and 3) of patients after 48 and 24
weeks of treatment, respectively [2–4]. In these cases, no
immunotherapy is needed. However, immunotherapy needs
to be considered, alone or in addition to antiviral treatments,
in the following situations.

2.1. Severe or Life-Threatening Manifestations. Because of
the delayed and uncertain response to antiviral therapy,
severe and rapidly progressive CV manifestations (i.e., acute
nephrotic or nephritic syndrome, extensive cutaneous ulcers,
central nervous system or gastrointestinal manifestations,
and hyperviscosity syndrome) require prompt and aggres-
sive treatment (Figure 1(b)). Indeed, the use of aggressive
immunotherapy in these settings is indirectly supported

by the results of a recent study that identified a strong
association between increased mortality and cutaneous
ulcers (hazard ratio (HR) 5.37) or renal insufficiency (HR
3.25) [1]. Concerning peripheral neuropathy, even if not
considered a life-threatening manifestation, it is a major
cause of morbidity in HCV-associated CV and is often
refractory to all treatments. In addition, as any improvement
is often delayed, later reevaluation prevents a rapid switch
to a different therapeutic option if needed, which increases
the risk of definitive sequelae. Thus, in the most severe cases,
immunotherapy can be a part of first-line treatments [5].

In patients with severe or rapidly progressive mani-
festations, antiviral therapy is still an important part of
treatment and can be initiated either concomitantly or
sequentially. Concomitant administration, ideally, may pre-
vent an increase in HCV viral load and hepatic consequences
secondary to an immunosuppressive strategy. However,
some data support the short-term safety of a sequential
strategy (i.e., starting with an immunosuppressive regimen
alone), even in patients with advanced liver disease [6]. Also,
sequential administration has some practical advantages.
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First, it avoids situations where the physician faces the
occurrence of a side effect within a combined antiviral and
immunosuppressive regimen (e.g., cytopenia), a situation
that complicates the imputability of this side effect to a
specific drug. Also, when renal function is altered, the use
of ribavirin is very limited due to increased toxicity. Finally,
some authors have reported a paradoxical exacerbation of
CV after the initiation of antiviral regimens [7, 8], which may
be prevented when immunotherapy is started first.

2.2. Absence of a Virological Response. The use of peg-IFN-α
combined with ribavirin as the standard-of-care for HCV-
induced CV is supported by several studies in which this
treatment has been found to be safe and well tolerated and
has led to an SVR rate similar to that for HCV-infected
patients without CV [9, 10]. But, importantly, only patients
with complete clearance of HCV achieve a complete and
sustained clinical response, and SVR is not always obtained
for various reasons. In about one-third of patients, and
particularly those with genotype 1 HCV, a well-conducted
antiviral regimen fails [2–4]. In addition, peg-IFN-α plus
ribavirin is poorly tolerated in 10–20% of patients, leading
to early termination of antiviral regimens. Also, some
patients have major contraindications to IFN and/or rib-
avirin, such as advanced age, uncompensated cirrhosis,
uncontrolled depressive illness, or untreated thyroid disease.
In these patients with CV and no virological response,
anti-inflammatory drugs may be warranted to avoid or
control severe or debilitating complications (Figure 1(c)).
However, a major concern is the potential adverse effects that
immunosuppressive therapy could have on the underlying
uncontrolled chronic viral infection. Except for severe mani-
festations (see above), immunotherapy is administered after
other therapies have been optimized to obtain an SVR.

A failed standard-of-care, especially in genotype 1 HCV,
may benefit from the recent development of two direct-
acting antiviral agents, boceprevir and telaprevir [11]. The
combination of one of them to the standard-of-care increases
SVR rates in genotype 1 HCV infection to >70%. Alter-
natively, in virological nonresponders, when a clinical and
biological improvement has been observed under an antiviral
regimen, some physicians may propose longer treatment for
up to 48 or 72 weeks, respectively, for genotypes 2 and 3, and
for genotypes 1 and 4 [12]. Also, because of its immunomod-
ulatory properties, interferon may precipitate or exacerbate
some preexisting and often subclinical disorders, especially
those involving the thyroid, but screening before as well
as close monitoring during treatment improves detection
and early management of these potential complications [13].
Finally, the contraindications listed above may be judged
as relative in some patients, when the benefit of treatment
may overcome the theoretical risks. This is especially true for
advanced age, but also, in some cases, for depressive status,
when antidepressant prophylaxis initiated 2 weeks before
interferon therapy may be useful for at-risk patients [14].

2.3. “Autonomized” Vasculitis. A few patients may experience
biological and/or clinical persistence or relapse of CV despite

clearance of their HCV infection. This is probably because
B-cell expansion has become, at least in part, independent
of HCV stimulation (Figure 1(d)). In this setting, underlying
B-cell malignancy must be ruled out first. Indeed, HCV-
associated CV has been associated with an increased risk
of B-cell lymphoma [15]. Landau et al. reported on eight
patients who presented with a relapse in HCV-induced CV,
despite having achieved SVRs. In two out of three patients
whose symptoms of CV persisted and were associated with
elevated cryoglobulin levels, B-cell lymphoma was diagnosed
[16].

There is also controversy about the possible role of occult
HCV infection, that is, detectable HCV-RNA in the liver or
peripheral blood mononuclear cells in the absence of serum
HCV-RNA [17, 18]. Indeed, it is conceivable that the virus, or
part of it, may still be triggering B-cell proliferation, although
it is not detected in the serum. However, a recent exhaustive
review on this topic did not reach any firm conclusions
[19]. Recently, we reported, for the first time, the presence
of HCV-NS3 viral protein in the kidney of a patient with
a similar presentation, but we were unable to conclude on
the significance of this finding [20]. What is certain for
now, is that an ultrasensitive real-time PCR assay should be
conducted on the serum and/or cryoprecipitate to rule out
low-level infection, which may have been misdiagnosed as
occult infection in previous studies [21]. Thus, in patients
with an SVR but persistent clinical manifestations of CV,
after exclusion of underlying hemopathies and/or low-level
HCV-persistent infections, the autoimmune component of
the disease may be considered as autonomized and treated
similarly to nonvirally related CV [22].

3. Immunotherapy in HCV-Induced
Vasculitis: Which One?

Various anti-inflammatory drugs that are used success-
fully to treat other types of vasculitis are also used to
treat HCV-induced vasculitis. However, during the last
decade, conventional immunosuppressive treatments (i.e.,
cyclophosphamide and plasmapheresis) have been progres-
sively challenged by biologics. Indeed, the most common
cause of death in patients with CV is infection and, in the
study of Landau et al. [1], immunosuppressive treatment was
associated with an increased risk of death, independently of
disease severity (HR 6.51), suggesting that a more targeted
immune-based strategy would be beneficial. Apart from
the poor effectiveness of TNF-blockade by infliximab or
etanercept, reported by us and others [23–25], or the
recent anecdotal report of the successful use of an anti-
interleukin(IL)-6 strategy [26], rituximab (RTX) is, to date,
the only biologic that has sufficient evidence to support its
use for this indication. Interestingly, to balance this anti-
inflammatory strategy, a recent pilot study reported the
success of a proregulatory strategy with low-dose IL-2 [27].

3.1. Anti-Inflammatory Strategy: Rituximab. RTX is a mono-
clonal antibody against the CD20 antigen, which is selectively
expressed on B cells. The rationale underlying RTX treatment



4 Clinical and Developmental Immunology

is that in CV, CD20-positive cells are expanded, activated,
and play a pivotal role in cryoglobulin production [28].
Several studies have demonstrated that RTX is highly effec-
tive when CV is refractory to antiviral regimens [5, 6, 29–
31], that the association of RTX with an antiviral regimen
may induce a better and faster clinical remission [32, 33]
and, recently, that RTX is more efficient than traditional
immunosuppressive treatments [34, 35].

With some variations according to the different mani-
festations of CV, the overall response rate to rituximab in
patients refractory to antivirals has been reported in recent
meta-analyses to be ≥80% [36, 37]. The delay in response is
variable, but improvement occurs within 1–6 months. Recent
studies that have compared a combined therapy with RTX to
antiviral therapy alone show that a combined therapy may
be the best choice for patients with severe manifestations
of CV. Indeed, in a prospective cohort study of 93 patients,
combined therapy reduced the time to clinical remission
and improved renal-response rates compared to peg-IFN-
α + ribavirin alone [33]. In another prospective study that
included 37 patients, those in the RTX group achieved a
complete response more often than patients not receiving
RTX (54.5% versus 33.3%) [32].

The rationale for choosing a targeted therapy with RTX
instead of conventional immunosuppressive agents has been
only poorly supported by evidence, though two recently
published studies have filled this gap [34, 35] (Table 1). The
first study [34], an open-label randomized controlled trial
(RCT) conducted in Italy, compared RTX to conventional
therapies (i.e., corticosteroids, plasmapheresis, azathioprine,
or cyclophosphamide) in 57 patients with severe manifesta-
tions of CV. Of note, patients in the conventional-therapy
group, whose treatment failed, had the opportunity to
crossover and receive RTX. At 12 months, the proportion of
patients who continued their initial therapy was significantly
higher in the RTX group, and only 13.8% of patients in
the conventional-therapy group continued their initially
assigned therapy beyond 3 months. The second study [35],
conducted in the US, was also an open-label RCT, which
compared RTX and standard therapy in 24 patients with
HCV-related CV. Standard therapy was considered to be
maintenance or intensification of conventional immuno-
suppressive therapy, but the patients receiving RTX were
allowed to continue their background immunosuppressive
therapy. At 6 months, clinical efficacy was clearly greater for
RTX compared to conventional immunosuppressive therapy.
Thus, even though the design of these studies may have
advantaged RTX (Table 1), the data support a preference for
targeted B-cell depletion with RTX as the agent of choice
for CV. They also provide additional information on the
modalities of administration of RTX and its safety.

Indeed, as in other autoimmune conditions [38], there
is no consensus on the choice of the modality of administra-
tion, that is, a “rheumatological” regimen: 4 weekly infusions
of 375 mg/m2 versus a “hematologic” regimen: 2 biweekly
infusions of 1000 mg, which are equally used in practice as
well as in RCT (Table 1). However, Sène et al. have raised
the issue of serum sickness following the use of RTX therapy
for CV, especially in patients with the highest cryoglobulin

levels and the lowest C4 levels [39]. RTX may form a complex
with cryoglobulin, which could increase cryoprecipitation
and induce severe systemic reactions, including serum
sickness. Consequently, these authors propose the use of a
lower starting dose of RTX (i.e., rheumatological regimen),
possibly preceded by corticosteroids and/or plasmapheresis
to avoid side effects. Overall, short-term reactions to RTX
infusions do not seem to be more frequent in CV than
in other autoimmune conditions that are treated with a
classical premedication of 100 mg of methylprednisolone,
antihistamine drugs, and paracetamol.

The safety of RTX, especially when RTX is used without
the cover of antiviral agents, was supported in both RCTs,
even though HCV load was not monitored in the Italian
study [34]. RTX was not associated with significant liver
impairment despite transient increases in HCV viral load,
as already reported when RTX was given to patients with
liver cirrhosis [6]. Nevertheless, data on HCV load and
liver enzymes come from small sample-sized studies [40]
with short-term followups, thus, this needs further evidence.
RTX is also associated with a significant risk of infection,
especially in patients with renal failure and advanced age
and in those receiving high doses of corticosteroids [41].
This warrants the same precautions recommended for other
autoimmune conditions with regards to vaccination and
specific followup [42], including also early identification of
rare but potentially severe complications related to RTX (i.e.,
anti-Pr cold agglutinins syndrome or progressive multifocal
leukoencephalopathy).

3.2. Proregulatory Strategy: IL-2. Recently, Saadoun et al.
obtained significant expansion of circulating regulatory T
lymphocytes (Treg) with concomitant clinical improvement
in 8/10 patients with refractory HCV-induced CV using a low
dose of subcutaneous IL-2 (Proleukin, 1.5 million IU per day
for 5 days, then 3 million IU per day for weeks 3, 6, and
9) [27]. Their patients were refractory to previous antiviral
regimens, but only 1/10 patients had previously received
rituximab, and only 1/10 had mild renal involvement. Inter-
estingly, these patients did not receive any corticosteroids
during the study period. The limitations of this pilot study
are the absence of a control group, the short follow-up time
(a few months), and some potential confounding factors
(i.e., there was also a significant increase of CD56 bright
NK cells), which prevent definitively concluding that the
clinical benefits were solely due to the observed increase in
Treg cells. Indeed, in the study by Koreth et al. (published
at the same time), and also using low-dose IL-2 in patients
suffering from graft-versus-host-disease, Treg-cell counts
increased in all patients but were not statistically different
between patients who had and those who did not have a
response [43]. Nevertheless, these two studies constitute a
proof of principle that low-dose IL-2 can be used safely
to promote tolerance, probably through Treg expansion
[27, 43].

IL-2 is produced by naive and memory T cells after anti-
gen stimulation and binds to a high-affinity receptor consist-
ing of three subunits: IL-2Rα (CD25), IL-2Rβ (CD122), and



Clinical and Developmental Immunology 5

Table 1: Prospective randomized controlled trials comparing rituximab (R) with a classical immunosuppressive regimen (C).

Studies Sneller et al. (USA) De Vita et al. (Italy)

Methodology

Sample size (R/C) 24 (12/12) 57 (29/28)

Design Prospective RCT
Open-label, monocentric

Prospective RCT
Open-label, multicentric

Followup duration M12 M24

Rituximab 375 mg/m2 × 4
No GC premedication

1000 mg × 2
100 mg MP iv before each

Other treatments allowed for group R IS/GC already initiated Low dosage of GC

Effective regimen for group C IS/GC already initiated ± increase
(only PL = 1 at M5)

GC = 17 or IS = 7 (AZA/CYC)
or PL = 5 ± GC

Planned sample size 30 124

Limitations 8-year enrolment
Early stop after interim analysis

86% switch before M2∗

Early stop after interim analysis

Patients

Underlying VHC infection 24/24 53/57

Previous treatments (R versus C)
Unbalanced at randomization

GC = 6 versus 3
CYC = 1 versus 0, PL = 2 versus 0

Not provided

Efficacy

Primary endpoint Clinical remission at M6 Survival of initial treatment at M12

Result (R versus C) 10/12 (83%) versus 1/12 (8%) 64% versus 3.5%

Response to retreatment R: 3/3 R: 5/7 C: 6/8

Time of switch of C to R After M6 As soon as failure∗

Number of switches of C to R 9/12 23/28

Response to switch to R 4/7 (2 lost to followup) 14/23

Safety

Infusion-related severe events 1 serum-infusion reaction 1 hypotension with angina

Viral load of VHC No difference Not monitored

Abbreviations: AZA: azathioprine; CYC: cyclophosphamide; GC: glucocorticoids; IS: immunosuppressive; MP: methylprednisolone; PL: plasmapheresis.

γc (CD132). Until recently, almost all clinical trials using IL-
2 aimed at boosting effector T lymphocyte (Teff) function
and have taken advantage of the immune-stimulating activity
of IL-2. Indeed, this approach was successful in a subset of
patients suffering from renal cell carcinoma and melanoma
[44] and was also tested to boost the immunity of patients
with AIDS [45]. The main limitations to the broader use
of IL-2 are its very short half-life in the circulation after
infusion, which necessitates using IL-2 at levels as high as
possible, and its life-threatening nonspecific toxicities, such
as vascular-leakage syndrome. Recent studies have shown
that the primary function of IL-2 is, actually, the generation
and survival of Treg [46], which explains in part why this
approach failed in its anticancer indication and supports the
possibility that IL-2 may, instead, promote T-cell tolerance in
autoimmune conditions, such as CV, where a deficit of Treg
has been documented [47].

There are several ways to use IL-2 to boost Treg. IL-2,
together with other stimuli, can be used to expand the Treg-
cell population ex vivo (Figure 2(a)), in tissue culture, before
transferring these expanded cells to patients [48]. But this
strategy is probably too complex to broadly translate to the

bedside. Conversely, in-vivo expansion using subcutaneous
infusion of IL-2 has been already used with variable results in
mice and humans. IL-2 can be used at a high dose with coad-
ministration of rapamycin to prevent the activation of Teff
cells without affecting the Treg-cell response (Figure 2(b)).
This protocol has proved to be beneficial in the treatment of
diabetes in NOD mice [49] but, unfortunately, a clinical trial
in new-onset type-1 diabetes patients showed that treatment
with rapamycin plus a relatively high-dose of IL-2 (4.5 ×
106 IU/day subcutaneously, three times a week for 4 weeks)
resulted in greater loss of insulin secretion at 3 months and,
overall, was considered to worsen pancreatic β-cell function
[50]. A low dose of IL-2 alone may also be used, which
favours the expansion of Treg and has only a minor effect
on Teff (Figure 2(c)). This strategy was successful in the
two clinical studies already mentioned [27, 43] but warrants
confirmation on a larger scale and additional work is needed
to fully understand the role of IL-2 on cells other than
Treg. Finally, an alternative approach (Figure 2(d)) could
be the use of improved IL-2 formulations or IL-2-specific
monoclonal antibodies, which allow IL-2 to selectively target
Treg cells [51].
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Figure 2: Different IL-2 based approaches to promote the expansion of regulatory T cells (Treg). A first approach consists of using IL-2,
together with other stimuli, to expand ex vivo the Treg cells collected from a patient’s tissue culture before transferring these cells to the
patient (A). In vivo, IL-2 can be administered subcutaneously at high doses but can be associated with rapamycin to prevent activation of
effector T cells (Teff) (B) or given at a low dose for the same reason (C). IL-2-specific monoclonal antibodies can be used to target IL-2
selectively to Treg cells (D).

4. Biologics in HCV-Induced
Vasculitis: Next Steps

In just a few years, biologics have modified the management
of HCV-related CV. Their use has also raised many unsolved
issues. The first concerns maintenance treatment. In patients
refractory to antiviral regimens and who are successfully
treated with RTX, more than a third will relapse during B-
cell recovery, usually between 6 and 12 months [36, 37].
However, retreatment with RTX after a relapse seems to be
effective in most cases [34, 35]. Systematic maintenance of
RTX therapy has rarely been reported in CV but may be
considered in severe forms [52], though the best modality
remains to be determined. Other biologics targeting B cells,
such as other anti-CD20 monoclonal (i.e., ocrelizumab
and ofatumumab), anti-CD22 (epratuzumab), or anti-BAFF
(belimumab) might also prove useful in the management of
these conditions.

The second concern is the dosage used in RTX regimens.
As already stated, both “haematological” and “rheumato-
logical” regimens are both used in practice. Visentini et
al. recently reported preliminary results from 27 patients
receiving low-dose rituximab (2 weekly doses of 250 mg/m2):
they had a response rate similar to that reported for patients
treated with standard doses [53]. If confirmed, this regimen
could reduce costs, improve safety profiles, and be preferred

by patients with nonsevere manifestations. Finally, one
additional advantage of using RTX to treat CV may be
the reduced exposure to corticosteroids. In the two RCTs
[34, 35], responders to RTX therapy received lower total
doses of prednisone than those allocated to a conventional
immunosuppressive therapy. The possibility to propose a
steroid-free regimen in selected patients with CV and to be
only treated with RTX warrants additional trials.

In conclusion, patients suffering from HCV-induced
vasculitis have and will largely benefit from the progress
made in both antiviral and immunologic research. It seems
that the place of biologics in the management of this complex
condition is likely to increase in a near future.
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Rituximab, a chimeric mouse-human monoclonal antibody directed to the CD20 antigen expressed on pre-B lymphocytes and
mature lymphocytes, causes a profound B-cell depletion. Due to its peculiar characteristics, this drug has been used to treat
oncohaematological diseases, B cell-related autoimmune diseases, rheumatoid arthritis, and, more recently, HCV-associated mixed
cryoglobulinaemic vasculitis. Rituximab-based treatment, however, may induce an increased replication of several viruses such as
hepatitis B virus, cytomegalovirus, varicella-zoster virus, echovirus, and parvovirus B19. Recent data suggest that rituximab-based
chemotherapy induces an increase in HCV expression in hepatic cells, which may become a target for a cell-mediated immune
reaction after the withdrawal of treatment and the restoration of the immune control. Only a few small studies have investigated
the occurrence of HCV reactivation and an associated hepatic flare in patients with oncohaematological diseases receiving R-
CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone). These studies suggest that the hepatic flares are
frequently asymptomatic, but life-threatening liver failure occurs in nearly 10% of cases.

1. Introduction

Hepatitis C virus (HCV) is responsible worldwide for chron-
ic hepatitis, liver cirrhosis, and hepatocellular carcinoma
[1]. Besides its hepatotropic characteristics, HCV is also a
lymphotropic virus [2, 3] responsible for HCV-related B-cell
non-Hodgkin lymphoma (NHL) [4–6], immune-mediated
extrahepatic manifestations, mixed cryoglobulinaemic vas-
culitis [7–12], and the presence in serum of rheumatoid
factor and autoantibodies [13–15].

In the last decade, rituximab, a chimeric mouse-human
monoclonal antibody directed to the CD20 antigen expressed
on pre-B lymphocytes and mature lymphocytes [16], has
been used increasingly for treating patients with haemato-
logical diseases including CD20-positive B-cell NHL [17].
Rituximab causes a profound B-cell depletion, peripheral
blood B lymphocytes becoming undetectable after a single

infusion, with a complete B-cell recovery from 6 to 9 months
after the discontinuation of treatment [18, 19]. Due to its
peculiar characteristics, this drug has also been used for
treating B cell-related autoimmune diseases [20], rheuma-
toid arthritis, and, more recently, HCV-associated mixed
cryoglobulinaemic vasculitis [21, 22].

It is well known that rituximab-based chemotherapy is
frequently followed by a reactivation of viral infections and
correlated diseases. A frequent increase in viral replication
under R-CHOP (rituximab, cyclophosphamide, doxoru-
bicin, vincristine, and prednisone) was demonstrated by
Aksoy et al. for several viruses including hepatitis B virus
(HBV), cytomegalovirus, varicella-zoster virus, echovirus,
and parvovirus B19 [23]. Worthy of mention is HBV infec-
tion, both overt and occult, which in the absence of a specific
prophylaxis or treatment frequently reactivates during or
after R-CHOP, with a mortality rate close to 20% and death
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being due to liver failure or to an unfavourable progression
of the underlying haematological disease once R-CHOP has
been discontinued because of a hepatic flare [24–33].

1.1. Studies on HCV Reactivation and Hepatic Flares due to
Rituximab-Based Chemotherapy. According to the fragmen-
tar data available, R-CHOP can induce an increase in HCV
replication in oncohaematological patients [34, 35], a bio-
logical event associated to the development of hepatic flares
in some studies [36–41]. A reasonable explanation for this
association may be that R-CHOP induces an increase in HCV
expression in hepatic cells, which may become a target for a
cell-mediated immune reaction after the discontinuation of
treatment and the restoration of the immune control. This
hypothesis, however, requires support from further studies
with a longer follow up to clarify the relationship between
HCV reactivation and the occurrence of a hepatic flare and
to assess the clinical impact of flares.

The uncertainty dominating this topic arises from the
inconsistent data available and from the marked differences
in the studies as regards the design, age of the patients, type
and stage of the oncohaematological diseases, type of chem-
otherapy used, and stage of liver disease. In addition, the
criteria used to define HCV reactivation and a hepatic flare
differ from study to study.

Some of these papers are case reports. Akosy et al.
described HCV reactivation not associated to a hepatic flare
in a patient with HCV-related cirrhosis and NHL treated only
with rituximab [34]. Nooka et al. published a similar
observation in a patient with diffuse large B-cell lymphoma
(DLBCL) and HCV infection who experienced an asymp-
tomatic HCV reactivation during R-CHOP [35]. Hsieh et al.
described an HCV reactivation with a hepatic flare in a
patient with DLBCL receiving R-CHOP [41], and Lake-
Bakaar reported a case of HCV reactivation in a patient
with HCV-related mixed cryoglobulinaemia who developed
a hepatic flare 2 weeks after starting rituximab treatment
[42].

Only a few studies evaluated both HCV reactivation and
the development of a hepatic flare in small series of
patients with oncohaematological diseases receiving R-
CHOP (Table 1). In a prospective study on 8 anti-HCV/HCV
RNA-positive patients undergoing chemotherapy, HCV rep-
lication was determined both in plasma and peripheral blood
mononuclear cells (PBMC). In this study, Coppola et al.
[40] found an increase in HCV RNA of at least 1.5 log
IU/mL in plasma and of at least 1.1 log IU/mL in PBMC of
the 7 patients receiving rituximab and corticosteroid-based
chemotherapy, whereas no change was observed in the one
patient treated with rituximab-sparing chemotherapy. In this
study, the patients with HCV reactivation showed a hepatic
flare 3–5 months after treatment was discontinued; this was
life threatening only in one patient who had compensated
cirrhosis at the baseline and developed a grade-3 hepatic
flare, ascites, and portosystemic encephalopathy with a
progression of Child-Pugh score from A6 to B9 (Table 1).

In a retrospective study on 131 patients with HCV infec-
tion and NHL treated with rituximab and prednisone-based
chemotherapy, Ennishi et al. [36] described a hepatic flare

in 36 patients (27%), of these 131, 34 with DLBCL showed
HCV reactivation during the follow up, but the prevalence of
hepatic flares in these 34 patients was not reported (Table 1).
In nearly 10% of cases, the hepatic flares were life threatening
and some patients died of liver failure. The retrospective
nature of the study, however, suggests caution in accepting
these data as conclusive.

In a retrospective study, Marignani et al. [39] described 3
patients with HCV infection and NHL treated with R-CHOP
therapy. Two of these patients experienced HCV reactivation
and showed a hepatic flare, which was symptomatic in one
of the two, after chemotherapy was discontinued (Table 1).
This patient showed an increase in serum total bilirubin up
to 7.8 mg/dL and became asymptomatic in 4 weeks. The third
patient did not show an HCV reactivation but developed a
hepatic flare after chemotherapy was discontinued.

Pitini et al. recently described HCV reactivation and a
hepatic flare in 10 patients with HCV infection and NHL
treated with R-CHOP [38]. The hepatic flare was asymp-
tomatic in 8 and symptomatic in 2 patients (Table 1): a 68-
year-old male with DLBCL who developed HCV reactivation
and a hepatic flare two weeks after the third cycle of R-
CHOP and died of acute liver failure and a 65-year-old
female with DLBCL who developed severe ascitis after four
cycles of R-CHOP and died 1 week later for the uncontrolled
progression of the underlying oncohaematological disease.

Similar results were reported by Tsutsumi et al. [37] in a
prospective study of 4 patients with HCV infection and NHL
treated with R-CHOP; all patients showed HCV reactivation
and a hepatic flare during chemotherapy, but no severe
clinical events occurred (Table 1).

In a retrospective study on 160 patients with Hodgkin’s
lymphoma and HCV infection, Arcaini et al. described hep-
atotoxicity in 5 (17.9%) of 28 patients with B-cell lymphoma
treated with R-CHOP [43]. For 25 patients in this study, 15
treated with R-CHOP and 10 with CHOP, circulating HCV
RNA was quantified at each cycle of chemotherapy; HCV-
RNA quantification did not correlate to liver toxicity.

Petrarca et al. treated HCV-associated mixed cryoglob-
ulinaemia with rituximab and found this treatment useful
and safe even in patients with a severe liver disease [44]; the
patients in this study, however, had a low degree of immune
depression and did not receive corticosteroids.

Worthy of mention is the literature showing a frequent
occurrence of hepatic flares in patients receiving high-dose
corticosteroids plus rituximab [36–40], probably because of
a cumulative effect of these drugs, which both induce an
increase in HCV replication, rituximab because of the
impairment of antibody production, [18, 19, 45] and corti-
costeroids because of the enhancement of HCV entry to the
hepatocytes as a consequence of an overexpression of specific
receptors on the surface of these cells [46, 47].

1.2. Other Studies. Visco et al. reported an association
between R-CHOP treatment for DLBCL and a mild increase
in the liver enzyme level not requiring discontinuation of
treatment in 5 (14%) of 35 patients [48]; this study, however,
gave no information on HCV reactivation.
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Coppola et al. described 28 anti-HCV/HCV RNA-nega-
tive patients receiving chemotherapy (rituximab based in
61% of cases) for oncohaematological diseases. These
patients remained HCV RNA-negative both in plasma and
PBMC and no hepatic flare was observed over an observation
period of 6–24 months [49], most probably because no
patient in this study had an occult HCV infection.

2. Conclusions

Fragmentary information from case reports, small studies,
and retrospective investigations suggest, on the whole, that
rituximab-based chemotherapy favours viral replication in
patients with HCV infection and oncohaematological dis-
eases. Only a few small studies evaluated both variations in
the HCV viral load and the development of a hepatic flare
during or after R-CHOP treatment, but the results are
concordant and strongly suggest a close association between
these two events. A possible interpretation of this association
is that R-CHOP induces an enhancement of HCV replication
followed by a spontaneous subsequent decrease once treat-
ment is reduced or discontinued. The consequent restoration
of the immune control may induce a hepatic flare of varying
clinical impact, that is, asymptomatic, symptomatic or life
threatening, most probably reflecting the extent of cell-
mediated hepatocellular necrosis. The clinical effects seem
more evident in patients treated with a combination of
rituximab and high-dose corticosteroids.

The high prevalence worldwide of HCV infection in
oncohaematological patients and the progressive increase in
the use of R-CHOP for treating these diseases may create a
heavy burden in the future for the health care authorities in
several countries.
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Cirrhosis and hepatocellular carcinoma are the prototypic complications of chronic hepatitis C virus infection in the liver.
However, hepatitis C virus also affects a variety of other organs that may lead to significant morbidity and mortality. Extrahepatic
manifestations of hepatitis C infection include a multitude of disease processes affecting the small vessels, skin, kidneys,
salivary gland, eyes, thyroid, and immunologic system. The majority of these conditions are thought to be immune mediated.
The most documented of these entities is mixed cryoglobulinemia. Morphologically, immune complex depositions can be
identified in small vessels and glomerular capillary walls, leading to leukoclastic vasculitis in the skin and membranoproliferative
glomerulonephritis in the kidney. Other HCV-associated entities include porphyria cutanea tarda, lichen planus, necrolytic
acral erythema, membranous glomerulonephritis, diabetic nephropathy, B-cell non-Hodgkin lymphomas, insulin resistance,
sialadenitis, sicca syndrome, and autoimmune thyroiditis. This paper highlights the histomorphologic features of these processes,
which are typically characterized by chronic inflammation, immune complex deposition, and immunoproliferative disease in the
affected organ.

1. Introduction

Hepatitis C is a disease that affects approximately 170 million
people worldwide, with a prevalence in the United States
of approximately 2% of the adult population [1]. Chronic
hepatitis C occurs in 80% of these cases and can lead
to cirrhosis and hepatocellular carcinoma [2]. Extrahepatic
manifestations (EHMs) of hepatitis C virus (HCV) infection
were first reported in the early 1990s [3] and can affect
a variety of organ systems with significant morbidity and
mortality. Forty to 75% of patients with chronic HCV
infection exhibit at least one clinical EHM [4, 5].

HCV infection is generally characterized by an indolent
clinical course that is influenced by a variety of host, viral,
and environmental factors [6]. While HCV may infect
other cells outside of the liver, most EHMs are thought
to be secondary to the host immune response to the viral
infection and not a direct viral cytopathic effect [7, 8]. The
natural history of HCV infection and its association with

EHMs is only partially understood. Some EHMs, such as
mixed cryoglobulinemia, have been strongly associated with
hepatitis C both clinically and pathologically, while other
EHMs may be linked to HCV based on higher prevalence,
response to antiviral treatment, or anecdotal observation.

2. Mechanisms

While direct infection of extrahepatic tissue cells by HCV
has been documented, the majority of EHMs are thought
to be secondary to immune-mediated mechanisms, either
lymphoproliferative or autoimmune in nature.

HCV infection results in upregulation of the humoral
immune system in patients with chronic disease, which leads
to increases in monoclonal and polyclonal autoantibodies
via chronic antigenic stimulation [7]. It has been postulated
that anti-HCV-IgG and HCV lipoprotein complexes may act
as B-cell superantigens inducing the synthesis of non-HCV
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reactive IgM with rheumatoid factor-like activity [9]. These
autoantibodies, in turn, form immune complexes, which
circulate through the body and are deposited in small to
medium blood vessels, resulting in complement activation
and extrahepatic injury [7–9].

3. Mixed Cryoglobulinemia

HCV is associated with essential mixed cryoglobulinemia
(MC), also known as type II cryoglobulinemia. MC is the
most documented extrahepatic manifestation of chronic
HCV infection and is found in more than half the patients
[10–13]. Of these 10% are symptomatic [13, 14].

Cryoglobulins are circulating immunoglobulins that
precipitate with cold temperature and resolubilize when
warmed. In type II cryoglobulinemia, the cryoglobulins are
composed of two or more classes of different immunoglob-
ulins of which one is a monoclonal IgM component with
rheumatoid factor-like activity [15]. Expansion of rheuma-
toid factor synthetizing B cells represents the biological
hallmark of MC [16]. Many organs including the skin,
gastrointestinal tract, and kidney may be involved. The
classic triad of symptoms in patients with HCV-associated
MC is palpable purpura, weakness, and arthralgia.

3.1. Palpable Purpura/Leukoclastic Vasculitis. Cutaneous vas-
culitis of HCV-related MC, resulting in palpable purpura,
is reported in 24–30% of cryoglobulin positive patients
[4, 17]. It is secondary to small and/or medium vessel
vasculitis with deposition of immune complexes in the
small- and medium-sized dermal vessels [17]. It occurs
intermittently, preferentially during the winter months, and
is nonpruritic. It characteristically begins with involvement
of the lower limbs and moves cranially toward the abdomen,
less frequently involving the trunk and upper limbs. The
face is always spared. The purpura is papular or petechial
and persists for 3–10 days with residual brown pigmentation.
In addition, Raynaud syndrome and acrocyanosis are found
in 25–34% of patients [18]. Cutaneous biopsy shows a
nonspecific mixed inflammatory infiltrate (leukocytoclastic
vasculitis) involving small vessels (Figure 1). Mononuclear
cells may be seen within the walls of the vessels, and, in
some cases, endovascular thrombi and fibrinoid necrosis of
the arteriolar walls may be seen (Figure 2).

3.2. Membranoproliferative Glomerulonephritis. Glomeru-
lonephritis (GN), specifically, type I membranoprolifera-
tive glomerulonephritis (MPGN) is a common presenta-
tion of type II cryoglobulinemia in patients with chronic
HCV infection. Patients may present with proteinuria and
nephrotic syndrome [19–21]. On biopsy, a type I membra-
noproliferative glomerulonephritis is seen, sometimes with
pronounced lobulation of the glomeruli [22]. There may be
massive infiltration of the glomeruli by monocytes as well
as diffuse thickening of the glomerular capillary wall [23].
Periodic acid-Schiff (PAS) positive “hyaline thrombi” can
be seen within the capillary lumina (Figure 3). The light
microscopy appearance may also appear as type III MPGN,

Figure 1: Leukocytoclastic vasculitis: predominantly lymphocytic
mixed inflammatory infiltrate involving small vessels in the dermis
(hematoxylin-eosin, original magnification ×200).

Figure 2: Leukocytoclastic vasculitis: fibrinoid necrosis of dermal
vessels (hematoxylin-eosin, original magnification ×100) (photo
courtesy of Dr. Rajendra Singh).

acute exudative and proliferative glomerulonephritis. MPGN
may be indistinguishable from allograft glomerulopathy in
transplant patients [24]. As in other organs affected by mixed
cryoglobulinemia, leukoclastic vasculitis can be seen in the
kidney.

On immunofluorescence (IF) studies, coarsely granular
deposits of IgG, IgM, and C3 are visualized in the capillary
wall. On occasion, large intraglomerular deposits of C3
and other immunoreactants are seen forming “thrombi”
within the glomerular capillaries [22]. Morphologically, the
location and presence of the deposits is best seen on electron
microscopy (EM). EM shows dense, immune-type mesangial
and subendothelial deposits along the glomerular capillary
walls (Figure 4). At high magnification, the cryoglobulin
deposits often appear as organized tubular, cylindrical, or
crystalloid deposits (Figure 5) [25]. Intramembranous and
subepithelial deposits may be seen rarely, in addition to the
subendothelial deposits [23, 25]. EM is useful in determining
the presence and site of the deposits, which may be difficult
to determine by IF [26].

4. Skin (Not Associated with
Mixed Cryoglobulinemia)

4.1. Porphyria Cutanea Tarda. The prevalence of HCV
infection in patients with porphyria cutanea tarda (PCT)
varies according to region [9, 27]. The prevalence is higher in
southern Europe (65%–91%) compared to northern Europe
(8–17%). In Australia and New Zealand, the prevalence is
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Figure 3: Membranoproliferative glomerulonephritis: PAS-positive
“hyaline thrombi” seen within the capillary lumina (PAS, original
magnification ×400).

Figure 4: Membranoproliferative glomerulonephritis: endocapil-
lary proliferation with extensive subendothelial deposits along the
glomerular capillary walls. Mesangial deposits are present as well
(electron microscopy).

about 20%; while, in the United States, the prevalence is
reported to be 50–75% [27]. PCT results from decreased
activity of the uroporphyrinogen decarboxylase enzyme;
however, the mechanism that links this phenomena to
chronic HCV infection is unknown. In most cases, HCV
exposure and liver dysfunction precede the onset of PCT,
suggesting that the HCV infection may uncover an existing
porphyrin metabolism defect in susceptible patients. His-
tologically, PCT is characterized by cell poor subepidermal
bulla with increased hyaline material in the vessel walls and
basement membrane. The hyaline material is reactive in PAS-
diastase-resistant staining [9]. The dermal papillae are rigid
with festooning (Figure 6).

4.2. Lichen Planus. Lichen planus (LP) is a relatively com-
mon inflammatory skin disease in the general population
and is thought to be related to autoimmunity [28]. The
relationship between HCV infection and LP is controversial;
however, literature analysis has found that, in most studies,
the proportion of HCV-positive patients is higher in the
LP group compared to the general population with the
prevalence of HCV ranging from 16% to 55% and 1-
2%, respectively [5, 29–31]. HCV-related LP lesions are
similar to those of classic LP with the exception of oral

Figure 5: Membranoproliferative glomerulonephritis: subendothe-
lial electron dense deposits in a patient with mixed essential cryo-
globulinemia showing microtubular architecture. Microtubules
measure approximately 30 nm in diameter (electron microscopy).

Figure 6: Porphyria cutanea tarda: subepidermal bulla and festoon-
ing of the dermal papilla are prominent. There is no significant
inflammatory infiltrate (hematoxylin-eosin, original magnification
×100).

involvement, which also occurs in the majority of HCV-
related LP. Histologically, LP is characterized by band-like,
subepidermal, lymphohistiocytic infiltrate with interface
change, “sawtooth” rete ridges, and pigmentary continence
(Figure 7) [9].

4.3. Necrolytic Acral Erythema. Since its initial description
in 1996, necrolytic acral erythema has been described as
a dermatosis, which is almost exclusively associated with
HCV infection [32]. It is characterized by pruritic, sym-
metric, well-demarcated, hyperkeratotic, erythematous-to-
violaceous, lichenified plaques with a rim of dusky erythema
on the dorsal aspects of the feet and extending to the toes.
Disease remission has been described after oral zinc admin-
istration. Thus, it is thought that zinc dysregulation, which
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Figure 7: Lichen planus: there is a band-like infiltrate of lympho-
cytes at the epidermal-dermal junction with damage to the basal cell
layer and pigment incontinence. The epidermis has a saw-toothed
appearance (hematoxylin-eosin, original magnification ×200).

Figure 8: Necrolytic acral erythema: epidermal pallor in the
stratum corneum, hyperkeratosis, dyskeratotic keratinocytes, spon-
giosis, and a superficial perivascular mixed inflammatory infiltrate
in the dermis are seen (hematoxylin-eosin, original magnification
×200) (photo courtesy of Dr. Rajendra Singh).

can occur in hepatitis C, is related to the pathogenesis of these
lesions [33]. Morphologic features include a nonspecific pso-
riasiform pattern, acanthosis, papillomatosis, and hyper- and
parakeratosis, with necrotic keratinocytes in the superficial
epidermis. There is a superficial, perivascular inflammatory
infiltrate comprised predominantly of lymphocytes. Some
lymphocytes extend to a hyperplastic epidermis where there
is spongiosis and foci of sharply demarcated parakeratosis
(Figure 8) [34].

5. Kidney (Not Associated with
Mixed Cryoglobulinemia)

5.1. Membranous Glomerulonephritis. Membranous GN may
also occur in the setting of chronic HCV infection [19, 22]. In
contrast to patients with HCV and MPGN, there is little evi-
dence linking MGN to cryoglobulinemia. Patients with HCV
and MGN do not appear to demonstrate cryoglobuline-
mia or rheumatoid factor [35], and hypocomplementemia
is rarely found [36, 37]. Typically, early-stage MGN is
seen, with no evidence of endocapillary proliferation [22].
Focal segmental glomerulosclerosis may be present [36].
IF studies show diffuse glomerular basement membrane

granular deposits of IgG [37]. Membranous GN appears as
subepithelial electron dense deposits on EM [36, 37].

5.2. Diabetic Nephropathy. Chronic infection with HCV is
associated with insulin resistance (see the following). The
gross and microscopic features of HCV-associated diabetic
nephropathy are the same as diabetic nephropathy not asso-
ciated with HCV. The kidneys may be enlarged in the early
stages of disease due to hyperfiltration and hypertrophy of
the glomeruli within the cortex. As the disease progresses, the
kidney becomes scarred, with loss of nephrons, and decreases
in size. However, end-stage disease does not commonly
show gross contraction [38]. The corticomedullary junction
arteries may be prominent due to arteriosclerosis, and the
main renal artery may show atherosclerosis [22].

The microscopic features include diffuse mesangial scle-
rosis with thickening of glomerular capillary walls and
thickening of the tubular basement membranes. Nodular
lesions, characterized as eosinophilic material within the
mesangium first described by Kimmelstiel and Wilson in
1936, may be seen (Figure 9) [39]. Microaneurysms of
glomerular capillary loops may precede the development
of large nodules [22, 40]. On IF, linear staining along the
glomerular capillary walls with IgG is seen [40, 41].

Exudative lesions, otherwise known as hyalinosis lesions
or fibrous caps, are seen in 60% of diabetic kidneys and may
be secondary to ischemia due to atherosclerosis [40]. These
lesions consist of PAS-positive eosinophilic material that
accumulates between endothelial cells and the glomerular
basement membrane of the capillary loops, eventually filling
the lumen of the capillaries [42, 43]. Hyalinosis lesions
stain brightly on IF for IgM and C3 [41]. Hyalinosis lesions
may also contain fibrinogen, lipoprotein, complement, β-
lipoprotein, and small amounts of IgG [41]. “Capsular drop”
is a lesion that stains similarly to hyalinosis lesions in the
kidney. Capsular drop is identified as a round accumulation
of eosinophilic material between the basement membrane
and the parietal epithelial cells of Bowman capsule [43].
Adhesions between the glomerular lobule and Bowman
capsule may be observed [22].

Other nonspecific findings that are associated with
diabetic renal disease include hyaline arteriolosclerosis, inter-
stitial fibrosis, chronic inflammatory infiltrates, and obsolete
glomeruli [22].

6. Hematologic

6.1. B-Cell Non-Hodgkin Lymphoma. HCV is the stimulus
not only for the apparent benign lymphoproliferative process
underlying a wide spectrum of clinical features but also for
the progression to frank lymphoid malignancy in a subgroup
of patient [44]. Associations between chronic HCV infection
and lymphoproliferative disorders have been described [45].
In patients with B-cell non-Hodgkin lymphoma (NHL),
up to 13% have the HCV antibody [46, 47]. In addition,
approximately 10% of patients with type II cryoglobulinemia
associated with HCV developed NHL over a 10-year follow-
up period [17]. It is believed that HCV E2 antigen binding
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Figure 9: Diabetic Nephropathy: extensive mesangial expansion is seen, with rounded acellular mesangial nodules (Kimmelstiel-Wilson
nodules) (hematoxylin-eosin and PAS, original magnification ×400).

to host CD81 receptors leads to B-cell proliferation, which
may result in lymphoma [46, 48]. Regression of low-grade
NHL has been observed in association with HCV therapy
[49, 50]; however, high-grade HCV-associated lymphoma
requires chemotherapy.

The majority of HCV-associated lymphomas are extra-
nodal and located in the liver (primary hepatic lymphoma)
and salivary glands [49, 50]. The bone marrow and spleen
may also be involved [51, 52].

Morphologically, HCV-associated lymphomas represent
a variety of histological subtypes. Marginal zone, lympho-
plasmacytic, and diffuse large B-cell lymphomas are the
most common histotypes associated with HCV [53, 54].
HCV has also been associated with follicular lymphoma [55,
56] as well as mucosa-associated lymphoid tissue (MALT)
lymphoma, and mantle cell lymphoma [54].

Overall, marginal zone lymphoma appears to be the
most frequently encountered low-grade B-cell lymphoma in
HCV patients [52]. HCV infection is documented in approx-
imately 35% of patients with nongastric B-cell marginal
zone lymphoma [53]. Splenic marginal zone lymphoma, in
particular has a high prevalence of HCV infection and is
often associated with type II cryoglobulinemia [51, 53, 57].
Morphologically, a central zone of small round lymphocytes
surrounds the germinal centers, commonly replacing the
reactive germinal centers in the splenic white pulp. The red
pulp is infiltrated with small lymphocytes and ill-defined
nodules of larger cells (Figure 10) [58]. The tumor cells stain
positively for CD20, CD79a, and BCL2 in the majority of
cases. They are negative for CD5, CD10, CD23, and annexin
A1 [58].

HCV-associated lymphoplasmacytic lymphoma (LPL)
has been associated with type II cryoglobulinemia in some
studies and may be related to geographic location [58].
Morphologically, LPL presents as a relatively monotonous
proliferation of small lymphocytes, plasma cells, and plasma-
cytoid lymphocytes. Dutcher bodies (plasma cells with PAS+
intranuclear inclusions) and mast cells may be seen [58].

Primary hepatic diffuse large B-cell lymphoma (DLBCL)
is also associated with HCV. DLBCL may present on
histology as large lymphoid cells with vacuolated nuclei in a

diffuse infiltrating pattern intermingled with small lymphoid
cells. The large cells typically stain positively for CD20,
CD10, and CD25 [59]. On occasion, NHL may be seen
concurrently with hepatocellular carcinoma [60].

7. Autoimmune/Inflammatory

7.1. Type 2 Diabetes Mellitus. Chronic infection with HCV is
associated with insulin resistance, metabolic syndrome, and
type 2 diabetes [61]. The prevalence of type 2 diabetes has
been reported to be 14–50% in patients with chronic HCV
infection [62]. HCV-associated diabetes is characterized by
insulin resistance and does not appear to be associated
with antibodies directed towards the beta cells in the islets
of Langerhans [63]. The mechanism for insulin resistance
is unclear, but it is thought to be secondary to viral
induced adipocytokine release or HCV viral proteins directly
interfering with inflammatory or muscle insulin signaling
pathways [64]. HCV-related type 2 diabetes mellitus occurs
in association with hepatic steatosis, insulin resistance, and
high levels of both tumor-necrosis factor and CXCL10 [65].

7.2. Sialadenitis/Sicca Syndrome. The association between
sialadenitis and HCV infection was first postulated in 1992,
and the reported occurrence of HCV-related sicca syndrome
ranges from 4 to 57% of chronic HCV patients [4, 61, 66, 67].
The large range may be related to differences in diagnostic
criteria [61]. The mechanism by which HCV results in sicca
syndrome is not well established. The virus has not been
shown to directly infect salivary gland tissue [68], and it
is likely that HCV-related sicca syndrome is the product of
host immune-mediated mechanism, rather than direct viral
effect [69]. Patients may present with oral or ocular dryness.
Histologic examinations of salivary gland biopsies in HCV-
infected patients show pericapillary and nonpericanalary
lymphocytic infiltration. The glandular canals are typically
spared (Figure 11) [61].

7.3. Autoimmune Thyroiditis. Autoimmune thyroid disease
is commonly associated with HCV. Hypothyroidism is
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Figure 10: Marginal zone lymphoma of the spleen: (A) there is effacement of splenic architecture by sheets of monotonous small-to-medium
size lymphocytes (hematoxylin-eosin, original magnification ×200). Immunohistochemical stains show that the lymphocytes are positive
for BCL2 (B) and CD20 (C), and negative for CD10 (D) (immunoperoxidase, original magnifications ×200 ((A) through (D))).

Figure 11: Sialadenitis: there is extensive lymphoid infiltrate with
interstitial fibrosis and acinar atrophy (hematoxylin-eosin, original
magnification ×100).

seen in 3.5–13% of patients with chronic HCV [70, 71].
Patients generally present with the most common cases
of autoimmune thyroid disease: Graves’s disease (GD)
and Hashimoto’s thyroiditis (HD). The pathogenesis of
HCV-related autoimmune thyroid disease is unknown. Two
hypotheses have been proposed: primary viral cytopathic
effect and secondary induced autoimmunity [72]. Interferon
therapy may also induce antithyroid antibodies or uncover
underlying Hashimoto’s thyroiditis or Graves’s disease,
which can be refractory to discontinuation of therapy
[71, 73].

In the early stages of Hashimoto’s thyroiditis, the
thyroid is firm, symmetrically enlarged, and has a tan-
yellow appearance corresponding to lymphoid tissue on

gross examination. The gland may become atrophic in end-
stage disease. Histological findings include small, atrophic
thyroid follicles with lymphoplasmacytic infiltration and
well-developed germinal centers (Figure 12) [26]. The lym-
phocytic infiltrate is composed of mixed T and B cells in an
even ratio [26].

In Graves’s disease, the thyroid has marked vascularity
and is diffusely enlarged. Histologic examination shows
prominent vascular congestion, follicular hyperplasia, and
papillary hyperplasia. The follicular cells appear columnar
with enlarged nuclei that may demonstrate nuclear clearing,
mimicking papillary carcinoma (Figure 13) [26]. Reactive
lymphocytes are found in the stroma [74].

8. Conclusion

Chronic hepatitis C virus infection is associated with mul-
tiple extrahepatic manifestations (EHMs) affecting various
organs in the body. While there is some evidence that
the virus may play a direct role in HCV-related B-cell
lymphomas via direct HCV antigen stimulation of B-cells,
most EHMs are generally believed to be secondary to the host
immune response to the virus.

In some conditions, the histopathologic changes of EHM
are related to circulating immune complexes such as type
II cryoglobulinemia, and their subsequent deposition in
the small vessels and glomerular capillary walls, leading to
leukoclastic vasculitis in the skin and membranoproliferative
glomerulonephritis in the kidney.

Other HCV-associated entities like sialadenitis, sicca syn-
drome, lichen planus, and autoimmune thyroiditis, while not
associated with cryoglobulinemia, appear to be secondary
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Figure 12: Hashimoto thyroiditis: there is extensive lymphocytic
infiltrate with germinal center formation. Follicular cells are slightly
enlarged with partial nuclear clearing (hematoxylin-eosin, original
magnification ×100).

Figure 13: Graves disease: there is follicular hyperplasia with intra-
cellular colloid droplets, cell scalloping, a reduction in follicular
colloid, and a multifocal lymphocytic infiltrate (hematoxylin-eosin,
original magnification ×200).

to autoimmune processes resulting in chronic inflammatory
infiltrates.

In porphyria cutanea tarda, the disease process is thought
not to be related to host immune response to HCV, but rather
to HCV-associated liver dysfunction.

The role of the virus in insulin resistance in HCV-
associated diabetes is unclear, but it is thought to be
secondary to either viral induced inflammation or direct
interference of the virus on muscle insulin signaling.

In summary, chronic HCV infection may result in a mul-
titude of disease processes affecting the small vessels, skin,
kidneys, salivary glands, eyes, thyroid, and immunologic
system. The sequelae of extrahepatic HCV infection are seen
histomorphologically as chronic inflammation, immune
complex deposition, and immunoproliferative disease in the
affected organs.
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Chronic infection with hepatitis C virus (HCV) is associated with a wide spectrum of extrahepatic manifestations, affecting
different organ systems. Neurological complications occur in a large number of patients and range from peripheral neuropathy to
cognitive impairment. Pathogenetic mechanisms responsible for nervous system dysfunction are mainly related to the upregulation
of the host immune response with production of autoantibodies, immune complexes, and cryoglobulins. Alternative mechanisms
include possible extrahepatic replication of HCV in neural tissues and the effects of circulating inflammatory cytokines and
chemokines.

1. Introduction

Chronic infection with hepatitis C virus (HCV), a hepa-
totropic and lymphotropic agent, is a growing global health
issue affecting an estimated 170 million people [1]. In
addition to be a leading cause of chronic hepatitis, cirrhosis,
and hepatocellular carcinoma (HCC), chronic HCV infec-
tion has been associated with more than 30 extrahepatic
manifestations (EHMs), affecting a large proportion of
infected patients [2]. Many EHMs, including a number of
neurological conditions, are immunologic/rheumatologic in
nature, as a consequence of B-cell proliferation with ensuing
production of monoclonal and polyclonal autoantibodies
displaying rheumatoid factor activity or cryoglobulin prop-
erties [3]. In addition, lines of evidence suggest that the
brain, but not peripheral nerves or skeletal muscles, is a per-
missive site for viral replication, as evinced from quasispecies
analysis and the detection of replicative intermediate forms
of HCV RNA and viral proteins within the central nervous
system (CNS) [4]. Additional mechanisms, contributing to
neurological dysfunction, are possibly related to the effect of
circulating inflammatory cytokines and chemokines reach-
ing brain tissues across altered sites of the blood-brain bar-
rier. Cryoglobulinemia, the most frequent and best-studied

EHM of HCV infection, is detected in up to 50% of HCV-
infected patients, inducing symptomatic disease in nearly
15% of cases. Cryoglobulins (CGs) are cold-precipitable
immunoglobulins, which, following vascular deposition,
elicit inflammation and occlusion of small- and medium-
size blood vessels. Three types of CG are recognized, either
essential or secondary to autoimmune disorders, chronic
infections, and lymphoproliferative diseases [5]. Type I CG
(10–15% of cases) is monoclonal Ig; type II CG, a mixture
of monoclonal Ig rheumatoid factor and polyclonal IgG,
accounting for 50–60%, is typically found in patients with
chronic HCV infection or primary Sjögren syndrome; type
III CG, polyclonal IgG and IgM rheumatoid factor, is seen
in lymphoproliferative disorders, chronic infections, and
autoimmune diseases [6]. Up to 95% of type II and III CG,
or “mixed CG” (MC), are associated with chronic HCV/HIV
infection. Mechanisms of CG-induced ischemic tissue dam-
age are secondary to lymphocytic microvasculitis and/or
necrotizing arteritis, with transmural fibrinoid necrosis,
thrombotic lumen occlusion, and polymorphonuclear cell
infiltration. Typical clinical manifestations of symptomatic
CG include cutaneous purpura, arthralgias, peripheral neu-
ropathy, and membranous proliferative glomerulonephritis
[5, 7]. About 17–60% of patients with CG develop peripheral
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neuropathy, often at disease onset, while CNS involvement
occurs in approximately 6% of cases. In addition to causing
vascular damage, CGs represent an independent risk factor
for carotid plaque formation, hepatic fibrosis, and liver
steatosis. Less frequent EHMs of HCV infection, representing
potential threats for neurological involvement, include non-
Hodgkin’s lymphoma, diabetes, thyroid abnormalities, and
rheumatological diseases. Importantly, most of EHMs may
improve or even resolve after antiviral treatment, especially
in subjects attaining a sustained virological response. The
spectrum of CNS and neuromuscular disorders associated
with chronic HCV infection is reported in Table 1.

2. Neurological Manifestations

HCV-related CNS complications encompass a wide spec-
trum of disorders ranging from cerebrovascular events
to autoimmune syndromes. However, their relatively low
frequency, in addition to the heterogeneity of neurological
manifestations, and the paucity of pathological observations,
largely preclude the achievement of reliable information as to
the pathogenesis of different syndromes.

Acute cerebrovascular events, including ischemic stroke,
transient ischemic attacks, lacunar syndromes, or rarely
hemorrhages, have been reported in HCV-infected patients
[8–10], being the initial manifestation of HCV infection in
some cases [11]. The occurrence of occlusive vasculopathy
and vasculitis are well-known events [12, 13]. Isolated
CNS vasculitis has been coupled with angiographic evi-
dence of multiple focal narrowing of cerebral arteries, and
full recovery has been achieved with corticosteroids and
cyclophosphamide [14]. In some patients, CNS ischemic
changes may occur in the setting of an antiphospholipid-
associated syndrome [15], or in association with antineu-
trophil cytoplasmic antibodies. Recently, HCV has been
connected with the metabolic syndrome and evidence has
been provided that HCV infection represents an independent
risk factor for increased carotid wall thickness and plaque
formation, thus contributing to significant cerebrovascular
mortality, especially in patients with elevated HCV-RNA
levels [16].

Acute or subacute encephalopathic syndromes, clinically
characterized by cognitive impairment, confusion, altered
consciousness, dysarthria, dysphagia, and incontinence, have
been associated with diffuse involvement of the white matter
in HCV chronically infected patients with CG and/or circu-
lating anticardiolipin antibodies. An ischemic pathogenesis
of these rapidly evolving syndromes is supported by MRI
findings showing small lesions in subcortical regions and
periventricular white matter. Moreover, severe and diffuse
infra- and supratentorial white matter alterations, highly
suggestive of vasculitis, are observed in subjects with coin-
cidental systemic vasculitis. Pathological evidence of CNS
vasculitis-induced ischemic damage was first provided in a
patient with MC, peripheral neuropathy, and relapsing mul-
tiinfarct encephalopathy [17]; in this case, neuropathological
examination showed multiple ischemic lesions, 0.5–3 mm in
diameter, in the white matter of cerebral hemispheres and

Figure 1: Axial FLAIR MRI of the brain showing periventricular
hyperintense areas in a patient with chronic HCV infection and
cognitive changes.

cerebellum, and parenchymal infiltration and accumulation
of lymphocytes around small vessels. The occurrence of
possible vasculitis-induced ischemic changes has been also
claimed in a patient with chronic HCV infection, MC,
Sjögren syndrome, and sensory neuropathy, who developed
skin vasculitis and leukoencephalopathy over a three-year
period [18]. Taken together, these reports suggest that active
HCV infection can be responsible for acute/subacute white-
matter involvement, when associated with CG, coagulation
disorders, or systemic vasculitis.

In addition to encephalopathic syndromes, slowly evolv-
ing cognitive decline, clinically characterized by impair-
ment of attention, executive, visual constructive, and spa-
tial functions, has been correlated to an increased occur-
rence of periventricular white matter high intensity signals
(WMHISs) on T2-weighted MRI [19]. In these patients,
a relationship between CG level and number of impaired
cognitive functions was observed, while no correlation
was found with systemic manifestations of CG, including
peripheral neuropathy. WMHIS changes likely reflect the
occurrence of small vessel disease, which leads to chronic
hypoperfusion of the white matter and local alteration of the
blood-brain barrier in anatomical regions where precapillary
arterioles are widely spaced and present a poor anastomosing
network (Figure 1).

The spectrum of CNS syndromes encountered in HCV
patients is not limited to the foregoing vasculitic and vas-
culopathic forms, but also includes inflammatory disorders,
such as acute encephalitis, encephalomyelitis, and meningo-
radiculitis/polyradiculitis. There are reports of patients with
rapidly evolving leukoencephalitis with microglial nodules
and perivascular T-cell infiltrates in association with HCV
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Table 1: HCV-associated CNS and neuromuscular syndromes.

Disorders Clinical Features

Neurological

Stroke, TIA, lacunar syndromes Focal signs

Acute encephalopathic forms Confusion, altered consciousness, incontinence

Leukoencephalopathy Multifocal signs and symptoms, cognitive dysfunction, tetraparesis, aphasia

Encephalomyelitis Motor, sensory and sphincter deficits, seizures

Myelitis Sensory ataxia, spastic paraplegia

Cognitive/Neuropsychiatric

Fatigue Sensation of physical and mental exhaustion

Psychiatric disorders Depression, anxiety

Cognitive dysfunction
Alterations in verbal recall, working memory, sustained attention, concentration,

learning skills

Peripheral Neuropathies

Sensorimotor axonal polyneuropathies Sensory loss, distal weakness

Large fibres sensory neuropathies Reduced touch and proprioception sensations, sensory ataxia

Small fibres sensory neuropathies Burning feet, pain, restless legs syndrome

Motor axonal polyneuropathies Distal weakness

Mononeuropathies Deep aching pain, truncular deficits

Mononeuropathy multiplex Stocking-glove asymmetric neuropathy

Demyelinating forms Sensory loss, distal weakness, areflexia

Myopathies

Noninflammatory Progressive proximal/generalized weakness, atrophy

Inflammatory Progressive symmetrical proximal weakness, atrophy, dysphagia, interstitial lung disease

genome presence [20] or fatal progressive encephalomyelitic
syndromes, pathologically characterized by neuronal loss
and perivascular lymphocyte cuffing in the brainstem and
cervical spinal cord [21]. In these cases, available evidence
suggests the occurrence of an immune-mediated process
induced by HCV, rather than a direct effect of the virus.

Sacconi et al. described a patient with acute disseminated
encephalomyelitis (ADEM), an autoimmune postinfectious
CNS disease, developing after HCV infection and responsive
to steroid therapy, further supporting the role of cellular
immunomediated mechanisms in CNS complications of
HCV infection [22]. Chronic HCV infection may also induce
humoral-mediated demyelination, sequentially or simulta-
neously involving the CNS and PNS. Recurrent episodes
of CNS and PNS demyelination suggestive of antibody-
mediated autoimmunity or, in alternative, of a direct cyto-
pathic effect of the virus, have been reported in a patient with
active HCV replication [23]. Relapsing forms of central and
peripheral demyelination, worsened by interferon treatment,
have also been described [24].

Additional examples of HCV-triggered demyelination are
observed in patients with myelitis. Myelitis is considered an
infrequent neurological complication in patients chronically
infected with HCV, although available evidence suggests that
a high percentage of patients with recurrent inflammatory
transverse myelitis, but not monophasic myelitis, test positive
to anti-HCV antibodies and have serum HCV-RNA [25].
HCV-related myelitis occurs acutely [26] or subacutely [27,
28], the neurological presentation ranging from transverse

myelitis to acute partial transverse myelopathy, sensory
ataxia, or spastic paraplegia; many patients present a recur-
rent course and have a multisegmental spinal involvement
at MRI, usually at cervical and thoracic levels (Figure 2).
Notably, patients with negative imaging have been reported.
A common feature of HCV-associated myelitis is the pres-
ence of circulating anti-HCV antibodies, but not serum
CG or HCV-RNA sequences in the CSF. Neuropathological
examination of spinal cord has been performed in a few
subjects. Biopsy-proven acute demyelination, accompanied
by parenchymal and perivascular infiltration of macrophages
and lymphocytes, but not vasculitis, has been reported in
a 46-year-old man with a history of recurrent myelitis
and chronic HCV infection [29]. Biopsy specimens of the
spinal cord were negative for HCV antigens and HCV-
RNA; on the contrary, anti-HCV antibodies, but not HCV-
RNA, were found in the CSF. Necrotic changes in asso-
ciation with proliferation of hyalinized small vessels and
infiltration by macrophages and T lymphocytes, mimicking
neuropathological features of Sjögren syndrome, have been
reported in spinal cord biopsies of a patient with stepwise
progressive longitudinal myelopathy and chronic HCV infec-
tion, suggesting an ongoing immune-mediated and ischemic
pathogenesis [30].

3. Cognitive/Neuropsychological Symptoms

More than half of patients with chronic HCV infection com-
plain of “brain fog” (fatigue, impaired concentration, and
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Figure 2: Sagittal (a) and axial (b) T2-weighted MRI sequences
disclose cervical spinal cord hyperintensity in a patient with HCV-
related myelitis.

poor memory) and have a reduced quality of life, regardless
of the severity of liver involvement or virus replication rate.
Fatigue, cognitive dysfunction, and mood alterations display
a profound effect on social and physical functioning, thus
further impacting health-related quality of life (HRQL). In
earlier studies, fatigue was shown to have a major functional
role in patients with chronic HCV infection [31]. Chronic
fatigue is perceived as a sensation of physical and mental
exhaustion, and, when severe, it is accompanied by deficits of
attention tasks, anomia, and word-finding difficulties, in the
absence of verbal memory or cognitive ability impairments.
In addition, some HCV patients with severe fatigue also
complain of muscle and joint pain, sleep disturbances,
restless leg syndrome, headache, and depression. Alterations
in brain metabolism and neurotransmission, responsible
for dysfunction of the ascending reticular activating sys-
tem, putamen, globus pallidus, and the limbic system, are
associated with chronic fatigue. Forton et al. [32] using
magnetic resonance spectroscopy (MRS) found elevated
choline/creatine (Cho/Cr) ratio in the basal ganglia and
frontal white matter of HCV-infected patients, which was
not related to the degree of liver disease, viral genotype, or
other factors. These authors first suggested that the above
changes were secondary to microglial activation, as an effect
of HCV brain infection or peripheral cytokines. On the
other hand, Weissenborn et al. [33] showed a decrease of
the N-acetyl-aspartate(NAA)/Cr ratio in the frontal grey
matter of HCV-patients, but no changes of the Cho/Cr
ratio. Both findings have been confirmed using a different
approach for MRS analysis, suggesting the occurrence of
increased cell membrane turnover and decreased neuronal
function [34]. More recently, the study of 53 HCV-positive
patients with mild liver involvement and neuropsychiatric

symptoms, disclosed increased Cho and myo-inositol con-
centrations in basal ganglia and white matter and increased
Cr, NAA, and N-acetyl-aspartyl-glutamate in basal ganglia
[35], findings consistent with HCV-induced chronic cellular
inflammation. A neurochemical basis for chronic fatigue
in HCV-infected patients was suggested by the observation
that treatment with ondansetron, a competitive antagonist
of serotonin receptors, was effective in ameliorating fatigue
in a patient with HCV infection. A significant improvement
of the fatigue and depression scores with ondansetron
was also found in a placebo-controlled randomized study
involving 36 patients with chronic HCV infection [36].
These findings further support a major role for serotonin-
ergic pathway dysfunction in causing fatigue and are in
keeping with data showing decreased serum tryptophan
levels and related reduction in serotonin synthesis [37,
38]. Alterations in mesencephalic/hypothalamic serotonin
(SERT) and striatal dopamine transporter (DAT) binding
capacity have been documented by single-photon emission
tomography (SPECT) in HCV patients with pathological
performance at psychometric tests [39]. More recently, an
investigation of 15 HCV patients reporting neuropsychiatric
symptoms was performed by combining neuropsychological
tests, 18F-fluoro-desoxy-glucose (FDG) positron emission
tomography (PET), and SERT; results showed significant
reduction in striatal and midbrain dopamine availability
and reduced metabolism in limbic, frontal, parietal, and
temporal cortices, confirming a major role for defective
dopaminergic transmission in causing cognitive impairment
in HCV-infected patients [40].

Among EHM affecting HRQL, sexual dysfunction and
psychiatric disturbances play a major role. Most HCV
patients present depression and anxiety, and, using DSM-
IV criteria, it has been found that 28% of chronically HCV-
infected subjects have depression. In addition, about 15%
of patients may suffer of recurrent brief depression [41], a
common subtype of cognition-impairing affective disorder,
sharing many indicators with major depressive disorder,
except the duration of depressive episodes. The occurrence
of depression has been attributed to psychological factors,
or to specific determinants, including immune mechanisms,
derangement of the blood-brain-barrier integrity, viral
replication within the CNS, iatrogenic factors, or altered
dopaminergic and serotoninergic transmission. Admittedly,
mental instability and depression are factors limiting the
adherence to specific antiviral treatment, such as conven-
tional interferon formulations or pegylated interferons [42].
While the emergence of mild depression during interferon
treatment can be safely managed with antidepressant at low
doses, in moderate to severe depression, which affects up
to 44% of patients in antiviral therapy, is mandatory to
reduce or discontinue interferon treatment, especially in the
presence of active suicidal ideation. Proposed neurobiolog-
ical mechanisms of interferon-induced depression remain
to be elucidated, although changes in the hypothalamic-
pituitary adrenal axis and in the central catecholamine and
serotonin systems, as well as downregulation of serotonin
synthesis, have been claimed. However, these mechanisms
remain putative and additional studies are warranted [43].
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To date, cognitive impairment in chronic HCV infection
has been reported in most studies, with the exception of
two reports, showing unimpaired cognitive performance
despite impaired quality of life in patients enrolled after
diagnosis at blood donation [44], and no deficits in attention,
adaptive behavior, and intelligence in young HCV-positive
children and adolescents with hemophilia [45]. Impaired
ability in sustained attention and decreased concentration
and psychomotor speed were described earlier [33, 46],
although these changes are also found in mildly fatigued
patients. Fontana et al. [47] showed prevailing alterations
in verbal recall and working memory in about one third of
HCV-infected patients, including subjects with liver cirrhosis
and substance abuse history. In this study, depression scores
were found to be predictors of cognitive impairment. The
study on a small cohort of homogeneous state-infected
population with mild liver involvement and similar history
of iatrogenic HCV exposure reported alterations in general
memory, sustained attention, and delayed auditory recog-
nition; importantly, fatigue correlated only with delayed
auditory memory recall ability [48]. Investigations employ-
ing neurophysiological tests of cognitive processing, such as
P300 event-related potentials, have revealed delayed peak
latencies and reduced amplitudes in cognitively impaired
HCV-infected patients. The use of P300, as an indepen-
dent measure of cerebral information processing, has the
advantage of avoiding the bias of confounding factors such
as fatigue or depression, and, in addition, represents a
sensitive marker of deranged cortical activation associated
with conscious attention. Indeed, investigation of a large
population of patients with chronic HCV infection has
disclosed the occurrence of subclinical cognitive dysfunction
in 18% of subjects; in these cases, delayed peak latencies and
reduced amplitudes of P300 largely correlated with fatigue
[49].

While definitive conclusions regarding the pathogen-
esis of cognitive dysfunction, fatigue, and depression in
HCV infection require further elucidation, many recent
data support a major role for the virus itself in causing
CNS pathology. Accordingly, the detection of negative-
strand HCV RNA in brain tissues of infected patients has
suggested that HCV replicates within the CNS; in addition,
the diversity of viral quasispecies between the CNS and
liver supports an independent life of the virus within the
brain [4]. CNS-specific HCV quasispecies have been found
to share their genomic sequences with those detected in
lymphoid tissues and peripheral blood mononuclear cells
(PBMC), but not with liver and serum HCV variants. These
molecular data have suggested that infected PBMC could
mediate HCV entry in the CNS [50–54] by a “Trojan
horse” mechanism [46]. Furthermore, the detection of
HCV proteins in macrophages/microglia and astrocytes of
postmortem brain samples from patients coinfected with
HCV/HIV or monoinfected with HCV suggests a major role
for these cells in supporting replication [55]. More recent
studies indicate that the brain microvascular endothelial
cells (BMECs) are a preferential site of HCV tropism and
replication. The demonstration that infection of BMEC
causes \linebreak apoptosis in vitro has suggested that

alterations of the blood-brain-barrier could be responsible
for microglia activation, following the entry across the brain
of inflammatory cytokines and chemokines [56].

4. Peripheral Neuropathies

The PNS is variably affected in HCV-infected patients,
mainly depending on the presence and type of CG,
associated comorbidities, and iatrogenic factors. In HCV-
associated type I CG, the involvement of PNS is rare, and,
therefore, the pathogenesis is not entirely understood; our
experience is consistent with axonal forms of polyneu-
ropathy, pathologically characterized by perivascular infil-
trates, endoneurial purpura, and microangiopathy, overall
suggesting an ischemic pathogenesis linked to endoneurial
microcirculation obstruction [57]. Conversely, in patients
with HCV-associated MC, the involvement of the PNS ranges
from 26% to 86%, in accordance with the disease stage and
the clinical/electrophysiological protocols for neuropathy
ascertainment. In most cases, pathological features are
indicative of ischemic nerve changes, as a consequence of
small vessel vasculitis, or, less frequently, necrotizing arteritis
of medium-sized vessels [58]; the presence of circulating CG
is predictive of severe PNS involvement and a cryocrit level
higher than 5% is detected in aggressive vasculitic forms,
with recurrent purpura. In patients without CG, immune
complexes or HCV-induced autoimmune mechanisms may
play a pathogenetic role in inducing vascular and perivascu-
lar inflammation, which may be driven by an intrinsic nerve
population of immunocompetent and potentially phagocytic
cells [59]. The possible role of HCV in inducing vascular
inflammation is suggested by pathological/molecular studies
of nerve biopsies showing the presence of nonreplicative
HCV-RNA in epineurial cells, in close spatial relationship
with mononuclear inflammatory infiltrates, speaking in
favor of HCV-mediated cellular inflammation [60, 61].
This is in keeping with the detection of positive-strand
genomic HCV RNA in nerve and muscle tissue samples
of patients with peripheral neuropathy, necrotizing arteritis
and small-vessel lymphocytic vasculitis, findings suggestive
of an immune-mediated pathogenesis, rather than a direct
viral damage. Many patients develop a symmetrical sensory
or sensorimotor axonal-type polyneuropathy, with sensory
loss and weakness in distal regions of limbs, a pattern
suggestive of a length-dependent process [62], similarly
to the most frequent form of neuropathy encountered in
HIV-1 infection [63]. Alternative common presentations
include mononeuropathies and mononeuropathy multiplex,
the latter producing a stocking-glove asymmetric neuropathy
or overlapping syndrome (Figure 3). Cranial nerves are
usually spared, although involvement of the abducens, facial,
and motor trigeminal nerves has been reported. At variance
with earlier reports, in more recent series of patients with
HCV-associated neuropathy, sensory neuropathy represents
the most prevalent form [64, 65]. The asymmetrical sensory
variants include large-fiber sensory neuropathy (LFSN)
and small-fiber sensory polyneuropathy (SFSN). LFSN is
characterized by sensory loss, paresthesias, numbness, and
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Figure 3: Clinical patterns of PNS involvement in HCV infection.

cramps; conversely, SFSN, a painful condition targeting small
myelinated and unmyelinated sensory axons, is clinically
characterized by burning feet, tingling, restless leg syndrome,
and, rarely, complex regional pain syndrome type 1 [66];
in some patients LFSN and SFSN may coexist. Intriguingly,
patients with SFSN may disclose a pattern suggestive of
ganglionopathy. Unusual forms of PNS involvement include
pure motor polyneuropathies [67] and autonomic neuropa-
thy [68].

The spectrum of peripheral neuropathies in HCV infec-
tion is not limited to axonal forms, but encompasses a num-
ber of demyelinating conditions. A patient with subacute
sensory ataxia and IgMk cryoglobulin with demyelinating
and axonal features was reported by Lippa et al. [69]. In
addition, sensory demyelinating polyneuropathy, responsive
to immunomodulatory treatment, has been also detected
in subjects with polyclonal hypergammaglobulinemia or
IgM monoclonal gammopathy, in the absence of CG [70],
suggesting the occurrence of humoral immune-mediated
demyelination. Other forms of HCV-related demyelinating
conditions include the Lewis-Sumner syndrome [71] and
chronic inflammatory demyelinating polyradiculoneuropa-
thy [72].

5. Myopathies

The association between chronic HCV infection and myopa-
thy is infrequent, and only few cases of noninflammatory
and inflammatory myopathies have been reported so far.
Clinical features of HCV-related myopathies widely range
from progressive weakness to relapsing forms, and it is
not unusual to find subjects with only mild elevation of
muscle enzymes and/or moderate weakness, which leads to
considerable diagnostic difficulties.

In noninflammatory myopathies, pathological features
are variegate and include vacuolar changes [73] or necro-
tizing myopathy [74], in association with slowly or pro-
gressive proximal weakness, and selective atrophy of type 2
fibers in relapsing myopathy. The occurrence of oxidative
mitochondrial damage has been suggested in a patient with

severe ptosis, diplopia, generalized weakness and respiratory
involvement, complex III deficiency and ultrastructural alter-
ations of mitochondrial shape and cristae [75]. Moreover, a
pathogenic role for circulating cytokines and growth factors
in mediating muscle damage has been advanced based on
experimental findings showing that HCV promotes TNF-
mediated apoptosis in myocytes [76].

At variance with noninflammatory myopathies, the clin-
ical presentation of inflammatory forms is usually subacute
and insidious, and muscle biopsies usually show various
degrees of focal or diffuse muscle inflammation. Polymyositis
is frequently reported in HCV infection, either without
[77, 78] or with CG [79], being associated with interstitial
lung disease in some patients. The presence of genomic HCV
RNA, but not replicative intermediates in muscle specimens,
a picture suggestive of an autoimmune HCV-triggered
process, has been detected in patients with polymyositis
[80, 81]. Additionally, evidence of complement activation
with membrane attack complex deposition, in addition to
cytotoxic T cell activation, has been obtained in a patient
with inflammatory myopathy and muscle HCV RNA [82].

Dermatomyositis has been reported in a few patients
with incidentally discovered HCV infection, as well as in
subjects with long-term chronic HCV and hepatocellular
carcinoma. Although the pathogenesis of HCV- or HCV-
HCC-related dermatomyositis remains unexplained to date,
a role for circulating anti-aminoacyl-tRNA synthetase anti-
bodies, including anti-Jo1 and anti-Mi2 autoantibodies, has
been suggested [83].

Alternative pathogenic mechanisms, involving HCV-
induced oxidative DNA damage, have been advanced in
patients with muscle deposition of HCV-RNA/HCV antigens
and inclusion body myopathy, a muscular disorder whose
classification under inflammatory forms is currently under
debate [84, 85].

References

[1] G. M. Lauer and B. D. Walker, “Hepatitis C virus infection,”
New England Journal of Medicine, vol. 345, no. 1, pp. 41–52,
2001.

[2] I. M. Jacobson, P. Cacoub, L. Dal Maso, S. A. Harrison,
and Z. M. Younossi, “Manifestations of chronic hepatitis C
virus infection beyond the liver,” Clinical Gastroenterology and
Hepatology, vol. 8, no. 12, pp. 1017–1029, 2010.

[3] F. Dammacco, D. Sansonno, C. Piccoli, V. Racanelli, F. P.
D’Amore, and G. Lauletta, “The lymphoid system in hepatitis
C virus infection: autoimmunity, mixed cryoglobulinemia,
and overt B-cell malignancy,” Seminars in Liver Disease, vol.
20, no. 2, pp. 143–157, 2000.

[4] N. F. Fletcher and J. A. McKeating, “Hepatitis C virus and the
brain,” Journal of Viral Hepatitis, vol. 19, no. 5, pp. 301–306,
2012.

[5] D. Sansonno and F. Dammacco, “Hepatitis C virus, cryoglob-
ulinaemia, and vasculitis: immune complex relations,” Lancet
Infectious Diseases, vol. 5, no. 4, pp. 227–236, 2005.

[6] R. Sargur, P. White, and W. Egner, “Cryoglobulin evaluation:
best practice?” Annals of Clinical Biochemistry, vol. 47, no. 1,
pp. 8–16, 2010.



Clinical and Developmental Immunology 7

[7] S. J. Robbins, A. A. M. Shaheen, and R. P. Myers, “Immuno-
logic complications of the hepatitis C virus,” Current Hepatitis
Reports, vol. 6, no. 4, pp. 138–144, 2007.

[8] L. Origgi, M. Vanoli, A. Carbone, M. Grasso, and R. Scorza,
“Central nervous system involvement in patients with HCV-
related cryoglobulinemia,” American Journal of the Medical
Sciences, vol. 315, no. 3, pp. 208–210, 1998.

[9] M. Ramos-Casals, A. Robles, P. Brito-Zerón et al., “Life-
threatening cryoglobulinemia: clinical and immunological
characterization of 29 cases,” Seminars in Arthritis and
Rheumatism, vol. 36, no. 3, pp. 189–196, 2006.

[10] G. W. Petty, J. Duffy, and J. Huston, “Cerebral ischemia in
patients with hepatitis c virus infection and mixed cryoglobu-
linemia,” Mayo Clinic Proceedings, vol. 71, no. 7, pp. 671–678,
1996.

[11] P. Cacoub, A. Sbaı̈, P. Hausfater, T. Papo, A. Gatel, and J.
C. Piette, “Central nervous system involvement in patients
with hepatitis C virus infection,” Gastroenterologie Clinique et
Biologique, vol. 22, no. 6-7, pp. 631–633, 1998.

[12] M. G. Arena, E. Ferlazzo, D. Bonanno, P. Quattrocchi, and B.
Ferlazzo, “Cerebral vasculitis in a patient with HCV-related
type II mixed cryoglobulinemia,” Journal of Investigational
Allergology and Clinical Immunology, vol. 13, no. 2, pp. 135–
136, 2003.

[13] J. G. Heckmann, C. Kayser, D. Heuss, B. Manger, H. E. Blum,
and B. Neundörfer, “Neurological manifestations of chronic
hepatitis C,” Journal of Neurology, vol. 246, no. 6, pp. 486–491,
1999.

[14] T. M. Dawson and G. Starkebaum, “Isolated central nervous
system vasculitis associated with hepatitis C infection,” Journal
of Rheumatology, vol. 26, no. 10, pp. 2273–2276, 1999.

[15] S. D. H. Malnick, Y. Abend, E. Evron, and Z. M. Sthoeger,
“HCV hepatitis associated with anticardiolipin antibody and
a cerebrovascular accident: response to interferon therapy,”
Journal of Clinical Gastroenterology, vol. 24, no. 1, pp. 40–42,
1997.

[16] M. H. Lee, H. I. Yang, C. H. Wang et al., “Hepatitis C virus
infection and increased risk of cerebrovascular disease,” Stroke,
vol. 41, no. 12, pp. 2894–2900, 2010.

[17] M. Serena, R. Biscaro, G. Moretto, and E. Recchia, “Peripheral
and central nervous system involvement in essential mixed
cryoglobulinemia: a case report,” Clinical Neuropathology, vol.
10, no. 4, pp. 177–180, 1991.

[18] R. Buccoliero, S. Gambelli, F. Sicurelli et al., “Leukoen-
cephalopathy as a rare complication of hepatitis C infection,”
Neurological Sciences, vol. 27, no. 5, pp. 360–363, 2006.

[19] M. Casato, D. Saadoun, A. Marchetti et al., “Central nervous
system involvement in hepatitis C virus cryoglobulinemia
vasculitis: a multicenter case-control study using magnetic
resonance imaging and neuropsychological tests,” Journal of
Rheumatology, vol. 32, no. 3, pp. 484–488, 2005.

[20] F. Seifert, T. Struffert, M. Hildebrandt et al., “In vivo detection
of hepatitis C virus (HCV) RNA in the brain in a case
of encephalitis: evidence for HCV neuroinvasion,” European
Journal of Neurology, vol. 15, no. 3, pp. 214–218, 2008.
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Hepatitis C virus (HCV) infection is a serious public health problem because of its worldwide diffusion and sequelae. It is not
only a hepatotropic but also a lymphotropic agent and is responsible not only for liver injury—potentially evolving to cirrhosis
and hepatocellular carcinoma—but also for a series of sometimes severely disabling extrahepatic diseases and, in particular, B-cell
lymphoproliferative disorders. These latter range from benign, but prelymphomatous conditions, like mixed cryoglobulinemia,
to frank lymphomas. Analogously with Helicobacter pylori related lymphomagenesis, the study of the effects of viral eradication
confirmed the etiopathogenetic role of HCV and showed it is an ideal model for better understanding of the molecular mechanisms
involved. Concerning these latter, several hypotheses have been proposed over the past two decades which are not mutually
exclusive. These hypotheses have variously emphasized the important role played by sustained stimulation of the immune system
by HCV, infection of the lymphatic cells, viral proteins, chromosomal aberrations, cytokines, or microRNA molecules. In this
paper we describe the main hypotheses that have been proposed with the corresponding principal supporting data.

1. Introduction

Hepatitis C virus (HCV) infection is a major public health
problem with an estimated 3-4 million people infected each
year worldwide and about 170–200 million carriers. These
latter are at risk of developing liver cirrhosis and/or liver
cancer. More than 350,000 people die from HCV-related liver
diseases each year. Moreover, these estimates do not take into
account the extrahepatic aspects of HCV infection.

Early after its discovery, it was shown that HCV is also a
lymphotropic virus [1]. As a consequence of the lymphatic
infection, several lymphoproliferative disorders (LPDs) have
been associated with this virus [2], including mixed
cryoglobulinemia (MC), B-cell non-Hodgkin’s lymphoma
(NHL) [3–10] and monoclonal gammopathies [11–13].

Mixed cryoglobulinemia is the most frequent and well
known LPD developing during HCV infection. Although
clinically benign, MC is a prelymphomatous disorder leading
to NHL in about 5–10% of cases. This makes MC a valuable
model for study of pathogenetic mechanisms of HCV-related
LPDs [2–14]. MC was previously interpreted as a lymphoma

in situ, being characterized by bone marrow and/or liver
infiltrates closely resembling NHL [15]. Therefore, it was
hypothesized that HCV may be involved in the pathogenesis
of NHL as well [1, 4]. This hypothesis was substantiated
by several observations, including the significantly high
prevalence of HCV infection in NHL patients in several
studies [6, 7, 10, 12, 16–18]. A lot of data are presently
available showing, in most cases, a significant association
with B-cell NHL, even with a clear south-north gradient
and involving different histopathological types of lymphoma,
the most strictly associated being the lymphoplasmacytic,
marginal zone and diffuse large B-cell lymphoma [19]. A
case-control study has shown that HCV infection increases
the risk for NHL involving the liver and major salivary
glands by about 50-fold (i.e., a risk higher than that for
hepatocellular carcinoma) and the risk for NHLs at other
sites by about 4-fold [20].

The observation of the effect of viral eradication using
antiviral agents strongly supports the etiopathogenetic link
between HCV infection and lymphomagenesis. Analogously
with what has been reported for MC, in the case of low
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Figure 1: Pathogenesis of HCV-related lymphoproliferative disorders (LPDs). Main working hypotheses and their principal interconnec-
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grade B-cell lymphoma—and especially in cases of splenic
lymphoma—clinical remission following effective antiviral
therapy in HCV-associated cases has been observed [21–
23].

Interestingly, in a recent Japanese study involving about
3,000 HCV-infected patients observed during a long-term
follow-up, it was shown that the annual incidence of
lymphoma was 0.23% and the cumulative rate of lymphoma
development after 15 years was 2.6% in both the untreated
and non-responder patients with persisting infection versus
0% in treated patients achieving viral eradication, strongly
suggesting that antiviral therapy protects against the devel-
opment of lymphoma [24].

2. Mechanisms of
HCV-Related Lymphomagenesis

Several hypotheses, frequently interconnected with each
other, have been proposed in regard to the possible
mechanisms of HCV-related lymphomagenesis (Figure 1).
These include a key role played by the sustained antigenic
stimulation of the B-cell compartment, the role of viral lym-
photropism and viral proteins, chromosomal aberrations,
cytokines, and microRNAs.

2.1. The Role of Sustained Antigenic Stimulation. Sustained
HCV-driven antigenic stimulation has been suggested to
play a key role in inducing B-cell clonal expansion char-
acterizing these disorders (Figure 2). The presence in the
liver of lymphatic structures resembling lymphatic follicles
is characteristic of HCV infection. It has been suggested that
they represent an important site of B-cell clonal expansion,
especially in patients with MC, where they have been found
in almost all cases [25]. Furthermore, B lymphocytes isolated

from hepatic follicles produced rheumatoid factor (RF)
that most frequently display the WA cross-reactive idiotype,
considered to be characteristic of MC [25]. In particular,
it was observed that intrahepatic B-cell clonalities were
invariably associated with extrahepatic manifestations of
HCV infection, including high serum levels of RF activity,
cryoglobulins, monoclonal gammopathy of undetermined
significance (MGUS), and frank B-cell NHL [26]. The key
role of antigen-driven stimulation in HCV-related lympho-
proliferation was also supported by a study investigating
mutations in the V(H) and V(K) genes of the B-cell clone
inducing a frank NHL in an MC patient and producing
an IgM homologous to a protein with RF specificity. The
observation of an IgH ongoing mutation process and the
expression of an Ig antigen receptor significantly homolo-
gous to an anti-HCV protein suggested that both MC and
NHL were antigen-driven LPDs sustained by HCV [27]. The
analysis of bone marrow specimens from the same patient
taken at different times during the evolution from MC to
NHL showed a marked reduction in intraclonal diversity at
the stage of overt NHL, indicating a minor dependence of
the cells on the antigen-driven mechanism. Such a progres-
sive independence from the initial etiologic agent may be
deduced also by the effects of viral eradication in patients
with variable severity of the HCV-related LPD (see also
the following). Analogously with Helicobacter pylori-related
lymphomagenesis, it is conceivable that, during the multistep
lymphomagenic process, progressive independence from the
antigen-driven mechanism will develop, possibly due to the
occurrence of chromosomal translocations or other genetic
aberrations [14, 28] (Figure 2).

It has also been suggested that the same HCV antigens
may be involved in the induction of both MC and lymphoma
[27, 29]. The viral antigen/s responsible for B-cell clonal
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expansion are not perfectly defined yet. However, De Re and
colleagues showed that, in patients with MC and immuno-
cytoma, the B-cell receptor (BCR) of the monoclonal,
overexpanded B-cell population, as well as the IgM-RF+
component of the cryoprecipitate, showed cross-reactivity
against HCV NS3 antigen [30].

Other studies have focused on the possible role of
proteins of the HCV envelope and mainly on HCV E2 protein
(Figure 2). It has been shown that E2 interacts with the
tetraspanin CD81, present also on the B-cell surface. This
binding has been suggested to be responsible for sustained
polyclonal B-cell activation essentially by lowering the B-cell
activation threshold [31, 32].

Data supporting the hypothesis that some HCV-
associated lymphomas could originate from B cells that
were initially activated by the HCV-E2 protein have been
provided. In fact, Quinn and coworkers showed that the
immunoglobulin from one of two HCV-associated lym-
phomas they tested bound the E2 protein in a manner iden-
tical to a bona fide human anti-E2 antibody, hypothesizing
that the B-cell activation derived from the dual binding of
E2 to a cognate BCR and to the CD81 molecule, which is a
component of a signaling complex [33].

Interestingly, the HCV-E2 protein appears to mimic
human Ig. In fact, it was observed that the N-terminal region
of E2 is antigenically and structurally similar to human
Ig variable domains and could represent a target for anti-
human IgG antibodies [34]. Consistently, the analysis of
the CDR3 sequences of the IgM-RF+ purified from the
cryoprecipitate in MC patients allowed the identification of
HCV-E2 as the antigen driving the production of IgM-RF
[35].

2.2. The Role of Viral Lymphotropism and Viral Proteins. The
potential role of viral lymphotropism in the pathogenesis
of HCV-related LPDs has been emphasized since the first
evidence of the presence of viral replication in lymphatic
cells [1] (Figure 2). The association between viral infection
of peripheral blood mononuclear cells (PBMCs) and the
presence of LPDs was initially shown in patients with MC,
where more evident infection of PBMCs in comparison
with HCV-positive patients without MC was observed [4].
HCV infection was then observed by Galli et al. in bone
marrow cells from all patients with MC versus 43% of
patients without MC [36]. After these pioneering reports,
a large amount of data correlating the presence of HCV
in the lymphatic compartment and the development of
autoimmune/lymphoproliferative disorders has been pro-
duced. In a study using the model of injection of lymphoid
cells from HCV-positive patients into SCID mice, it was
shown that the samples derived from HCV patients with
malignant LPD were characterized by positivity for HCV
replicative intermediates, stronger signals when tested for
HCV genomic sequences, and successful serial passage of
infected cells in different animals [37]. In addition, Sung
and coworkers showed the establishment of B-cell lines per-
sistently producing infectious virus from an HCV-positive
lymphoma [38].

One interesting point about the actual dimension of lym-
phocyte infection in HCV+ subjects has been provided by Pal
and coworkers who showed HCV infection in 85% of lymph
node specimens tested by in situ hybridization and HCV
replication in 50% of cases by detection of HCV replicative
intermediate [39]. Interestingly, quasispecies analysis in one
case indicated that 68% of variants circulating in serum
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were also present in lymphoid tissues, and only 40% of
serum variants were identified in liver, documenting a major
contribution of lymphoid replication to HCV viremia [39].

The existence of lymphotropic viral quasispecies has also
been demonstrated by elegant studies evaluating HCV IRES
sequence in liver and PBMC and its ability to drive viral
genome translation in different cell types [40, 41].

The M. Lai’s group, using a model of in vitro HCV
infection of B-cells, showed that the viral infection may
induce an enhanced mutation rate of immunoglobulin genes
and some oncogenes, possibly through induction of error-
prone DNA polymerase and activation-induced cytidine
deaminase (AID), suggesting that HCV may cause tumors
by a hit-and-run mechanism [42]. More recently, Ito and
coworkers observed a dramatically increased expression of
AID in the B-cells of HCV patients, suggesting that this may
be a key factor in the lymphomagenetic process mediated
by HCV [43]. Furthermore, a significantly higher expression
of several lymphomagenesis-related genes in the CD19+ of
HCV patients than in controls was also shown [43].

In regard to viral proteins, particular attention has
been focused on the HCV core protein due to previously
shown pleiotropic effects on different cell signaling pathways
modulating cell viability and proliferation [44]. Focusing on
animal models, core transgenic mice developed lymphoma
with a high frequency (80%) at ages over 20 months [45].
The core mRNA was shown in the enlarged lymph nodes
of the transgenic mice which developed lymphoma. In
another transgenic model, where the IFN signaling was
disrupted, the inducible and persistent expression of the
HCV core in the context of all structural proteins was
associated with the development of lymphoid disorders
including frank lymphoma, suggesting a synergistic action
of the viral proteins with IFN signaling impairment in
promoting lymphomagenesis [46].

More recently, the expression of the whole HCV genome,
restricted to the B-cell compartment, resulted in a high
prevalence of diffuse large B-cell lymphoma (DLBCL)(up to
29%) within 600 days after birth [47]. Interestingly, the HCV
core gene was expressed in all lymphomas. A wide analysis
of the cytokine and chemokine pattern showed elevated
levels of serum IL-2Rα in mice with lymphoma, directly
originating from lymphoma tissue [47].

The expression of the HCV core in primary B cells by
an adenoviral vector significantly inhibited B-lymphocyte
apoptosis and induced a dramatic down regulation of MHC
class II molecules. Moreover, genes associated with leukemia
and B-lymphoma were consistently up regulated by the HCV
core in this model [48].

Finally, in a study performed on both B-cell lines
expressing the HCV core protein and in primary B-cells
from patients with LPDs, it was possible to show the altered
expression of some isoforms of genes of the p53 family, the
DNp63 and DNp73, previously shown to be overexpressed in
human cancers, including lymphoma [49, 50].

Although ectopic protein expression in both in vivo and
in vitro models does not perfectly reproduce the actual
situation during chronic viral infection, the consistency
and coherence of the data accumulated until now suggest

a potential lymphomagenic effect of the core protein when
expressed as a single protein or in the context of other viral
proteins.

2.3. Chromosomal Aberrations. Interesting data are available
about the role played by chromosomal aberrations in HCV-
related LPDs. The most investigated genetic aberration was
the (14;18) translocation—t(14;18)—that was found to be
significantly associated with type II or monoclonal MC.
The presence of t(14;18) in MC was correlated with the
overexpression of the antiapoptotic bcl-2 gene in B-cells,
resulting in an imbalance of the Bcl-2/Bax ratio and abnor-
mal B-cell survival [51, 52] (Figure 2). The regression of the
expanded B-cell clones following effective antiviral treatment
and, in some relapsing patients, a new expansion of the
same clones were also shown [53]. Furthermore, a long-term
follow-up study allowed the identification of occult HCV
persistence limited to the lymphatic compartment in some
patients resulting sustained viral responders after antiviral
therapy [54, 55]. More interestingly, such a persistent occult
lymphatic infection was associated with the initial diagnosis
of MC, the persistence of some MC symptoms after therapy,
and the persistence of expanded t(14;18)+ B-cell clones
[54, 55]. The observation of the possibility, even if rare, of
a persisting MC disease in spite of complete viral eradication
suggested the existence of points of no return in the evolution
of the HCV-related lymphoproliferation.

Recently, Goldberg-Bittman et al. reported an increased
rate of aneuploidy in chronically infected HCV subjects
versus healthy controls, with values similar to an NHL
group. This observation suggests that HCV patients could
be more prone to develop a lymphatic malignancy also
because of bearing such alterations of the ploidy grade
[56]. An important contribution to understanding the set of
chromosome instability associated with HCV infection was
provided by a study of Machida and coworkers. The authors
observed a reduced expression of Rb protein—responsible
for cell cycle arrest in case of DNA abnormalities—in various
conditions including HCV-infected PBMCs isolated from
patients, hepatocyte models infected in vitro with HCV or
transfected with the viral core protein alone, and transgenic
mice expressing core protein. In fact, lower levels of Rb
could easily lead to skipping the mitosis checkpoints and
contribute to generation of polyploid cells, a condition
favoring neoplastic transformation [57].

2.4. Cytokines, Chemokines, and HCV-Related LPDs. Cytok-
ines and chemokines are essential mediators of the immune
response. A disturbance of the equilibrium between activat-
ing and repressing effects of these soluble molecules may
be responsible for several autoimmune/lymphoproliferative
disorders. Numerous reports have suggested that cytokines
and chemokines are key factors in the pathogenesis of
HCV-related LPDs. The MC model, as prelymphomatous
condition, has been widely used to investigate the cytokine
pattern characteristic of HCV-related LPDs. The role of Th1
cytokine profile (IFNγ and TNFα) and some chemokines
(MIP-1α, MIP-1β, CXCL10, and CXCR3) in the pathogenesis
of HCV-MC has been suggested by the elevated expression
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of these mediators observed in vasculitic lesions of MC
patients [58]. CXCL13 was another chemokine reported
as upregulated in MC patients [59]. This chemokine, also
known as BCA-1 (B-cell-attracting chemokine-1) or BLC
(B-lymphocyte chemoattractant), is a major regulator of B-
cell trafficking, and its expression has been found to be
significantly enhanced in microdissected samples from liver
biopsy of patients with active cutaneous vasculitis. Antonelli
and coworkers showed that serum concentrations of different
cytokines and chemokines are significantly modified in MC
patients [60] and have recently investigated the potential
role of CXCL-10 and CXCL-11 in the pathogenesis of MC
[61, 62]. In fact, high serum concentration of these soluble
factors has been shown in HCV patients with MC when
compared to patients without MC and healthy controls.

A growing body of evidence has accumulated in recent
years showing the involvement of the B-cell-activating factor
(BAFF or BLyS) in the pathogenesis of HCV-related LPDs
(Figure 2). This B-cell-specific cytokine, belonging to the
TNF-α family, is essential for B-lymphocyte development
and survival. Several reports have shown a higher BAFF
serum concentration in HCV patients than in healthy
controls and, more significantly, in HCV patients with LPDs
(for review, see [63]). The mechanisms of the enhanced
serum concentration of BAFF in HCV-LPD patients have not
been elucidated yet. A possible explanation has been recently
suggested by the analysis of the polymorphic variants of the
BAFF gene promoter. A particular allelic variant (−871 T),
reported to induce an increased transcriptional activity of the
BAFF gene [64], was significantly more frequent in patients
with HCV-related MC than in HCV patients without MC.
The genetic data were corroborated by the presence of higher
levels of the cytokine in the serum of MC patients [65, 66].

Concerning HCV-positive subjects with NHL, Libra et al.
showed an increase in the circulating levels of IL-1β [67]. As
well, high serum osteopontin (OPN) levels were associated
with B-cell NHL and HCV infection. Interestingly, the
highest serum OPN concentrations were found among HCV-
infected patients with concomitant type II MC with and
without B-cell NHL [68].

2.5. MicroRNAs and HCV-Related LPDs. Increasing evidence
supporting the role of microRNA (miRNA) deregulation
in the pathogenesis of chronic hepatitis C infection and
related disorders has been provided in the last years (for
review: [69]). MiRNAs are small RNA molecules (19–22-
mer noncoding RNAs) able to induce translational inhibition
of target genes by partial base complementarity to the
target mRNA 3′UTR. A liver-specific miRNA, miR-122, has
been shown to be important for HCV replication [70].
It has been shown that interferon treatment can regulate
miR-122 and other miRNA levels and that these latter
mediate—at least in part—the antiviral effects of IFN [71].
These in vitro data have been partially corroborated by
the observation of modified levels of miR-122 in patients
unresponsive to the IFN therapy [72]. A few data are still
now available concerning the involvement of miRNAs in the
pathogenesis of HCV extrahepatic disorders. An interesting
report recently analyzed the global miRNA expression profile

in HCV-related and unrelated splenic marginal zone lym-
phomas (SMZLs). By using large-scale miRNA expression
profiling analysis, Peveling-Oberhag and coworkers [73]
quantitatively evaluated the expression of 381 miRNAs in
microdissected SMZLs (HCV-positive and -negative) and
in normal splenic tissues. The difference in expression
profiles arose between SMZLs and normal spleens for 12
miRNAs, most of which were previously involved in various
mechanisms of tumor formation for both lymphomas and
other tumors. Only one miRNA, miR-26b, known to show
tumor-suppressive activity, was significantly down regulated
in HCV-positive lymphomas compared to HCV-negative
SMZLs, suggesting a possible specific mechanism by which
the virus might unfold its oncogenic potential in malignant
lymphoma.

3. Conclusions

In conclusion, as summarized in Figure 2, current data
suggest that HCV lymphomagenesis is a complex, multistep,
multifactorial process, probably based on sustained B-cell-
activation and the inhibition of B-cell apoptosis within a
background of predisposing genetic factors and evolving
through the progressive addition of genetic aberrations
which allow the process to become progressively less depen-
dent on the etiologic agent.
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Hepatitis C virus (HCV) infection is probably the most common chronic viral infection and affects an estimated 180 million people
worldwide, accounting for 3% of the global population. Although the liver is considered to be the primary target, extrahepatic
manifestations are well recognized among patients with chronic HCV infection. Epidemiological studies have clearly demonstrated
a correlation between chronic HCV infection and occurrence of B-cell non-Hodgkin’s lymphomas (B-NHL). The clinical evidence
that antiviral therapy has a significant role in the treatment at least of some HCV-associated lymphoproliferative disorders,
especially indolent B-NHL, further supports the existence of an etiopathogenetic link. However, the mechanisms exploited by HCV
to induce B-cell lymphoproliferation have so far not completely clarified. It is conceivable that different biological mechanisms,
namely, chronic antigen stimulation, high-affinity interaction between HCV-E2 protein and its cellular receptors, direct HCV
infection of B-cells, and “hit and run” transforming events, may be combined themselves and cooperate in a multifactorial model
of HCV-associated lymphomagenesis.

1. Introduction

Hepatitis C virus (HCV) is an enveloped positive, single-
stranded RNA virus, belonging to the Flaviviridae fam-
ily [1]. During its replicative cycle it goes through a
negative-stranded RNA, but not DNA, intermediate, so
that integration of HCV nucleic acid sequences into the
host genome seems unlikely. The HCV genome encodes a
single polyprotein precursor of approximately 3000 amino
acids, which is proteolytically processed by viral and cellular
proteases to produce structural (nucleocapsid, E1, and E2)
and nonstructural (NS) proteins (NS2, NS3, NS4A, NS4B,
NS5A, and NS5B). The HCV envelope proteins consist of
two heavily glycosylated proteins, E1 and E2, which act as
the ligands for cellular receptors [1, 2].

Human CD81 is the first identified necessary receptor
for HCV cell entry, which can directly bind with HCV E2
protein [3, 4]. CD81 is a widely distributed cell-surface

tetraspanin that participates in different molecular com-
plexes on various cell types, including hepatocytes, B-lymp-
hocytes, T-lymphocytes, and natural killer cells. It has been
proposed that HCV exploits CD81 not only to invade
hepatocytes but also to modulate the host immune responses
[5].

Infection with HCV affects an estimated 180 million
people, accounting for 3% of the global population [6,
7]. HCV is a well-recognized etiologic agent of chronic
hepatitis. Although the natural history of HCV infection
is highly variable, an estimated 15% to 30% of patients
in whom chronic infection develops have progression to
cirrhosis over the ensuing three decades, and these latter
patients warrant surveillance for complications, including
hepatocellular carcinoma (HCC), which develops in 1%–3%
of such patients per year [6, 7]. Indeed, the risk of HCC in
the HCV-infected population is 23–35 times higher than in
noninfected healthy individuals [8, 9].
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Although the liver is considered to be the primary
target of HCV infection, extrahepatic manifestations, such as
mixed cryoglobulinemia (MC), which is a systemic immune
complex-mediated disorder characterized by B-cell prolifer-
ation that may evolve into overt B-cell non-Hodgkin’s lym-
phoma (B-NHL) in about 10%–20% of patients several years
after diagnosis, are often recognized among patients with
chronic HCV infection [10–12]. Moreover, epidemiological
evidences strongly suggest a close link between chronic HCV
infection and de novo B-NHL, not complicating the course
of MC [13–16]. The possible pathogenetic mechanisms of
HCV-induced B-cell lymphomagenesis are reviewed.

2. Epidemiologic Association of
HCV and B-NHL

Evans and Mueller proposed that either epidemiologic or
virologic guidelines need to be fulfilled to support an
etiologic role for a virus in a given human cancer [17].
Suggested epidemiologic guidelines included the following:
(a) the geographic distribution of viral infection should
coincide with that of the tumor; (b) the presence of viral
markers should be higher in case subjects than in matched
control subjects; (c) viral markers should precede the tumor,
with a higher incidence of tumors in persons with the marker
than in those without; (d) prevention of viral infection
should decrease tumor incidence [17]. Suggested virologic
guidelines included the following: (a) the virus should be
able to transform human cells in vitro; (b) the viral genome
should be demonstrated in tumor cells and not in normal
cells; (c) the virus should be able to induce the tumor in an
experimental animal [17].

As far as the association between HCV infection and
occurrence of B-NHL is concerned, most of the epidemi-
ologic guidelines for causality from Evans and Mueller are
met. HCV is associated with certain B-NHL types, especially
in geographic areas with HCV endemicity, like Italy, Japan,
and Egypt, where prevalence rates range from 20% to 40%
[14, 15, 18–21], whereas in nonendemic areas, as Northern
Europe, North America and United Kingdom, the prevalence
of HCV infection in B-NHL is far less than 5% [22–24].
The possibility is raised that in these latter geographic areas
where HCV prevalence among subjects not affected with B-
NHL is low, the spread of the virus may be recent, thus not
allowing the full consequences on B-NHL development to
be observed. Moreover, studies from areas with low HCV
prevalence may not have included sufficient numbers of
patients to detect a significant association between HCV
and B-NHL [16]. Taken together, the epidemiologic analyses
demonstrated that the prevalence of HCV infection in
patients with B-NHL is approximately 15% [25]. The preva-
lence of anti-HCV antibodies and/or HCV RNA sequences is
significantly higher in patients with B-NHL than in patients
with other lymphoid malignancies or in age matched healthy
subjects. Furthermore, HCV infection often precedes by
years the occurrence of lymphomas [26]. In a recent meta-
analysis focusing on 15 studies, the pooled relative risk (RR)
of all B-NHL among HCV-positive persons was found to be

2.5 (95% confidence interval (CI), 2.1–3.1) in case-control
studies and 2.0 (95% CI, 1.8–2.2) in cohort studies [27].
Another meta-analysis reviewed data from 23 studies (4,049
NHL patients and 1,813,480 controls) and found a stronger
association (odds ratio 5.70) [28]. It should be noted that RR,
although moderate (2-3 on average) in comparison to HCV
and HCC association, were similarly increased for all major
B-NHL subtypes and primary sites of presentation [16, 29].
Only slightly higher RR for extranodal compared with nodal
B-NHL were reported for HCV-positive patients, but this
difference was largely due to the early studies. Moreover,
extensive studies did not demonstrate clear differences on
the association between HCV and major histologic B-
NHL subtypes, either indolent, namely, follicular, marginal
zone (MZL), lymphoplasmacytic, and chronic lymphocytic
leukemia/small lymphocytic lymphoma, or aggressive diffuse
large B-cell (DLBCL) and Burkitt lymphoma [16, 29, 30].
In fact, earliest studies suggesting a stronger association
of HCV with certain subtypes, such as lymphoplasma-
cytic/Waldenstrom lymphomas, were performed mainly in
HCV-infected subjects with MC, a subset of patients in
which these lymphoma subtypes have been reported to be
highly prevalent [16, 29]. Conversely, one of the largest case-
control studies to date found a higher OR (3.5 versus 2.3)
for aggressive versus indolent lymphomas, respectively, and
suggested that previous data may have also been influenced
by the relatively poorer prognosis associated with aggressive
lymphomas [14]. Patients with HCV-related DLBCL may
have more aggressive clinical features at presentation in
comparison to HCV-negative patients [31, 32].

The possible association between specific viral geno-
types and malignant lymphoproliferative disorders remains
a controversial issue. There are at least six major HCV
genotypes whose prevalence varies geographically. Genotype
1 accounts for the majority of infections in North America,
South America, and Europe [7]. Various clinical studies
failed to demonstrate a link between specific viral genotypes
and B-NHL, but it should also be noted that this issue
was not specifically addressed in several other series. Luppi
et al. documented an unexpectedly lower prevalence of
HCV genotype 1b/II in patients with B-NHL. Conversely,
the prevalence of genotypes 2a/III and 2b/IV was higher
in patients with B-NHL than in either hemodialysis or
chronic liver disease patients, thus suggesting that different
HCV variants may show greater lymphotropism [33]. Recent
epidemiologic evidence from a multicenter retrospective
study also suggested that genotype 2 may be more prevalent
and carcinogenic in lymphoma patients [34]. In details,
HCV-positive patients were classified as cancer patients (129
patients, including 53 hematologic malignancies and 76
solid tumors), immunocompetent (333 subjects) and HCV-
HIV coinfected (102 patients). Genotype 1 predominated
(84%) in immunocompetent as compared to patients with
HCC (74%, P = .08) or lymphoma (59%, P = .001).
By contrast, genotype 2 was more prevalent in patients
with lymphoma (24%), compared to immunocompetent
(8%, P = .003), yielding a 3-fold increase in cancer
risk among HCV-infected patients than other genotypes
[34]. Interestingly, Pellicelli et al. [19] observed that DLBCL



Clinical and Developmental Immunology 3

patients had a higher prevalence of genotype 1 and a shorter
duration of HCV infection, as compared to patients with
indolent, low-grade B-NHL, who showed a higher prevalence
of genotype 2 and longer duration of HCV infection. Because
HCV genotype 2 is associated with a longer duration of
viral infection, it has been speculated that over time it
may induce a persistent chronic immunostimulation of B-
cells. On the contrary, direct lymphocyte transformation
could be hypothesized for HCV genotype 1 in aggressive
lymphomas, on the basis of the shorter duration of viral
exposure [19]. Future perspective studies enrolling a large
number of patients are warranted to further investigate the
different distribution and carcinogenic potential of different
HCV genotypes.

The regression of HCV-related B-NHL following antivi-
ral therapy probably represents the strongest argument in
favor of an etiologic link between HCV infection and certain
human lymphomas [16, 26]. Several clinical trials showed
that antiviral therapy, mostly based on peg-interferon and
ribavirin, resulted in either complete or partial remissions
of lymphoma in HCV-positive but not HCV-negative B-
NHL patients [29, 35–37]. A systematic review has shown
that complete responses were achieved in 75% of the
HCV-positive cases [38]. Lymphoma regression was usu-
ally positively correlated with viral load reduction [29].
These trials have been conducted in asymptomatic indolent
lymphomas during a phase in which no other therapeutic
intervention was administered. For aggressive lymphoma or
symptomatic indolent lymphoma, HCV eradication alone
is not an option. These patients require systemic therapy
with rituximab and chemotherapy-based regimens as first
treatment. Nevertheless, antiviral therapy to eradicate HCV
may be an option after successful lymphoma therapy.
Whether HCV eradication after-chemoimmunotherapy may
impact future survival outcome remains uncertain [29].
Regarding this topic, La Mura et al. retrospectively analyzed
343 patients affected with NHL [39]. Twenty-five of the 69
HCV-positive subjects received antiviral therapy (interferon
and ribavirin) following antineoplastic treatment, in order
to eradicate HCV infection. Overall survival (OS) was
slightly better in HCV-infected NHL patients treated with
antiviral therapy compared with untreated, even if without
statistically significance. Conversely, disease-free survival
(DFS) was significantly improved in treated versus untreated
patients. A sustained virologic response was obtained in
8/25 (32%) HCV-positive NHL patients who underwent
antiviral treatment. None of the patients who eradicated
HCV infection had a lymphoma relapse at followup, whereas
5/17 of those who did not respond to antiviral therapy expe-
rienced relapses. At multivariate analysis, the independent
factors related to a better DFS in this series were antiviral
therapy and indolent histology at the onset of lymphoma
[39]. Antiviral treatment may be a strategy to reinforce the
results of successful chemoimmunotherapy regimens, but
future prospective studies are needed to further investigate
this clinical issue. Of interest, a recent study has shown that
HCV-infected patients who had received interferon therapy
and had experienced a sustained virologic response had a
hazard ratio of lymphomagenesis that was significantly lower

than patients who had not received antiviral treatment [40].
These data suggest that antiviral treatment may also be
efficacious in preventing lymphomagenesis in HCV-infected
patients. Moreover, it should be of interest to investigate
the impact of newer directly acting antiviral agents, such
as protease inhibitors telaprevir and boceprevir [11, 41–43],
on the future prevalence and clinical outcome of B-NHL
in patients with chronic HCV infection. While reactivation
risk of hepatitis B virus (HBV) after chemoimmunotherapy
is well recognized and prophylactic antiviral therapy to
suppress HBV-DNA is widely recommended, the issue of
HCV reactivation in lymphoma patients undergoing anti-
neoplastic treatments is lesser understood [29, 44]. However,
a significant proportion of patients with HCV-positive NHL,
when treated with conventional chemoimmunotherapy, may
develop liver toxicity due to either direct cytotoxicity or
increased drug toxicity from suboptimal drug metabolism
[29, 45]. The addition of rituximab to chemotherapy does
not seem to impact significantly on liver toxicity [45]. HCV-
RNA levels appear to increase during chemoimmunotherapy
as a result of viral reactivation, but HCV-RNA levels
subsequently decrease at 6 months posttreatment, often
without major clinical consequences to most patients [44].
Nevertheless, it should also be noted that massive liver
necrosis may occur in HCV-positive lymphoma patients on
withdrawal of chemotherapy or reduction of corticosteroids,
suggesting an immune-mediated mechanism of hepatic
damage [44, 46]. Without initial liver dysfunction, HCV-
positive patients with NHL could experience a similar
outcome compared with their HCV-negative counterparts,
when treated with conventional chemoimmunotherapy [44,
47]. A protective role of antiviral prophylaxis to suppress
HCV replication during antineoplastic treatments has not
yet been defined [29, 44]. Prospective studies and longer
followups are necessary to ascertain whether HCV-positive
B-NHL patients have inferior outcome or whether there
would be long term consequences of chemoimmunotherapy
on the progression of liver disease [47]. Patients with HCV
infection and lymphoma are recommended to be carefully
monitored for hepatotoxicity and HCV-RNA levels. Further-
more, hematologists and hepatologists should work closely
together in order to optimize the management of HCV
infection throughout lymphoma treatment and improve
clinical outcome [29].

3. Mechanisms of HCV-Induced
Lymphoproliferation

The biological rational for investigating a causal association
between HCV infection and the occurrence of B-NHL is
based on epidemiological and clinical observations. Never-
theless, limited information are so far available about the bio-
logical mechanisms of HCV-induced lymphoproliferation.
Evidences from experimental studies suggest that several
different mechanisms may be involved in HCV-mediated B-
cell transformation [16, 29, 48].

Similarly to the association of Helicobacter pylori infec-
tion and gastric MALT lymphoma, the concept of chronic
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Figure 1: (A–D) The different oncogenetic mechanisms are not mutually exclusive, but they may be integrated and cooperate in a
multifactorial pathogenetic model of HCV-associated B-cell lymphoproliferation.

antigen stimulation leading to a monoclonal malignant
proliferation may also be applied to HCV (Figure 1(A))
[49, 50]. Interestingly, HCV-associated B-NHL generally
originate from germinal center (GC) or post-GC B-cells,
suggesting that lymphomagenesis occurs when B-cells expe-
rience somatic hypermutation and proliferate in response
to an antigen [51, 52]. Further evidence comes from the
antibody response and immunoglobulin variable (Ig VH)
gene usage in patients with chronic HCV infection and
HCV-associated B-NHL. In three out of five HCV-positive
nodal MZLs, Marasca et al. revealed the usage of the VH1-
69 gene with similar CDR3, indicating a highly biased and
nonrandom use of the VH segments in this subtype of
tumors [53]. These data indicated the role of a common
antigenic epitope involved in the selection and in the
expansion of the B-cell clone at the origin of neoplastic
cells. The VH1-69 immunoglobulin segment is expressed in
the restricted repertoire of fetal liver B lymphocytes and is
thought to be involved in natural immunity. A productive
VH1-69 rearrangement is present in 1.6% of normal B
lymphocytes in adults. VH1-69 is rearranged in 10% to
20% of B-cell chronic lymphocytic leukemia and a VH1-69
monoclonal rearrangement is also present in the majority
of patients with type II MC, a typical HCV-related disorder
[53]. Further experimental sequencing of clonal Ig variable
regions from both MC and HCV-associated B-NHL patients
documented restricted IgV gene repertoire, with expression
of VH and VL genes (VH1-69 and Vκ3-A27), suggesting
exposure and response to a common antigen [54–56]. Of
note, HCV-E2 protein is the primary target of antibody
responses against HCV [57]. Quinn et al. obtained the
cloning of the B-cell receptor from one HCV-positive DLBCL

and its expression as a soluble immunoglobulin [58]. The
immunoglobulin rescued was shown to bind the HCV-E2
glycoprotein in a manner identical to a bona fide human
anti-E2 antibody, suggesting that some HCV-associated B-
NHL may originate from B-cells that were initially activated
by HCV-E2 protein [58]. Similarly, in a reported case of
an HCV-associated plasma cell leukemia, immunoblotting
showed that the monoclonal IgG-kappa detected in the
serum was directed against a viral protein, namely, the
HCV core protein [59]. These and other studies suggest an
indirect, antigen-driven lymphomagenetic role of HCV, with
HCV-E2 protein recognized as one of the most important
antigens involved in chronic B-lymphocyte stimulation [16,
26, 29].

A second mechanism, potentially involved in HCV-
associated lymphomagenesis, derives from the high-affinity
binding between HCV-E2 and one of its receptors, the
tetraspanin CD81, expressed on B-cells (Figure 1(B)) [16].
CD81 is known to form B-cell costimulatory complex with
CD19, CD21, and interferon-inducible Leu-13 (CD225)
proteins. This complex reduces the threshold for B-cell
activation via the B-cell receptor by bridging antigen specific
recognition and CD21-mediated complement recognition
[60, 61]. It was reported that engagement of CD81 on human
B-cells by a combination of HCV E2 protein and anti-CD81
mAb leads to the proliferation of naive B-cells, and E2-
CD81 interaction induces protein tyrosine phosphorylation
and hypermutation of the immunoglobulin genes in B-
cell lines [62]. In addition to direct effects on B-cells,
engagement of CD81 on T-cells lowered the threshold for
interleukin-2 production, resulting in strongly increased T-
cell proliferation. This could lead to T-cell activation in
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response to suboptimal stimuli and bystander activation
of B-cells [63]. Taken together, these results suggest that
CD81 engagement on B- and T-cells may lead to direct
or indirect activation [16]. Chronic B-cell proliferation, in
response to antigenic stimulation or polyclonal activation,
may predispose to genetic lesions such as translocation
and/or overexpression of the antiapoptotic protein Bcl-2
[64]. In a recent study, human Burkitt’s lymphoma cell line
(Raji cells) and primary human B lymphocytes (PHB) were
treated with HCV-E2 protein and HCV particles produced
by cell culture (HCVcc) [65]. The results showed that both
E2 and HCVcc triggered phosphorylation of IkBα, with
subsequent increased expression of NF-kB and NF-kB target
genes, such as antiapoptotic Bcl-2 family proteins (Bcl-2
and Bcl-xL). Either Raji cells or PHB cells were protected
from FAS-mediated death. In addition, both E2 protein and
HCVcc increased the expression of costimulatory molecules
CD80, CD86, and CD81 itself, and decreased the expression
of complement receptor CD21. The effects were dependent
on E2-CD81 interaction on the cell surface, since CD81-
silenced Raji cells did not respond to both treatments.
Moreover, an E2 mutant that loses the CD81 binding activity
could not trigger the responses of both Raji cells and PHB
cells. Of note, the effects were not associated with HCV
replication in cells [65]. Hence, E2-CD81 engagement plays a
role in activating B-cells, protecting B-cells from activation-
induced cell death, and regulating immunological function.
These latter mechanisms may contribute to the pathogenesis
of HCV-associated B-cell lymphoproliferative disorders [65].
Moreover, the interaction between HCV-E2 and CD81 on B-
cells has been shown to stimulate the enhanced expression of
activation-induced cytidine deaminase (AID) and to induce
double-strand DNA breaks in the IgVH gene locus, thereby
contributing to a mutator phenotype that increases the risk
of B-cell malignant transformation [66].

Another oncogenetic mechanism that has been proposed
is the direct infection of B-cells by HCV (Figure 1(C))
[16, 29, 67]. In the early 1990s, the presence of HCV-
RNA was demonstrated by PCR not only in serum/plasma
and liver tissues but also in peripheral blood mononuclear
cells (PBMCs), especially in B-cells, of patients infected
with HCV [68–71]. Nevertheless, although HCV has been
detected in lymphocytes from HCV infected patients and
patients with MC, only in a minority of cases RNA-negative
strands, the HCV replicative intermediates suggestive of
viral replication, were also detected in the cells [72–74].
Detection of negative-strands HCV-RNA in PBMCs by
polymerase chain reaction, may also be due to either
contamination or passive absorption of circulating HCV,
thus potentially leading to false positive results [75, 76].
Marukian et al. showed that culture-grown HCV replicated
in hepatoma cells, but no HCV replication was detected
in B- or T-cells, monocytes, macrophages, or dendritic
cells from healthy donors [77]. Furthermore, Stamataki et
al. have provided experimental evidence that HCV might
infect B-cells, but B-cells were not able to support active
viral replication [78]. Overall, these results should indicate
that PBMC may not be permissive to HCV replication
[16].

However, it has been reported that HCV may infect
and replicate only in a relatively rare subset of B-cells, such
as CD5+ B-cells. These cells have been shown to express
high levels of CD81 and to expand in HCV-infected liver
[79]. Alternatively, B-cells may need another event, such
as coinfection with another virus, namely, Epstein-Barr
virus (EBV), to become permissive for HCV infection and
replication [16, 80]. Neither HCV-RNA nor viral proteins
have generally been detected in lymphomatous cells in vivo,
with a few exceptions, for example a primary DLBCL of
the liver, found to harbor viral nucleic acids by in situ
hybridization and a mantle cell lymphoma case, from which
a lymphoma cell line could be established in vitro [26, 81,
82]. Moreover, Sung et al. established a B-cell line (SB)
from an HCV-infected B-NHL, whose virions could infect
primary human hepatocytes, PBMCs, and an established B-
cell line (Raji cells) in vitro [83]. Further studies provided
evidence that HCV replicates in various hematopoietic cell
types, including peripheral dendritic cells, monocytes, and
macrophages [84–86]. Overall, despite the evidence that
HCV can infect B-cells, the results about its capacity to
replicate in B-cells and other blood mononuclear cells and
to induce direct malignant lymphoproliferation still appear
highly conflicting [16, 29].

A Japanese group recently established HCV trans-
genic mice that expressed the full HCV genome in B-
cells (RzCD19Cre mice) [87]. Interestingly, RzCD19Cre
mice with substantially elevated serum-soluble interleukin-
2 receptor α-subunit (sIL-2Rα) levels developed B-NHL.
Another mouse model of lymphoproliferative disorder was
established by persistent expression of HCV structural
proteins through disruption of interferon regulatory factor-1
(irf-1 −/−/CN2 mice). Irf-1 −/−/CN2 mice showed extremely
high incidences of lymphomas and lymphoproliferative
disorders. Moreover, these mice showed increased levels
of interleukin (IL)-2 and IL-10, as well as increased Bcl-
2 expression, which promoted oncogenic transformation
of lymphocytes. In this mouse model, the overexpres-
sion of apoptosis-related proteins and/or aberrant cytokine
production were the primary events involved in inducing
lymphoproliferation [87].

A recent study found that peripheral blood B-cells
from patients with chronic HCV infection were infected
and also had enhanced gene expression associated with B-
NHL development when compared to healthy controls [88].
Furthermore, HCV has been found to induce high mutation
frequency of cellular genes (immunoglobulin heavy chain,
Bcl-6, p53 and beta-catenin genes), in B-cell lines and
PBMCs in vitro, by inducing double strand breaks and
by activating error-prone-polymerases and AID [89]. These
mutations of cellular genes are amplified in HCV-associated
B-NHL in vivo, suggesting that HCV-induced mutations
in proto-oncogenes and tumor suppressor genes may lead
to oncogenetic transformation of the infected B-cells. The
so-called mutator phenotype induced by HCV acute and
chronic infection in B-cells may be considered a “hit and
run” mechanism of cell transformation (Figure 1(D)) [89].

It has been proposed that HCV uses B-cells as reservoirs
for persistent infection, which could result in the enhanced
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expression of lymphomagenesis-related genes, particularly
AID, which is thought to be crucial for the initiation and
progression of B-NHL [67]. Other studies suggested that
the evolution from lymphoproliferation to malignancy may
require a second transforming event such as the antiapop-
totic Bcl-2 rearrangement. The t(14;18) translocation is
indeed significantly associated with chronic HCV infection
and particularly with MC [90, 91]. Although the role of virus
penetration and replication in B-cells has still to be fully
clarified, several evidences suggest that the presence of HCV
virus or HCV proteins in these cells represents an oncogenic
stimulus [16, 29].

4. Conclusion

Epidemiological studies have clearly demonstrated a cor-
relation between chronic HCV infection and occurrence
of B-NHL. The clinical evidence that antiviral therapy
has a significant role in the treatment and prevention of
some HCV-associated lymphoproliferative disorders, espe-
cially indolent B-NHL, further supports the existence of an
etiopathogenetic link. The mechanisms exploited by HCV
to induce B-cell lymphoproliferation differ from the clas-
sical mechanisms of herpesviral-induced lymphomagenesis,
which require the maintenance of either EBV or human
herpesvirus-8 genomes in the transformed B-cells as clonal
episomes, together with the expression of an array of latent
and, to a lesser extent, of lytic proteins [92]. It is conceivable
that the different mechanisms proposed, namely, chronic
antigen stimulation, high-affinity interaction between HCV-
E2 protein, and its cellular receptors, direct HCV infection
of B-cells and “hit and run” transforming events, are not
mutually exclusive, but they may be combined themselves in
a multifactorial model of HCV-associated lymphomagenesis
(Figure 1(A–D)) [16, 26, 29, 67].
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Infection with Hepatitis C virus (HCV) is affecting about 3% of the world’s population, leading to liver damage, end-stage liver
disease, and development of hepatocellular carcinoma, being thus the first indication for liver transplantation in the USA. Apart
from the cirrhotic-liver-derived clinical signs and symptoms several conditions with immunological origin can also arise, such
as, glomerulonephritis, pulmonary fibrosis, and thrombocytopenia. HCV-related autoimmune thrombocytopenia shows specific
pathogenetic characteristics as well as symptoms and signs that differ in severity and frequency from symptoms in patients that
are not HCV infected. Aim of this short paper is to estimate the epidemiological characteristics of the disease, to investigate the
pathogenesis and clinical manifestation, and to propose treatment strategies according to the pertinent literature.

1. Introduction

Hepatitis C virus (HCV) infection is an infectious disease
affecting more than 170 million individuals worldwide, rep-
resenting approximately 3% of the world’s population. In
the United States HCV is the most common chronic blood-
transmitted infection with about 1.6% of the American pop-
ulation being infected [1, 2]. After acute infection about 80%
of these individuals develop chronic hepatitis, with many
and life-threatening both hepatic and extrahepatic compli-
cations. From the hepatic complication development of liver
cirrhosis, portal hypertension, end stage liver disease, and
hepatocellular carcinoma are combined with high mortality
and morbidity and are definitely treated with liver trans-
plantation. The incidence of HCV-related liver dysfunction
is increasing with time and HCV infection is now the leading
cause of liver transplantation in the United States [3–5].

Apart from these very serious complications HCV
infection is also associated with extrahepatic disorders as
well as with several immune-related conditions, such as,
glomerulonephritis, Sjogren syndrome, vitiligo, pulmonary
fibrosis, thyroid disease, and cutaneous vasculitis [6–9].
Hematological disorders are also common in HCV-infected

individuals ranging from lymphoproliferative diseases to
autoimmune thrombocytopenic purpura (AITP) and auto-
immune hemolytic anemia (AIHA), with the last two having
probably an autoimmune underlying mechanism [6, 9, 10].
AITP is characterized by accelerated platelet destruction and
variably impaired platelet production resulting in thrombo-
cytopenia while in AIHA the red blood cells are affected.
AITP is a classical paradigm of immune thrombocytopenia
in infected individuals as it is associated also with HIV or
Helicobacter pylori infections [11–15].

Aim of this paper is to evaluate the actual prevalence
of AITP in the HCV-infected population and to distinguish
probable subpopulations with different characteristics (e.g.,
differences between treated and untreated HCV carriers).
Beside that we tried to evaluate proposed underlying mech-
anisms and treatment strategies as these parameters are
described in the pertinent literature.

2. Epidemiology

The attempt to identify the exact prevalence and other epi-
demiological characteristics of AITP among HCV-infected
individuals and especially to distinguish these characteristics
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between subgroups has objective difficulties, as the published
studies in the pertinent literature are mainly retrospective
and have several limitations. This question is also approached
from two different directions. Six cross-sectional studies
approached the problem by identifying serological evidence
of HCV infection in patients with clinical diagnosis of AITP
[16–21]. In a total of 799 patients with AITP 159 were HCV-
infected (20%) with ranges from 10 to 36%. AITP patients
with concomitant HCV infection were significantly older in
comparison with not infected (54.9± 8 years versus 40.3± 8
years, P < 0.001), while there was not any distribution
between sexes.

On the other hand some investigators approached the
problem trying to identify AITP cases among HCV-infected
individuals. Pockros et al. identified 7 AITP cases among
3440 new HCV patients over a 56-month period. The esti-
mated prevalence of this hematologic disorder among these
patients was much greater than would be expected by chance
(P < 0.00001) [22]. Similar results provided also the study
by Dufour et al., where 7 out of 4345 HCV patients fulfilled
the criteria for AITP diagnosis, thus calculating the annual
incidence of HCV-infection-associated AITP as being 53
cases/100000/year [23]. Nagamine et al. showed also a higher
incidence of low platelet count among HCV-infected patients
compared to patients infected with hepatitis B virus [10].

A very interesting and large study is that by Chiao et al.,
who determined the incidence of AITP and AIHA among
120691 HCV-infected and 454905 matched HCV-uninfected
USA veterans who received diagnosis during the period 1997
to 2004 [24]. The results of the study showed that the
overall incidence rate of AITP was higher among the HCV-
infected compared with the HCV-uninfected individuals
(30.2 per 100000 person years versus 18.5 per 100000 person
years resp.). The one year cumulative incidence for AITP as
calculated in the study among the HCV-infected population
and HCV-uninfected population was 27.4 and 12.5 per
100000, respectively. In the above mentioned study there was
also an attempt of differentiation in subgroups, showing that
the incidence rate of AITP was slightly higher among HCV-
infected individuals who received treatment in contrast to
HCV-infected and untreated but not in a statistically sig-
nificant manner. Interferon-α, a treatment regimen against
HCV infection, has several serious side effects, such as,
thrombocytopenia that can even lead to quit from treatment
[25]. These treatment adverse effects could explain these
results.

3. Pathogenesis Symptomatology

Several pathogenic mechanisms have been proposed for
AITP related to chronic HCV infection. One potent mech-
anism is the specific bind between HCV and human CD81
receptor on the platelet membrane, thus causing auto-
antibody production against this complex leading to phago-
cytosis of platelets [26]. Beside that HCV infection causes
a dysregulation of the host immune system stimulating
nonspecific autoimmunity or triggering the production of
specific autoantibodies against platelet membrane glycopro-
teins, there has been a controversy in the pertinent literature

regarding the published data with respect to the presence
of these specific antibodies in patients with HCV-related
AITP [10, 22, 27]. Though, in one report 66% of patients
infected with HCV had detectable antiplatelet glycoprotein
antibodies. However, the presence of these antibodies did not
have any clinical significance and did not affect the platelet
count [28].

There a further mechanism has also been proposed by
which HCV can directly affect megacaryocytes and therefore
causes their depletion. The fact that both AIHA and AITP
are autoimmune hematological disorders but HCV infection
mainly causes AITP to support the hypothesis that beside a
generalized autoimmune reaction there must be a specific
antiplatelet autoimmune reaction. This hypothesis has led
Chiao et al. to the proposal that AITP in the setting of HCV
infection should be renamed as “HCV-related thrombocy-
topenia” in accordance to “HIV-related thrombocytopenia”
[24]. At this point it should be mentioned that HCV-infected
patients have further reasons to develop thrombocytopenia,
such as, liver damage, impaired thrombopoietin production,
portal hypertension, splenomegaly, or treatment adverse
effects.

Signs and symptoms of AITP in the setting of HCV infec-
tion are more or less similar in comparison with noninfected
individuals, but they are presented with differentiations in
severity and frequency. So Rajan et al. published a study
where symptoms and signs of thrombocytopenia were less
frequent in HCV-positive patients with AITP than in HCV
not infected but major bleeding was more frequent in
infected individuals (25 versus 10%, P = 0.0059) [29]. This
finding was also verified in the study of Chiao et al.,
where 60% of the HCV-infected patients had at least one
episode of bleeding, epistaxis, or purpura [24]. On the
other hand Pawlotsky et al. could not demonstrate any
differences between these two groups. This study, however,
had limitations, such as, evaluating patients with very low
platelets count [20].

4. Treatment

Before choosing the optimal treatment modality for HCV-
related AITP one should take into consideration two major
parameters, raising thus a difficult therapeutic challenge.
First these patients have a double disorder, and the attempt
to cure one of them could enhance progress of the other.
In addition timing to start treatment should include the
fact that these patients have less frequent symptoms, but
they bleed more severe. Beside these two parameters HCV-
associated thrombocytopenia might be related to immune
and/or toxic mechanisms as well as impaired platelet pro-
duction as described in the section of pathogenesis. So it
is often difficult to estimate the correct diagnosis for the
low platelet count in order to provide optimal treatment
strategies. Although there are no specific guidelines regard-
ing treatment of AITP in HCV-infected patients intravenous
immunoglobulin (IVIg) is first-line treatment regimen,
similar to noninfected patients [30]. Here we should point
out that unlike in primary ITP the use of steroid therapy
in HCV-related thrombocytopenia was never popular due
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to worsening of liver function tests, rising viral load, and
in some cases even causing an elevation in serum bilirubin
[31]. Dufour et al. demonstrated in their study that response
rate to steroids was significantly lower in HCV-positive
than HCV-negative patients (P = 0.02). Moreover, it is
recommended in the same study that steroid treatment
should be avoided as much as possible as this can increase
viral load and develop liver damage [23]. This later study
shows similar results with previous analyses. Furthermore,
in one Japanese study none of the 10 HCV-positive patients
treated with prednisone achieved any response [32]. Rajan
et al. found that treatment with IVIg was proven effective in
increasing platelet counts in 90% of cases of HCV-infected
patients but could not achieve long-term response for these
patients [29]. Furthermore, patients who are Rh positive,
who do not present with severe anemia and still preserve
their spleens are also candidates for anti-RhD treatment. The
duration of response to anti-RhD therapy is usually longer in
comparison to IVIg treatment but can occasionally result in
mild hemolytic anemia [33, 34].

After failure or long-time dependence to steroids or the
above-mentioned classical forms of conservative treatment
splenectomy is proposed as second-line therapy in several
studies. Response to splenectomy is similar for both the
HCV-infected and for the HCV seronegative patients [16,
32]. At this point it should be mentioned that, before propos-
ing splenectomy as second-line therapy, we should very
carefully examine the status of the patient’s liver function,
the stage of probable liver cirrhosis and the presence of portal
hypertension or portal vein thrombosis.

Apart from classical forms of first- and second-line ther-
apeutic proposals for HCV-related AITP further regimens
have been used for selected cases. Pockros et al. reported
remarkable responses under cyclophosphamide in two severe
AITP cases. Due to its toxicities, though, cyclophosphamide
should be limited to severe and refractory cases [22]. Dufour
et al reported in their study that two out of four patients
with relapsing AITP despite steroids and IVIg experienced
a sustained response after rituximab treatment [23]. Rit-
uximab is a monoclonal antibody reacting with the CD20
antigen which is present on B cells. Efficacy of this antibody
has been reported in several autoimmune conditions, such
as refractory severe AITP associated with HCV infection
or HCV-related-mixed cryoglobulinemia [35–37]. However,
due to its immunosuppressive properties rituximab should
be proposed only for refractory or associated with severe
bleeding cases. Further immunosuppressive agents that
have also been used are azathioprine, cyclosporine A, and
mycophenolate mofetil [38].

Antiviral therapy was also proposed in several studies
for nonresponders to classical regimens. Approximately
half of adult patients with HCV-related AITP treated
with interferon-α responded with a rise in platelet count.
Furthermore, responders to IFN-α could be distinguished
from nonresponders by a decrease of the HCV RNA
load and hepatic enzymes. Iga et al. reported significant
improvement of platelets counts in twelve HCV-infected
patients who were complete responders to IFN-α treatment,
but no raise in the platelet count was seen in patients

where IFN-α therapy failed as estimated by the viral load
[27, 39].

New prospective in the treatment of HCV-related AITP
is given with the use of thrombopoiesis-stimulating agents.
Eltrombopag and romiplostim are small molecule throm-
bopoietin (TPO) receptor agonists proven to be effective in
raising platelet count in patients with relapsing or refractory
ITP [40, 41]. The response rate of the patients treated with
high dose of eltrombopag was 70–80% compared with 11%
response rate that was seen in patients who received placebo.
Furthermore, McHutchison et al. described a rise in the
number of platelets in HCV-infected patients with AITP
to that point that these patients were eligible to continue
antiviral chemotherapy without any dose reduction or
interruption [42]. A third confirmatory study was performed
by Bussel et al. comparing for a period of six weeks 50 mg
of eltrombopag against placebo. Beside the encouraging
response rates of this study some patients developed signif-
icant liver enzyme elevations requiring cessation of medica-
tion. Hepatotoxicity has been reported in patients receiving
eltrombopag. In these cases discontinuation of the drug is
advised. It is worth mentioning that to date hepatotoxicity
has not been observed in patients treated with romiplostim
[34]. A further concern regarding adverse effects of these
new agents is the development of venous thromboembolic
events (VTEs). Nevertheless no significant increase in inci-
dence of VTEs has been reported in patients who received
eltrombopag or romiplostim compared with the incidence
of this phenomenon in ITP patients. These events also
were not related to the number of platelets. However, these
agents should be used with caution in patients with pre-
disposing factors for arterial or venous thromboembolism
[43]. Another worrisome safety issue of TPO mimetics is
the development of bone marrow fibrosis with increased
reticulin deposition. Reticulin fibrosis appears to be a rare,
dose depended, and reversible side effect of TPO mimetics
that resolves after discontinuation [34].

As a conclusion one could say that the multifactorial
pathogenesis of HCV-related autoimmune thrombocytope-
nia is much more reflected on the option for the best treat-
ment modality. A clear diagnosis is sometimes difficult to
be made and in these cases the treatment regimens are
controversial. Further studies are needed as new pharmaco-
logical agents in combination with former conservative and
interventional therapeutic strategies should fulfill a double
purpose: raise platelet count and allow continuation of
antiviral treatment.
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Hepatitis C virus (HCV) chronic infection is recognized as the major cause of mixed cryoglobulinemia (MC). Its persistence
represents a continuous stimulus for host immune system with production of circulating immune complexes (ICs), one-third of
them with cryoprecipitate property. Several factors contribute to the biological activities of ICs, many of which are not completely
known. Among them, complement factors play a crucial role in the cold-insoluble ICs-mediated vasculitis, involving primarily
small blood vessels in different tissues including skin, kidney, peripheral, and central nervous system. Liver represents the major
target of HCV infection with inflammatory infiltrates, resembling secondary lymphoid follicles. Cytokine like CXCL13 contribute
to B-cell homing in intraportal lymphoid aggregates, in which B-cell clonal selection may arise. B-cell clonal expansion starts
as an antigen-driven event and expands towards indolent and malignant B-cell proliferation. Occurrence of intrahepatic B-
cell clonalities correlates with extrahepatic clinical manifestations of HCV infection. In this context, cryoglobulinemic patients
should be considered a peculiar HCV-infected population that needs a clinical multidisciplinary approach and more articulated
therapeutic measures.

1. Introduction

Hepatitis C virus (HCV) is a Flaviviridae family mem-
ber, genus Hepacivirus, infecting about 200 million people
worldwide [1]. About 80% of HCV-infected patients develop
chronic hepatitis. Among them, 10–20% evolve into cir-
rhosis, while 1–5% of cirrhotic patients display an hepa-
tocarcinoma [2]. Although HCV is primarily hepatopathic,
its clinical feature is characterized by the emergence of
several extrahepatic manifestations. Mixed cryoglobulinemia
(MC), recognized as the most common HCV-induced extra-
hepatic disease, is an immune-complex-mediated vasculitis
involving small vessels characterized by an underlying B cell
proliferation [3]. Since B-cell clonal expansion is hallmark of
MC, B-cell malignant evolution may reflect the occurrence
of additional genetic accidents [4].

Here, we will discuss the currently accepted pathogenetic
mechanisms that characterize cryoglobulinemic vasculitis
with its peculiar clinical manifestations, the molecular events

proposed to explain the potentially malignant evolution, and
the current therapeutic approaches.

2. The Virus

HCV genome is about 9,600 kb length and encodes for a
single protein from an open reading frame of over 9024
nucleotides. This single polyprotein is subsequently cleaved
into several structural and nonstructural proteins. The
structural proteins are represented by core and two envelope
proteins (E1 and E2), starting from the 5′ end [1]. The
ion channel protein p7 derives from E2 cleavage [5] and
is followed by the six nonstructural proteins, namely, NS2,
NS3, NS4A, NS4B, NS5A, and NS5B. In addition, another
protein called F or ARFP can be produced from a frame-
shift of the core protein [6]. At the 5′ and 3′ ends of
HCV genome there are two untranslated regions (UTR);
the 5′UTR is a highly conserved region constituted by 341
nucleotides that contains an internal ribosome entry site
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(IRES) for translation. The 3′UTR is constituted by 200 to
235 nucleotides and contains a variable region, a poly U/UC
stretch and a highly conserved 98 nucleotide sequence [7].

During the replicative stage, HCV genomic RNA is tran-
scribed into a complementary RNA strand. This “negative”
strand constitutes a template for a new genomic synthesis
and its identification represents a convincing evidence of
active replication [8]. Viral proteins are the result of a co- and
post-translational cleavage of a single polyprotein, while host
peptidases catalyze the cleavage of structural proteins. HCV
particles form a membrane-associated replication complex;
after genome amplification and protein expression, progeny
virions are assembled and released [9, 10] (Figure 1).

3. The Cryoglobulins

Cryoglobulins are immunoglobulins (Igs) characterized by
insolubility at low temperature (below 37◦C) and redissolv-
ing after warming. The first observation of a cryoprecipi-
tation was registered in the serum of a patient affected by
multiple myeloma in 1933 [11], even if the term “cryoglob-
ulin” was introduced by Lerner and Watson in 1947 [12].
Meltzer and Franklin first described the cryoglobulinemic
syndrome in 29 patients associating cryoglobulin production
to a symptomatologic clinical triad characterized by purpura,
arthralgias, and weakness [13], with increased serum levels of
rheumatoid factor (RF) and/or organ dysfunction.

On the basis of their immunochemical composition,
cryoglobulins are classified as single (type I) or mixed (type
II and III) [14]. Type I cryoglobulinemia consists of a
monoclonal Ig, more frequently of IgM or IgG isotype.
IgM cryoglobulins occurs in almost 6% of malignant IgM
paraproteinemias, whereas IgG cryoglobulins characterize
almost 2% of all myelomas. Type I IgA cryoglobulins are rare
[15]. Type II MC accounts for 50–60% of all cryoglobulins.
It comprises an IgM monoclonal component, frequently
mounting light k chains, and polyclonal IgG. IgM molecules
display a rheumatoid factor activity capable of reacting with
intact IgG and/or its F(ab)2′ fragment [16]. No monoclonal
component is contained in type III MC that accounts for 30–
40% of cryoglobulins. Some authors have noted that type III
MC may represent a transition form evolving into type II MC
[17].

Mixed cryoglobulins are potentially present in the course
of connective tissue and autoimmune diseases, and chronic
infections [18, 19]. The term “essential” defines cryo-
globulinemic syndromes without an underlying identifiable
disease. It is now accepted that the majority of them occurs
in HCV chronically infected patients [20] as the result of
specific interactions between the virus and the host immune
system [21]. The clinical picture is characterized by the
cutaneous manifestations ranging from palpable purpura of
lower limbs to chronic torpid cutaneous ulcers more frequent
in the supramalleolar regions. Skin reactions include Ray-
naud’s phenomenon, livedo reticularis, urticarial, and edema
(Figure 2). Arthralgias more frequently involve the hands
and knees symmetrically. Weakness is nearly always present.
Kidney, liver, and nervous system are frequently involved.

Renal injury may complicate MC in almost 30% of cases
and in 20% of whom nephropathy is present at the diagnosis
[22–24]. Clinical features like hypertension, proteinuria,
microhematuria, red blood cell casts, and renal failure have
an indolent course in about 50% of cases. Less common
are nephritic (14%) or nephrotic (21%) syndromes [25].
A defined picture of cryoglobulinemic glomerulonephritis
evolve into chronic renal failure in 14% of cases after a mean
followup of 6 years [26].

Although kidney involvement is a common feature of
systemic vasculitis, cryoglobulinemic nephropathy is consid-
ered as a distinct clinical and pathological entity and the
etiological role of HCV has been extensively investigated
[27]. Type I membranoproliferative glomerulonephritis is
predominantly associated with HCV infection [28, 29]. The
mechanism of HCV-induced renal damage is unclear. HCV
core protein resulted homogeneously distributed along the
glomerular capillary wall and tubulo-interstitial blood ves-
sels [30] in association with an anticore activity, suggesting
a major role of these immune complexes in the pathogenesis
of renal damage [31].

The involvement of the nervous system in the course of
HCV-related MC ranges from 17% to 60% [32]. Sometimes,
peripheral neuropathy can represent the first clinical sign of
cryoglobulinemia [33]. Peripheral nervous system involve-
ment presenting with sensory-motor neuropathy especially
of the lower limbs, is often characterized by paresthesias with
loss of strength, pain, and burning sensations [34]. Less fre-
quent is central nervous system involvement, characterized
by transient dysarthria, hemiplegia, and confusional state
[35].

Liver is involved in almost 70% of cases, often with a
histopathologic picture of chronic active hepatitis with or
without cirrhosis [36, 37].

Less common clinical pictures of cryoglobulinemic
vasculitis are represented by gastrointestinal (2–6%) and
pulmonary (5%) involvement. Intestinal ischaemia may arise
with acute abdominal pain; intestinal perforation is also
described as well as symptoms that mimic cholecystitis
and/or pancreatitis [38]. Interstitial pneumopathy may char-
acterize patients displaying dyspnea and dry cough, whereas
an acute alveolar haemorrhage with haemoptysis, respiratory
failure, and a radiologic demonstration of multiple infiltrates
is rare [39, 40].

4. HCV Chronic Infection and MC

After the identification of HCV as the etiologic agent of non-
A, non-B chronic hepatitis and the availability of a serologic
test for the demonstration of IgG anti-HCV in the early
1990s, several authors described an intriguing association
between HCV infection and “essential” MC, apart from some
geographical differences [36, 41, 42]. These association was
subsequently confirmed by detection of viral genome in sera
of cryoglobulinemic patients with a selective concentration
in cryoprecipitates [21, 43]. Incidence of HCV infection in
MC ranges from 40 to 90% [22]. Otherwise, HCV-negative
MC accounts for about 5–10% [44].
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Figure 3: Pathogenetic model of cryoglobulinemic tissue damage.
HCV core protein, which has been detected in cryoprecipitate
immune complexes, interacts with C1q protein and the receptor
for the globular domain of C1q protein (gC1q-R) on the surface
of both circulating blood and endothelial cells. Cryoprecipitating
immune complexes, including gC1qR complexed to HCV core and
C1q proteins, bind in turn IgM molecules with rheumatoid factor
activity linked to anti-HCV IgG.

The intrinsic mechanism by which HCV promotes cryo-
globulin production is unclear. Virus persistence, therefore,
may represent a continuous stimulus for host immune
system unable to produce neutralizing antibodies [45, 46].
In this context, cryoglobulins may represent the product of
virus-host interactions in HCV-infected patients, whereas
the production of IgM molecules with RF activity is a crucial
event in the cryoprecipitating process [22]. The majority of
these IgM molecules are almost always associated with light
chain cross-idiotype 17.109 and heavy chain cross idiotype
G6 [47]. These cross-idiotypes are considered as the product
of a restricted expression of germline genes [19].

It has been hypothesized that the composition of ICs
in the course of chronic HCV infection includes IgM-
17.109 RF molecules which bind anti-HCV IgG [48]. Among
viral antigens, the core protein plays a crucial role in
cryoglobulins constitution being the relevant ligand for
IgG [31]. Interaction between HCV and lymphocytes is
capable of modulating cell functions; in particular, an in
vivo activation and expansion of CD5-positive B cells has
been considered the major source of IgM RF molecules
in type III MC [49, 50]. Therefore, it has been postulated
that an initial activation of these cells may be followed
by the emergence of a dominant clone that synthesize a
monoclonal RF supporting the development of type II MC
after a transition phase in which an IgM clonal heterogeneity
may define a type II-type III variant [17]. In a subset
of HCV-positive patients with MC, a clonal expansion of
IgM+CD27+ B cells expressing hyper-mutated RF-like Ig
has been demonstrated in peripheral blood in association
to VH1–69/JH4 and VH3–20 gene segment restriction [51].
These findings have been interpreted as a B-cell proliferation
induced by specific antigen stimulation, thus sustaining the
notion that persistent B-cell stimulation may represent a first
step to malignant evolution.

A crucial role in the composition of cryoprecipitating
ICs is played by complement system. Generally, complement
binding to setting up ICs decreases the size maintaining
them in solution [52]. Mean levels of C3 and C4 fractions
in the soluble phase of MC patients’ sera correlate to very
low amounts in cryoprecipitates thus suggesting the existence
of two different compartments characterized by a distinct
complement activation [22]. On the contrary, C1q protein
and C1q binding activity result significantly enriched in the
cryoprecipitates [31]. These data support the hypothesis that
an efficient engagement of C1q protein by cryoglobulins may
represent a crucial factor in the pathogenetic pathway of MC.

HCV-encoded core protein interacts directly with the
receptor for the globular domain of C1q protein (gC1q-R)
representing an efficient way to affect the host T- and B-
cell immunity. This interaction has been considered capable
of modulate T-cell immune response and, on the other
hand, circulating HCV core protein engagement with gC1q-
R expressed on the surface of B-lymphocytes may represent a
direct way by which the virus can affect host immunity [53–
55]. The wide expression of gC1q-R on the surface of both
circulating blood immunocytes and endothelial cells may
determine a specific binding to HCV core protein-containing
ICs.

Recently, it has been demonstrated that MC patients
display higher levels of soluble gC1q-R that reflects a higher
specific mRNA expression in blood mononuclear cells [56].
It was also demonstrated that soluble gC1q-R circulates as a
complexed form containing both C1q and HCV core protein
in two different binding sites of the molecule (Figure 3).

C4d, a low-molecular-weight fragment derived from
the cleavage of C4 complement fraction following classic
complement pathway activation, results are lower in MC
patients’ sera than in chronic HCV carriers or in healthy
subjects [56]. Otherwise, C4d fragment deposits characterize
almost all skin biopsy samples of cryoglobulinemic vasculitis.
These data lead to hypothesize that low circulating C4d levels
are the result of sequestered fragments in the vascular bed.
In vitro experiments showed a peculiar property of MC
patients in that, in step with HCV core inhibition of the
peripheral blood lymphocytes (PBL) proliferative response,
large amounts of soluble gC1q-R were found in culture
supernatants. It can be inferred that gC1q-R synthesis and
its release from PBL are HCV core mediated and negatively
regulated by cell proliferation [56].

In conclusion, in the presence of high levels of circulating
gC1q-R, HCV core protein can exacerbate the inflamma-
tory condition by activation of complement cascade thus
determining endothelial cell activation starting an in situ
inflammatory response. From a biological point of view,
clinical response to antiviral therapy is characterized by
a significant reduction of soluble gC1q-R associated to
increased levels of C4d and lower viral load [56].

5. HCV Infection and Lymphoid Cells

HCV is capable of directly modulate B- and T-cells functions
[57]. The monoclonal IgM RF production can be considered
as the expression of a single dominant clone following the
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Figure 4: Schematic representation of chronic inflammation and organization of secondary lymphoid follicles in HCV chronic infection.
The ability of HCV to chronically persist in the host may represent a continuous stimulus for the immune system resulting in B-cell
oligo/monoclonal expansions with selective advantage to clones depending on antigen stimulation. Some chemokines may play a crucial
role in the establishment of an adequate microenvironment for activation and expansion of B-lymphocytes in response to signals provided
by antigen-presenting cells. Among them, CXC motif chemokine ligand 13 (CXCL13) and its chemokine receptor 5 (CXCR5) are important
for secondary lymphoid tissue development and distribution of lymphocytes within microenvironments. CXCL13 is released by endothelial
and stromal cells mediated by lymphotoxin-β receptor (LTβR) signaling and contributes to lymphoid homing in the liver by the creation of
a favourable microenvironment sustaining focal B-cell aggregation similar to lymphoid follicles.

initial stimulation, thus supporting type II MC development
[17, 50]. The ability of HCV to chronically persist in the host
may represent a continuous stimulus for the immune system
resulting in B-cell oligo/monoclonal expansions (Figure 4)
[4].

HCV recognizes different binding molecules on cells
surface that are not completely identified. Among them, the
most known are CD81 [58], scavenger receptor class B type I
[59], and low-density lipoprotein receptor [60]. MC patients
are distinctly characterized by higher levels of cell-associated
viral load, because a significant enrichment of HCV RNA in
PBL has been demonstrated [61]. This peculiar feature may
be considered as the result of a higher density [62] and/or
polymorphism of receptor genes [63, 64], whereas direct
infection and replication of HCV in B cells may promote
lymphocyte proliferation [65].

The presence of HCV minus-strand RNA is the key factor
to demonstrate an active viral replication in cells, whereas
the presence of plus-strand RNA may indicate a possible
contamination by circulating virions. By means of a highly
specific and sensitive method for the detection of HCV RNA
minus strand an active viral replication in lymphoid cells
from MC patients has been demonstrated [66]. These results
suggest that there is a direct correlation between HCV active
infection of lymphoid cells and MC. In a cohort of MC
patients, PBL may be considered another HCV productive

infection compartment, in addition to the liver, representing
a circulating reservoir of HCV infection [67].

Although no specific viral protein has been indicated as
BCR ligand [68], analysis of Ig variable gene (IgV) sustain
an antigen-driven B-cells expansion. IgV heavy and light
chain genes are always mutated as occurs in germinal or
post-germinal center origin of B cells [69, 70]. The presence
of hypermutated IgV genes capable of recognizing a single
epitope suggests that they arise randomly from the B cell
pool [70] selected for non-self-antigens. Otherwise, most B-
cell expansions show a CDR3 with significant homology to
RF-CDR3 [68, 70], suggesting a distinct pathogenesis since
these B-cell clonalities derive from precursors with auto-
IgG specificity [71]. It has been demonstrated that in some
HCV-positive MC patients, BCR recognize IgG-Fc and HCV-
NS3 domains, suggesting that its specificity derives from a
cross-reactivity between a virus-associated epitope and IgG
autoantigen [72]. This mechanism may also contribute to the
virus enrichment on the lymphoid cells in MC patients, thus
conditioning RF B cells to undergo cell cycle and secrete RF
molecules [73].

6. HCV and Lymphoproliferation

In the course of B-cell proliferation, several mutants may
derive from IgV genes somatic mutations. By means of
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polymerase chain reaction technique (PCR) directed against
the variable-determining-joining region (VDJ), it is possible
to identify the combination of N regions along with different
DH and JH regions. This unique combination represents a
clonal marker of cell progeny. The application of this method
leads to the demonstration that B-cell clonal expansions are
present in the liver tissue of almost 90% of HCV-positive
MC patients if compared with blood and bone-marrow
compartments [73].

HCV chronic infection is characterized by the devel-
opment of inflammatory infiltrates involving the portal
tracts. These infiltrates often appear as follicle-like structures
resembling a germinal center functionally active [74, 75].
VDJ pattern obtained from these patients resulted in oligo-
clonality to monoclonality, suggesting that intrahepatic B-
cell expansions raise from very few or single cells. In addition,
each focus may derive from different B cell of the polyclonal
repertoire, resulting in the development of unrelated clones.

The occurrence of intrahepatic B-cell clonal expansions
profoundly influenced the clinical spectrum of HCV infec-
tion, since it was associated invariably with extrahepatic
manifestations including cryoglobulinemia, high serum lev-
els of RF activity, monoclonal gammopathy of undetermined
significance, and also B-cell non Hodgkin lymphoma. Clonal
expansions display a restricted V gene usage, thus confirm-
ing a direct relation with clinical manifestations [76]. In
addition, sequence analyses of IgH CDR3 gene segments
of intraportal B-cell clonalities revealed a wide range of
variations, suggesting that they are the result of an antigen-
driven response [77]. These findings lead to hypothesize that
B-cell clones start expanding in the liver as a consequence
of an upregulated IgH-VDJ mutational activity and then
migrates in the circle and also bone marrow [76].

However, the relationship between emergence and per-
sistence of intrahepatic or circulating B-cell clones and
HCV infection remains unclear. Several pieces of evidence
indicate that some chemokines can play a crucial role in
the establishment of an adequate microenvironment for
activation and expansion of B-lymphocytes in response to
signals provided by antigen-presenting cells [78]. Among
them, CXC ligand 13 (CXCL13), also known as B-cell
attracting chemokine 1 or B-lymphocyte chemoattractant,
is important for secondary lymphoid tissue development
and distribution of lymphocytes within microenvironments
[79]. High serum levels of CXCL13 protein in MC patients
paralleled those of specific mRNA expression in liver and
skin tissues, suggesting that this chemokine may represent
a key factor in the pathogenesis of cryoglobulin-induced
damage [80]. CXCL13 contributes therefore to lymphoid
homing in the liver by creating a local microenvironment
sustaining focal B-cell aggregation similar to lymphoid
follicles (Figure 3).

In addition, B-cell enrichment may be the result of
the presence of some signals enhancing cell survival [81].
B-lymphocyte activating factor (BAFF), also known as B-
lymphocyte stimulator (BLyS), is expressed and secreted
by activated monocytes, macrophages, and dendritic cells.
Serum BAFF levels results increased in patients with chronic
HCV infection, as well as in other autoimmune diseases

like systemic lupus erythematosus and rheumatoid arthritis,
and this was correlated to autoimmune and vasculitic man-
ifestations. The increased levels of BAFF may modulate the
sensitivity of B cells to apoptosis prolonging their survival,
thus representing another possible factor in the clonal B-cell
expansion [82].

7. Management of MC

The main goals of the therapy of MC are represented by: (a)
eradication of HCV infection; (b) deletion of the underlying
B-cell clonal expansions; (c) depletion of cryoproteins.

Conventionally, in the pre-HCV era, management of
MC was based on the use of corticosteroids and immuno-
suppressive drugs. Following the empirical observation in
1987 of the effectiveness of recombinant IFN-α in 7 patients
with “essential” MC [83], and the subsequent demonstration
of the pathogenetic role of HCV [21], IFN-α became a
rational therapeutic strategy. The introduction of pegylated
IFN-α changed the therapeutic scenario of chronic hepatitis
C increasing virological responses [84, 85] as well as the
introduction of ribavirin (RBV), a nucleoside antimetabolite
agent [86]. This combination, now considered the standard
of care (SoC) for HCV management [87], has been shown to
be effective in a remarkable proportion of HCV-related MC
patients, resulting in a complete clinical response and sus-
tained virological response (SVR) in 78% of the patients [88].
In addition, serum levels of C3 and C4 complement fractions
normalized in 80% and cryoglobulins disappeared in 56%
of the patients. Even when the antiviral treatment results in
resolution of vasculitis, no or only partial improvement in
neuropathy and glomerulonephritis is observed, suggesting
that the clinical outcome may be conditioned by factors other
than the virus [22].

It should also be emphasized that the occurrence of
B-cell clonal expansions is able to influence the clinical
expression of HCV infection, in that it is consistently
associated with extrahepatic manifestations, like MC [76,
89, 90]. Enrichment of B-cell clones in at least three
different compartments, namely, liver, bone marrow, and the
circulation, and expansion of RF-synthesizing B cells are the
biological hallmark of MC [22]. Consequently, deletion of
B-cell clonalities may provide a rational way to treat MC. It
is well known that CD20 antigen, a transmembrane protein,
is selectively expressed on pre-B and mature lymphocytes,
and that CD20-positive cells are remarkably expanded and
activated in patients with MC [61, 91].

Since rituximab (RTX), a chimeric moAb specifically
directed to CD20 antigen, has been shown to be thera-
peutically effective in autoimmune and lymphoproliferative
disorders [92–94], it seemed logical to propose its use in
HCV-related MC patients refractory to, or relapsing after,
conventional antiviral therapy. The first papers about the use
of RTX in HCV-related MC [95, 96] showed that it is an
effective, safe, and well-tolerated treatment for type II MC
patients, including those resistant to, or frequently recurring
after, previous treatments. However, a not negligible draw-
back is the frequently increased viremia in the responders.
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On these bases, several subsequent papers have addressed the
issue of the use of RTX, alone or in combination with steroids
[97, 98]

In our own study [99], a triple therapeutic combination
(pIFN-α plus RBV plus RTX), designated with the acronym
PIRR, was administered to 22 HCV-positive MC patients,
whereas 15 additional patients with the same pathology
received, by comparison, pIFN-α plus RBV with the exclu-
sion of RTX. Followup was protracted for 36 months from
the end of treatment. Results showed a complete response
in 54.5% of patients treated with PIRR, and only in 33.3%
of those who were given pIFN-α plus RBV without RTX
(P < 0.05). Even more interesting were the observations
that: (a) in the large majority (83.3%) of the responders
belonging to the PIRR-treated group, a conversion of B-cell
populations from oligoclonal to polyclonal was recorded in
the liver, bone marrow, and peripheral blood compartments;
(b) compared with 40% of the control group, in all patients
of the PIRR group the CR was maintained throughout the
follow-up period. Whether RTX should be administered to
patients with cryoglobulinemic vasculitis as first- or second-
line therapy remains to be established [100].

Of particular interest is the question about MC patients
that do not obtain an SVR or those patients showing a con-
tinuous cryoglobulin production despite virus eradication.
In the first case the use of the new direct-acting antivirals
(DAAs) like Telaprevir or Boceprevir (recently approved by
the FDA for the treatment of HCV genotype 1 chronic
infection) may represent a further therapeutic option [101].
Persistence of MC vasculitis in patients achieving a SVR
represents an emerging picture following antiviral and B-cell
depletive combined therapies [102, 103]. In these patients a
different immunochemical structure of circulating immune-
complexes may be postulated; the use of corticosteroids,
cyclophosphamide, RTX, or ofatumumab (an IgG1k fully
humanized CD20 MoAb) may be considered [104].

Therapeutic apheresis is a palliative procedure that can be
extremely useful for the treatment of severe, life-threatening
vasculitis [100] as well as for the treatment of chronic leg
ulcers in patients resistant to other therapies [105].

Others additional therapeutic approaches for MC have
been proposed, like tyrosine kinase inhibitor imatinib,
antiangiogenic drugs like thalidomide, bortezomib (a protea-
some inhibitor), and IL-2, but future controlled studies are
required to establish if these agents will improve MC therapy
[106, 107].

8. Conclusions

Although the major role of HCV in the production of cryo-
globulins and systemic vasculitis has been clearly established,
there are several aspects in the pathogenesis of MC that still
require further investigations. Particularly interesting is the
B-cell expansion process that starts as a consequence of viral
persistence, with preferential involvement of RF-producing B
cells. This process seems to occur in a microenvironment like
intraportal lymphoid follicles as a result of a distinct selection
process probably supported by cytokine signaling sustaining
B-cell activation and proliferation.

In this context, some viral proteins like core protein, may
directly modulate the mechanism underlying ICs deposition
in the vascular bed leading to cryoglobulinemic vasculitis
and promote proliferation signals of B cells supporting an
active viral replication. In addition, host’s genetic factors
may represent a crucial factor for the clinical outcome of
HCV chronic infection. These complex relations represent
the biological basis for a more appropriate treatment of
the cryoglobulinemic vasculitis that include antiviral therapy
and B-cell depletion even if further studies are necessary
for the relapsed-refractory cases in which other pathogenetic
mechanisms, often antigen-independent, are involved.
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The association between hepatitis C virus (HCV) infection and type II mixed cryoglobulinemia (MCII) is well established, but
the role played by distinct HCV proteins and by specific components of the anti-HCV humoral immune response remains to be
clearly defined. It is widely accepted that HCV drives the expansion of few B-cell clones expressing a restricted pool of selected
immunoglobulin variable (IgV) gene subfamilies frequently endowed with rheumatoid factor (RF) activity. Moreover, the same
IgV subfamilies are frequently observed in HCV-transformed malignant B-cell clones occasionally complicating MCII. In this
paper, we analyze both the humoral and viral counterparts at the basis of cryoglobulins production in HCV-induced MCII, with
particular attention reserved to the single IgV subfamilies most frequently involved.

1. Introduction

Mixed cryoglobulinemia (MC), an immune complex (IC)-
mediated systemic vasculitis mainly involving the small
blood vessels, has been observed in a wide variety of
diseases, including malignancies, chronic infections, and
systemic autoimmune disorders [1, 2]. In symptomatic MC,
the presence of cold-precipitable immunoglobulins (cryo-
globulins) is frequently associated with the development
of vascular, renal, and neurological lesions [3–5]. The vast
majority (50–90%) of patients with symptomatic type II
mixed cryoglobulinemia (MCII), characterized by lympho-
proliferation and by the deposition of mono/oligoclonal
IgM antibodies (Abs) with rheumatoid factor (RF) activity
bound to oligo/polyclonal IgG, are infected with hepatitis C
virus (HCV) [6]. Consistently, more than 40% of chronically
HCV-infected patients present MCII, that in a relevant
number of patients (10–60%) will eventually develop in
symptomatic cryoglobulinemia [7, 8].

It has been demonstrated that antiviral treatment sig-
nificantly induces remission in HCV-associated MCII and

that this effect is highly correlated with effective suppression
of viral replication, supporting a direct role of HCV in
the pathogenesis of this lymphoproliferative disorder [9].
Furthermore, MC should not be considered an in situ or
occult B-cell lymphoma, as evidences indicate that its B-cell
clonal expansion does not still display the molecular features
of a true neoplastic process [10]. As a matter of fact, in
more than 50% of symptomatic patients the clinical course is
relatively benign, but 5–10% of patients with cryoglobuline-
mic vasculitis develop B-cell malignancies, in particular B-
cell non-Hodgkin lymphomas (B-NHL), as compared with
0.2–2.6% of the overall HCV-infected population [11–15].
A possible role of chronic immune stimulation associated
with persistent infection in the pathogenesis of these malig-
nancies has been hypothesized and further confirmed by
the sequence analysis of tumor-related immunoglobulin (Ig)
gene rearrangements, evidencing a preferential use of the
same Ig heavy and light chain variable regions (VH and VL)
genes associated with anti-HCV response and with MCII
[16–18].
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In this paper, after reviewing the main viral features
associated with MCII, we will overview the main IgV gene
subfamilies described in patients with HCV-related MCII
and will evidence their correlation with the anti-HCV
humoral response and with the MCII-related neoplastic
complications.

2. The Liver as a Lymphoid Organ

It is well known that the liver is the main target organ of
HCV infection. Within the inflamed liver, particularly in the
earliest stages of the disease, there is an accumulation of
myeloid and lymphoid cells, including follicular dendritic
cells, T and B lymphocytes [19]. Local activation of these
cells is thought to play an essential role in perpetuating the
chronic inflammatory process and enhancing liver damage
[20]. Moreover, intrahepatic B-cell proliferation is often
associated with extrahepatic manifestations of HCV infec-
tion, including high serum levels of RF activity, cryoglobu-
lins, monoclonal gammopathy of undetermined significance
(MGUS), and frank B-NHL, indicating that it has a direct
role in HCV-related systemic complications (Figure 1(a))
[21].

Immunohistochemical studies showed that T and B cells
frequently accumulate in the portal tracts and organize
follicle-like structures (foci), mainly consisting in B cells sur-
rounded by T-cell zones at the periphery. Within these foci
there are obvious germinal centres (GCs) where activation,
proliferation, differentiation, and maturation of B cells and
Ab production may occur similarly to lymphoid organs [22].
This process is rarely observed in patients with other types
of hepatitis and seems to contribute to the pathogenesis of
HCV immune-related disorders, as suggested by functional
and molecular analyses showing that these structures are
characterized by B-cell oligo/monoclonal expansion [23].
Indeed, these clonal expansions have been observed in
the liver of almost 50% of HCV-infected patients and,
less frequently, in their blood and bone marrow [21]. In
particular, Sansonno et al. observed a monoclonal pattern
only in HCV-infected patients with MC, while Magalini
et al. observed it both in MC and non-MC HCV-infected
patients, supporting the view that HCV per se is able to
derange the functions of the immune system [24, 25]. Fur-
thermore, isolated intrahepatic B lymphocytes were shown
to produce IgM molecules with RF activity, supporting the
intrahepatic origin of HCV-related autoimmune processes
[24, 26]. Interestingly, these intrahepatic focus-forming B
cells frequently express a restricted repertoire of VH and
VL subfamily genes, as discussed more in detail below.
Each single focus may derive from a single B cell, with the
result that distinct foci contain unrelated B-cell clones with
single-antigen (Ag) specificity (Figure 1(a)) [27]. Although
continuous viral antigenic stimulation is probably the main
factor determining the formation of intrahepatic GCs in
HCV-infected patients, the reason why, differently from
other hepatotropic viruses, HCV preferentially induces their
formation in the liver is currently uncertain. It might
be related to the unique virological properties of HCV,

including preferential induction of an autoreactive humoral
immune response.

Taken together, these observations suggest that, during
HCV infection, the liver acts as an important secondary
lymphoid organ where autoimmune processes may originate
(Table 1). The main viral factors and the specific components
of the anti-HCV humoral response involved in this process
will be reviewed in the following paragraphs.

3. HCV Proteins and B Cells

HCV is an enveloped, positive-stranded RNA virus, charac-
terized by an extreme variability, even within a single host.
On the basis of some conserved regions it can be divided
in seven genotypes and numerous subtypes [28, 29]. All
HCV genotypes have been associated to MCII, although
several reports describe its higher prevalence among patients
infected with genotypes 1 and 2a [19, 24, 30–34]. However,
the differences in the geographical distribution of HCV
genotypes may bias this apparent correlation.

HCV genome is approximately 9600 nucleotides long
and encodes a polyprotein precursor of about 3000
aminoacids. It is cleaved by viral and host proteases, resulting
in a series of structural (core, E1 and E2) and nonstructural
proteins (p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B)
[35]. Some HCV proteins have been demonstrated to directly
activate important proinflammatory cascades in monocyte
and T cells. This activation may serve to lower activation
threshold thus enhancing cellular response to Ags, including
auto-Ags [36]. This may provide B cells with a pro-
inflammatory environment and a myriad of costimulatory
signals promoting clonal expansion. Moreover, sequence
data on BCR, the presence of HCV Ags in the cryoprecipi-
tates, and a reported correlation between HCV viral load and
clinical manifestations of cryoglobulinemia in some patients
support the model of an Ag-driven origin for HCV-related
lymphoproliferative disorders [30]. In this paragraph we
investigate this last point with particular attention to the
different HCV proteins possibly involved.

3.1. Core Protein. Several reports describe the presence of
HCV RNA and HCV proteins in the cryoprecipitate of
patients with HCV-related MCII. In particular, the core
is supposed to be the most involved viral protein in
cryocrit formation, as demonstrated in the skin and renal
tissues of HCV-infected patients with MCII-associated active
vasculitis and nephropathy, respectively [37]. Nonenveloped
core protein is overproduced during virogenesis, and in
MCII patients its plasmatic levels have been correlated to
cryoglobulinemia-associated symptoms [37, 38]. Indeed, it
has been demonstrated that HCV core protein participates in
the formation of immune complexes (ICs) and suppresses T-
cell response by interacting with the globular domain of C1q
complement receptor (gC1qR) (Figure 1(b)) [39, 40]. This
interaction may play a key role in determining complement
activation, a crucial interdependent regulator of the size and
solubility of immune aggregates [41].

Sansonno et al. demonstrated the presence of high levels
of HCV core protein in the cryoprecipitates of patients with
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Figure 1: Proposed etiopathogenetic mechanisms involved in the origin of HCV-induced MCII. (a) Direct involvement of HCV infection
and of specific HCV Ags in the emergence and maintenance of B-cell expansions, more frequently occurring in the liver and mostly
involving RF-producing B cells. This B-cell repertoire is therefore limited and likely coded by few germline genes. These clonal expansions are
invariably associated with extrahepatic manifestations, including high serum levels of polyclonal rheumatoid factor activity, cryoglobulins,
monoclonal gammopathy of undetermined significance (MGUS), and eventually frank B-cell non-Hodgkin lymphoma (B-NHL). (b) The
wide expression of gC1qR on the surface of blood cells, like neutrophil granulocytes, as well as of endothelial cells favors their specific
binding to immune complexes containing HCV core protein and may determine their cold precipitation. Alternatively, IgM molecules
are good acceptors of C1q, whose binding site is on their Fc portion and, if endowed with RF activity, may precipitate in presence of
IgG molecules with specific anticore activity. (c) HCV/E2- and HCV/NS3-induced proliferation and expansion of B-cell clones producing
cross-reactive Ig recognizing structures shared between these Ags and discrete Ig regions (i.e., Fc or IgV domains). (d) HCV might initiate a
multistage process of lymphomagenesis by replicating in lymphoid cells and expressing proteins that associate with host cell-encoded tumor-
suppressing proteins, thereby abrogating their cell-cycle checkpoint functions and predisposing the cell to genetic instability. Alternatively,
HCV/E2 binding to CD81, as part of the CD19/CD21/CD81, might provide a strong proliferation signal. Moreover, HCV/E2 could behave
as a B-cell super-Ag and directly stimulate proliferation and oligo/monoclonal expansion through its direct binding to BCRs encoded by
specific IgV subfamilies.

MCII [42]. These cold-insoluble precipitates included poly-
clonal IgG and monoclonal IgM molecules with RF activity.
In particular, the polyclonal IgG component showed specific
reactivity against HCV core protein and, in turn, was linked
through its Fc portion to IgM with RF activity. Importantly,
cryoprecipitation was directly correlated with anticore IgG
concentration in the cryoprecipitate, thus inferring that its
production is dependent on their selective binding to the Ag
in the presence of IgM molecules with RF activity. Thus, IgM
RF acts as an incomplete cryoglobulin, precipitating at low
temperature, probably following a conformational change
induced by their binding to IgG with anti-core reactivity.

In the same report, the above-described HCV core
protein interaction with the gC1qR was proposed as another
pathogenetic mechanism, making T cells unable to suppress
RF producing B-cell clones generated by chronic antigenic
challenge. The presence of gC1qR on the surface of both
circulating blood cells and endothelial cells may favor their
specific binding to HCV core protein-containing ICs [5, 43].
Moreover, IgM molecules are good acceptors of C1q and
indeed can favour indirect binding of HCV core protein to
endothelial cell surface (Figure 1(b)) [44].

Finally, HCV core protein has also been shown to
promote immortalization in different cell lines, as well as
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Table 1: Schematic representation of viral and humoral factors implicated in the instauration of HCV-related MCII and B-NHL.

Implicated factors Associated mechanisms References

HCV proteins

Core
(i) Complement activation
(ii) Cryoprecipitation
(iii) ↓ T cell response

[37, 39, 41–43, 45]

E2

(i) Molecular mimicry of IgV domain
(ii) Induction of RF
(iii) Proliferation and transformation signals

following interaction with CD81/BCR
(iv) Super-Ag?

[46, 47, 52–59]

NS3
(i) Molecular mimicry of IgG-Fc domain
(ii) Oncogenesis

[69, 71]

IgV subfamilies

VH1-69

(i) Expansion of CD5+ B cells?
(ii) WA with RF activity
(iii) Expansion of natural IgM

expressing B cells

[52, 55, 76, 78, 79,
97–99]

Heavy chains VH4-34 Naturally autoreactive [79]

VH4-59, VH3-7,
VH3-21, VH3-23,

VH3-48 and VH3-30
Mono/oligoclonal expansion following HCV
infection

[75, 77, 100–102]

Light chains
Vκ3-15 [80]

Vκ3-20 WA with RF activity
[77, 80, 97, 103,
104]

being capable of blocking c-myc induced apoptosis and
indeed could have a direct role in the pathogenesis of HCV-
related lymphomas [45].

3.2. E2 Envelope Glycoprotein. HCV/E2 envelope glycopro-
tein is another viral protein possibly involved in the devel-
opment of HCV-related lymphoproliferative disorders [46].
A hint suggesting HCV/E2 role comes from the reported
molecular mimicry of its N-terminal hypervariable region
(HVR1) with some conserved motifs in selected human Ig
variable domains, as well as with the T-cell receptor (TCR)
alpha and beta chains (Figure 1(c)) [47]. This molecular
mimicry would make anti-HVR1 Abs potentially capable
of cross-reacting with other Abs or with TCR. Indeed, the
expression of proteins structurally similar to host defense
proteins and immunomodulators is an important immune-
evasion strategy leading to persistence, already described for
other viruses [48–51]. Confirming this, Ferri et al. demon-
strated a low pattern of HVR1 mutations in HCV-positive
patients with MCII and presenting a monoclonal IgM
expansion with RF activity [52]. This low variability in the
main target of anti-HCV humoral response was interpreted
as a clear sign of impaired response, as already observed
in agammaglobulinemia or in otherwise immunosuppressed
patients [53, 54]. Interestingly, a direct correlation has been
observed between the degree of similarity of HCV/E2 HVR1
to Ig and TCR molecules and the degree of immune escape
and persistence in humans and experimentally infected
chimpanzees [47]. This indicates that variation in HVR1
sequence is not only correlated with escape from neutralizing

Abs but also to an improvement in Ig similarity consistent
with a model of immune evasion through mimicry. Overall,
this mimicry could determine a chronic stimulation induced
also by self-Ags, thus leading to the HCV-related lymphopro-
liferative disorders.

As a matter of fact, in HCV-associated B-NHL, malignant
monoclonal B cells often secrete IgM endowed with RF
activity which feature high sequence homology with anti-
HCV/E2 Abs [55]. Thus, it has been suggested that these
forms of B-NHL may originate from monoclonal prolifer-
ation of RF-secreting B cells stimulated as reported above
(Figure 1(c)) [52]. Consistently with this observation, Igs
cloned from a patient with an HCV-associated B-NHL were
shown to bind to HCV/E2 [56].

Finally, it has been postulated that HCV may also exert a
direct stimulating activity on B cells following HCV/E2 inter-
action with the cellular receptor CD81 during the viral par-
ticle internalization [57, 58]. In fact, the CD81 tetraspanin
on B-cell surface may provide a strong stimulatory signal if
activated as part of a complex (CD19/CD21/CD81 complex),
together with the activation of BCRs belonging to restricted
VH subfamilies and recognizing HCV/E2. Indeed, the ability
of E2 to directly engage CD81 in addition to the binding
of specific anti-HCV/E2 BCRs may create a powerful stim-
ulatory signal, promoting proliferation (Figure 1(d)). As a
possible consequence of this mechanism, CD81 is upregu-
lated in HCV-infected patients, with a further upregulation
in patients with MCII. However, conflicting results have been
published showing CD81 downregulation, whereas CD19
receptor was upregulated on peripheral B lymphocytes in



Clinical and Developmental Immunology 5

HCV-infected patients with MCII or B-NHL. In addition,
HCV/E2 binding to CD81 induces double-strand DNA
breaks and hypermutation, specifically in the VH gene of
B cells. This process was demonstrated to be dependent
on activation-induced cytidine deaminase and related to an
increase in the production of TNF-alpha [59, 60].

3.3. NS3 Protein. It is known that NS3 can induce an
important humoral and cellular immune response [61–
68]. A possible role of NS3 in inducing autoreactive Abs
through molecular mimicry has been hypothesized [69]. In
particular, IgM reacting against the NS3 helicase domain is
present in the cryoprecipitate of all chronically HCV-infected
patients with a bone marrow monoclonal B-cell pattern
and of a consistent portion (36%) of HCV-related MCII
patients [69]. These IgM Abs recognize epitopes located
within a region (1238–1279), previously indicated as one of
the two immunodominant regions for B cells on NS3 (1250–
1334 and 1359–1449). Importantly, these IgM Abs show also
reactivity against human IgG and in particular against a
unique peptide (Fc345–355) corresponding to the IgG CH3
domain (Figure 1(c)).

On the other hand, the region of NS3 encompassing
residues 1406–1415 has been demonstrated to be also a
CD8+ T cell epitope [70].

The possible role of HCV/NS3 protein in the patho-
genesis of HCV-associated MC is also suggested by another
study evidencing NS3 deposits in the kidney of viremic HCV-
positive patients with membranoproliferative glomeru-
lonephritis associated with cryoglobulinemia and presenting
a mild polyclonal B lymphocytosis [71].

In addition, NS3 has been demonstrated to promote
oncogenic transformation and to interact with p53 and
interfere with apoptosis, thus contributing singularly or
synergistically with the HCV/E2 and core proteins to the
development of HCV-related lymphomas [11, 72–74].

4. Biased IgV Subfamily Use and
Lymphoproliferation

As evidenced above, understanding the nature of the B
cell-stimulating Ag resulted to be extremely difficult. One
reason relates to the difficulty in isolating expanded cells
that are mostly confined to restricted areas of the liver or of
the bone marrow. Another reason relates to the complexity
of analyzing the BCR specificity of oligoclonal expanded
cells, which are present at low concentrations among tissue
resident, nonspecific, B-cell populations. A further reason
is the difficulty in obtaining reliable information from
comparing the sequences of autoreactive BCRs or Abs with
those of BCRs or Abs of known specificity.

Some data could be obtained from the cloning of the VH
and VL genes into an expression vector and from the testing
of their biological activity. As an example, in several studies
the use of phage display technology allowed the selection of
distinct autoreactive Abs which were further characterized
in terms of Ag specificity and biological activity [75]. These
studies demonstrated that the VH and VL sequences of
the cryoprecipitable monoclonal IgM match those of the

IgV genes of monoclonal B cells isolated from patients
with MCII [55, 76]. This confirms that in patients with an
established monoclonal pattern, the IgM component of ICs
represents the circulating counterpart of the BCR expressed
on the surface of expanded B cells and, therefore, can be
exploited to identify the putative Ag involved in inducing and
maintaining B-cell activation.

Interestingly, several other studies demonstrated the
recruitment of selected IgV gene subfamilies, the presence
of IgV genes mutations compatible with a GC or post-GC
derivation, a replacement/silent mutation ratio consistent
with the maintenance of a functional structure of the BCR,
and the presence of intraclonal heterogeneity evidencing
an ongoing Ag-induced maturation [21, 24, 55, 76–80].
Conceivably, the similarity in the structure of the variable
BCR region and the restricted recruitment of certain IgV
subfamilies, both for heavy and light chains, may account
for selection of B cells expressing specific and common
reactivity.

In this paragraph we will review the V gene subfamilies
most frequently observed in HCV-related lymphoprolifera-
tive disorders.

4.1. VH1-69

4.1.1. Molecular Characteristics of VH1-69 Subfamily-Derived
Abs. Approximately 1.7% of peripheral blood B cells of
healthy individuals express the distal VH1-69 gene, as
expected for a random use of the total repertoire of
functional VH gene regions [81]. Furthermore, this gene
segment is expressed in the restricted repertoire of fetal
liver B lymphocytes and is thought to be involved in
natural immunity [82, 83]. Although minimally used in adult
life, this VH subfamily is highly represented in anti-HCV
humoral immune response, particularly that directed against
the HCV/E2 glycoprotein [84–88].

Interestingly, this subfamily is highly represented also
in broadly neutralizing humoral responses directed against
other enveloped viruses, such as influenza viruses and
HIV [89–92]. In particular, several groups have described
the heterosubtypic activity of VH1-69-derived monoclonal
antibodies (mAbs) directed against the hemagglutinin (HA)
stem region of influenza A viruses [89, 90, 93, 94]. This
suggests the presence of a conserved motif in this Ab sub-
family determining the observed peculiar features. Indeed,
crystallization studies demonstrated that these mAbs interact
with the Ag only through the VH1-69-derived heavy chain
CDR1 and CDR2 regions, but not with the CDR3 that
usually confers Ag specificity to an Ab [95]. In particular,
the distinct hydrophobic CDR2 loop encoded by VH1-69
may confer antiviral activity by binding to hydrophobic viral
targets [90]. Another peculiar feature of the anti-HA VH1-
69-derived mAbs was their extremely long CDR3 region
[90]. Interestingly, a very long CDR3 and high levels of
somatic mutations were also observed in VH1-69-derived
mAbs directed against other viruses, such as HIV [96].
Moreover, similar characteristics were observed also for anti-
protein Abs produced in the context of chronic systemic
autoimmune diseases [96]. Conversely, for HCV infection,
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a recent paper reported a shorter CDR3 length of the Ab
repertoire in people who spontaneously resolved an acute
HCV infection compared to healthy individuals and those
with chronically evolving HCV infection, and the authors
explain this difference suggesting a mobilization of the Ab
repertoire due to clonal selection [76].

4.1.2. VH1-69 and HCV-Related Cryoglobulinemia and Lym-
phomas. The VH1-69 germline gene is commonly reported
in monoclonal IgM observed in HCV-related lymphopro-
liferative disorders as well as in normal B cells responding
to the HCV/E2 viral antigen [52]. Furthermore, analysis of
this V region sequence in HCV-infected cryoglobulinemic
patients revealed that it undergoes somatic mutation, pre-
sumably during affinity maturation. This observation has
corroborated the hypothesis that HCV-associated MCII and
lymphomas may originate in B cells responding to HCV/E2
glycoprotein, the most involved in stimulation of VH1-
69 expressing B cells [79]. Studying patients with HCV-
associated type II MC, Carbonari et al. reported that up
to 98% of their circulating B cells expressed the VH1-69
gene and that it was frequently associated with the Vκ3-20
light chain gene [78]. This pairing was also frequently found
among B-cell chronic lymphocytic leukemia (B-CLL) clones
[105]. Indeed, it has been described that most commonly
the association of these two subfamilies forms the WA cross-
reactive idiotype (Id) endowed with RF activity [52, 97].
Moreover, it has been observed that the VH1-69 expression is
frequently associated with DH3-22 and JH4 rearrangements,
especially in patients with HCV-associated MCII [77, 98].

Preferential use of this gene has also been seen in 10–
20% of patients with CD5+ B-CLL, and polyclonal activation
and expansion of CD5+ B cells occur during interaction
between HCV and lymphocytes and are associated with HCV
infection and HCV-related MCII [19]. The circulating innate
CD5+ cells are in fact believed to be equivalent to murine
B-1 cells, which have restricted receptor gene segment usage
and are primary source of auto-Abs (IgM). But, in this
regard, there are conflicting data, as other groups reported
no correlation between the increase of CD5+ B cells and
the presence of cryoprecipitate or RF in patients with HCV-
related lymphoproliferative disease [77, 80, 99, 100].

Furthermore, it has been observed that the majority of
VH1-69-expressing B cells in HCV positive patients had
a memory phenotype and express modestly somatically
mutated IgM, indicating that a clonal population of memory
VH1-69 expressing B cells progressively invades the circu-
lating B-cell compartment of patients with HCV-associated
MCII [99]. It has also been reported that the peripheral B-
cell repertoire of HCV patients may be represented almost
completely by VH1-69 monoclonal B cells [78, 106]. More-
over, some of these clones have CDR3 sequences identical to
RF IgMs isolated from patients with MALT neoplasms, with
MCII-associated splenic lymphoma, and with leukaemia-
like B-cell monoclonal expansion [78, 106]. Thus, originally
nonneoplastic VH1-69 B cells responding to Ag stimulation
could evade the homeostatic mechanisms that regulate the
Ag-driven clonal expansion, and subsequent genetic events

may cause further escape from control and lead to absolute
lymphocytosis.

Finally, recent evidences suggest that somatic hypermu-
tation, as well as class switching, may significantly alter
the germline-determined original BCR reactivity [107, 108].
This may explain why VH1-69-derived IgG Abs are often
endowed with a broadly neutralizing anti-HCV activity,
whilst their IgM counterpart may feature autoreactive activ-
ity. In this regard, Racanelli et al. identified the pauciclonality
of the peripheral memory B-cell population as a distin-
guishing feature of patients who spontaneously resolved an
acute HCV infection compared to those chronically evolving
HCV infection. This finding, also observed in patients
with preneoplastic HCV-associated lymphoproliferative dis-
orders, suggests that the B-cell clones potentially involved in
clearance of the virus may also be originally more prone to
feature autoimmune characteristics and more susceptible to
undergo abnormal expansion [76].

4.2. Other VH Subfamilies. B cell mono/oligoclonal expan-
sion of clones expressing VH subfamily gene segments other
than VH1-69, such as VH3-7, VH3-21, VH3-23, VH3-30,
VH4-34, VH3-48, and VH4-59, seems to be implicated in
HCV-related lymphoproliferative disorders [75, 77, 100].
Moreover, as in the case of VH1-69, monoclonal expansion
of B-cell clones expressing most of these VH subfamilies is a
common feature of a wide variety of autoimmune disorders
and lymphomas [75, 100, 101, 108].

4.2.1. VH3-21 and VH3-23. Our group previously reported
that the biased VH1-69 gene use in anti-HCV/E2 response
may selectively expand B-cell clones reacting against this
specific VH subfamily. In particular, it has been observed
that the immune repertoire of a patient with HCV-associated
MCII contains IgM clones able to react specifically against
anti-HCV/E2 Abs belonging to VH1-69 subfamily derived
from the same patient. Indeed, we found that 61% of IgMs
reactive to anti-HCV/E2 VH1-69-Fab fragments belonged
only to two VH subfamilies, VH3-23 (39%) and VH3-
21 (22%), that are frequently described in autoimmune
disorders [75, 101].

Furthermore, the mutational pattern of selected anti-
HCV/E2 IgMs showed that almost all clones featured a
high homology to the germline. More in details, differently
from VH3-21 subfamily, VH3-23 clones did not feature
polyreactivity but showed a binding bias toward the VH1-69-
derived IgG1 Fabs. These data suggest that VH3-23 IgM may
be naturally prone to recognize specific VH regions within
the VH1-69 subfamilies [75, 102].

Overall, the HCV/E2-driven stimulation of the immune
system may cause the expansion of specific B cells expressing
VH1-69-derived Abs recognized by some natural IgM Ab
subfamilies. This could lead to the formation of circulating
ICs, and the cross-linking of BCR by auto-Abs may allow a
chronic activation and a clonal expansion of anti-HCV/E2 B
cells.

4.2.2. VH4-34. The VH4-34 gene is used in about 5% of
healthy adult B lymphocytes and is frequently found in
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diffuse large-cell lymphoma, primary central nervous system
lymphoma, B-CLL, and several autoimmune disorders [79].

Furthermore, it is well known that, independently from
the associated DH and JH gene segments, as well as from the
subfamily and isotype of the paired light chain, the VH4-34 is
a naturally autoreactive subfamily. Interestingly, the VH4-34
gene is found in virtually all cases of cold agglutinin disease,
where the red blood cell I/I Ags bind to the FR1 domain
of selected Ig subfamilies, including VH4-34, with a minor
involvement of the CDR3 region [109]. Indeed, the restricted
usage of VH genes and the binding outside the CDRs
are characteristics of B-cell super-Ags that are supposed to
directly activate B cells [110]. As previously mentioned, this
could be the case of the HCV/E2 glycoprotein, due to its
ability to stimulate the expansion of a restricted set of VH
and VL subfamily expressing B cells. Moreover, as previously
described, it directly provides a strong proliferation signal
to B cells through its interaction with CD81 as part of the
BCR complex. A similar behavior has also been described
for staphylococcal enterotoxins A and D, that function as
human B super-Ags rescuing B cell-expressing VH3 and
VH4 (including VH4-34) genes inducing cell survival in in
vitro experiments, and has been suggested also for gp120 of
HIV [96, 111]. Moreover, certain portions of the FRs seem
to be important for super-Ag binding, and these would be
preserved in a super-Ag selective pressure [109].

Therefore, the high frequency of the VH4-34 gene usage
and the intrinsic molecular features of its FR and CDR
domains suggest a possible role of yet unknown B-cell super-
Ag in driving HCV-related lymphoproliferative disorders
[79].

4.3. VL Subfamilies. In the majority of clonal B-cell expan-
sions following HCV infection there is a major involvement
of Vκ-expressing B cells, as demonstrated by the highly
skewed κ/λ ratio and as corroborated by the usage of the
Vκ genes belonging to restricted subfamilies, as Vκ3-15
and Vκ3-20 [80]. As previously mentioned, the Vκ3-20
germline gene expression during HCV humoral immune
response is frequently associated with the VH1-69 expression
in the context of HCV-associated MCII and lymphomas
[77, 80, 103].

Giving this restricted Vκ usage in HCV-positive subjects
with a related MCII as well as in those evolving in a B-NHL,
some reports suggest an immune attack targeted on idiotypic
determinants, as a possible passive or active immunotherapy
for HCV-related autoimmune diseases and B-cell lym-
phomas [104]. In particular, De Re et al. after immunization
of an experimental model with a VH4-59/Vκ3-20 scFv mAb,
cloned from a patient with a HCV-related MCII and B-
NHL, demonstrated the possible induction of anti-Id Abs
directed against conserved Vκ epitopes. This finding opens
to possibilities of a potential therapeutic application of Abs
reactive with shared Id for patients with HCV-associated
B-cell lymphoproliferative diseases, obviating the need to
produce an anti-Id Ab or to use a different Id vaccine for each
patient [103]. Consistently, this approach has been applied in
some types of B-cell tumors and some autoimmune diseases
[112].

5. Conclusions

Several viruses are involved in the development of systemic
autoimmune-related damage. Over the last few years several
studies have firmly demonstrated the close interplay between
a primarily hepatotropic virus, such as HCV, and B cells and
the role of this interaction in the occurrence of HCV-related
autoimmune preneoplastic lymphoproliferative disorders, as
MCII. The HCV-induced stimulation of distinct specific B-
cell clones expressing specific BCRs, derived from a limited
numbers of V gene subfamilies, clearly underlines the role
of specific HCV Ags in the initiation of this pathogenetic
mechanism. However, there are still many dark areas left,
such as the molecular factors determining the breaking of
“self tolerance” and those leading from the clonal expansion
of a limited number of HCV-specific clones to the neoplastic
immortalization of some of them.

Overall, these mechanisms may be seen as escape strate-
gies put forth by HCV to evade the immune response in
the course of a persistent infection [47, 113]. This point of
view, as well as the approaches followed in the study of HCV-
related autoimmune disorders, may be important also in the
evaluation of other autoimmune diseases not yet related with
an infectious etiology or associated to a given pathogen. The
study of the systemic and local B-cell repertoire in the course
of diseases, as systemic sclerosis, multiple sclerosis, or specific
clinical forms of atherosclerosis, and its comparison with
the specific V gene repertoire induced by a given pathogen
may be a new way for investigating their real causes opening
new doors on the comprehension of their pathogenesis
[114–119].
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Hepatitis C virus (HCV) infection has been associated with autoimmunity and extrahepatic manifestations in adults. Few data
are available on these topics in children. Nonorgan specific auto-antibodies development is part of the natural course of chronic
hepatitis C in children. Smooth muscle autoantibody is the most common autoantibody found, while liver-kidney microsomal
type-1 antibody positivity is the most peculiar autoimmune feature of children with HCV infection. The clinical significance
of non-organ specific autoantibodies in the course of paediatric chronic hepatitis C is still debated. Autoantibody positivity
can be considered neutral for most patients, while it can be associated with negative connotations for others, especially those
positive for liver-kidney microsomal type-1 autoantibody. Subclinical hypothyroidism but not autoimmune thyroiditis has been
demonstrated in HCV infection in children, while only few cases of HCV-associated membranoproliferative glomerulonephritis
have been described. Single reports are available in the literature reporting the anecdotal association between chronic hepatitis
C and other extrahepatic manifestations such as myopathy and opsoclonus-myoclonus syndrome. Despite the low incidence of
extrahepatic manifestations of chronic hepatitis C in children, overall, available data suggest a careful monitoring.

1. Introduction

Since its discovery in 1989 [1], hepatitis C virus (HCV)
has been associated with autoimmunity and extrahepatic
manifestations [2]. Data on these topics in children are
scarce, but the incidence of extrahepatic manifestations is
overall lower in children with chronic hepatitis C when
compared to adults [2–6]. The purpose of the present article
is to summarize the current knowledge on autoimmunity
and extrahepatic manifestations in treatment-naı̈ve children
with chronic HCV infection.

2. Nonorgan Specific Autoantibodies

Nonorgan specific autoantibodies (NOSAs) development
is considered part of the natural course of chronic HCV

infection in children [3–6]. Different mechanisms have
been implicated in the development of NOSAs during
chronic hepatitis C [7]. The high prevalence of NOSAs
in adults is considered the clear evidence of the altered
immune system homeostasis in chronically infected patients.
The characteristic lymphotropism of HCV could be one
of the bases of the increased production of autoantibod-
ies. It has been hypothesized that HCV interacting with
B lymphocytes can lower the B-cell activation threshold
favouring autoantibodies production, and that HCV, such
as other hepatitis viruses, triggers autoimmune response
via a molecular mimicry mechanism. Molecular mimicry
originates when the target of the immune response to a
microorganism shares similarities with a “self” antigen,
and the original antimicrobial immune response becomes
cross-reactive with the “self,” that is, autoimmune. By
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Table 1: Studies investigating the prevalence of nonorgan specific auto-antibodies in children with chronic hepatitis C.

n NOSAs SMA ANA LKM-1 Dilution threshold of positivity Sample/s used

Bortolotti et al. 1996 [3] 40 32.5% 17.5% 7.5% 10% 1 : 20 Single point determination

Gregorio et al. 1998 [4] 51 65% 51% 10% 8% 1 : 10 Sequential serum samples

Muratori et al. 2003 [5] 47 34% 17% 9% 15% 1 : 10 Single point determination

Gehring et al. 2006 [6] 39 8% 5% — 2% 1 : 40 Two serum samples

Note: NOSAs, nonorgan specific autoantibodies; SMA, smooth muscle autoantibody; ANA, antinuclear antibody; LKM-1, liver kidney microsomal type-1
auto-antibody.

a complementary mechanism, HCV can induce cellular
injury determining the release of “self” antigens that are
normally protected from the immune system but when
released are able to elicit an autoimmune response [8, 9].

The prevalence of NOSAs in children with chronic HCV
infection has been investigated in few studies, and wide
ranges of positive results have been found (Table 1) [3–
6]. The heterogeneity of the prevalence estimations among
different studies is due probably to technical differences
in the laboratory methods used and to the fluctuating
behaviour of autoantibodies. For these reasons studies based
on determinations of NOSAs on serial samples [4], using
lower dilution thresholds of positivity [4, 5] and more sen-
sitive laboratory methods [4], had results higher than those
based on single point determinations [3, 5], using higher
thresholds of positivity [3, 6] and less sensitive methods.

Firstly, in 1996 Bortolotti et al. [3] analyzed the preva-
lence of NOSAs in forty Italian children with chronic
HCV infection. About one third of the children studied
had circulating NOSAs smooth muscle autoantibody (SMA)
being the most common autoantibody found. Interestingly,
in this cohort, patients with liver-kidney microsomal type-
1 (LKM-1) autoantibody were more often infected by HCV
genotypes 1 and 2, while no difference was found between
autoantibodies positive and negative cases with respect to
clinical features, γ-globulins levels, and liver histology. Few
years later, in 1998 Gregorio et al. [4] in a cohort of fifty-
one children with chronic infection using a lower dilution
threshold of positivity (1 : 10) and a homemade substrate for
indirect immunofluorescence found an higher prevalence of
autoantibodies positivity (65%). SMA was again the most
common autoantibody detected being present in 51% of the
patients. Twenty-nine percent of the patients enrolled were
positive for antibodies to gastric parietal cells [4]. Muratori et
al. in 2003 [5] found NOSAs in 34% of forty-seven children,
and they did not find any difference in clinical, virological,
and biochemical parameters between NOSAs-positive and -
negative children. Confirming previous findings in adults,
NOSAs negative children in this cohort had significantly
higher HCV viral load than those with NOSAs. As a
possible explanation the authors speculated that the unbal-
anced immune reaction determining autoimmunity creates
a cytokine environment which hampers viral replication [5].
In all the studies examined NOSAs titres were usually lower,
and the antigenic specificity by indirect immunofluorescence
was different than that usually found in children with
autoimmune hepatitis (AIH) [3–5]. Antinuclear antibodies

(ANA) presented with a speckled rather than homogeneous
pattern and SMA reacted only with vessels, sparing glomeru-
lar and tubular structures which are additional targets in
AIH type 1. Not all the children studied presented LKM-1
positivity reacting with the cytochrome P45IID6 (CYP2D6)
that is the common target of LKM-1 autoantibody in type 2
AIH.

In the studies by Gregorio and Muratori [4, 5] children
with chronic hepatitis C were enrolled together with children
with chronic hepatitis B and with other chronic liver diseases
as controls. Overall, NOSAs were more common in children
with chronic hepatitis C than in children with other liver
disorders of similar severity [4, 5], suggesting that the
presence of autoantibodies is not just a consequence of
the chronic liver damage. It is noteworthy that LKM-1
reactivity was not found in any of the controls suggesting
that LKM-1 positivity, even if not the most common, was
the most peculiar autoimmune feature of children with
chronic hepatitis C. Furthermore, LKM-1 prevalence in
HCV-infected children was consistently higher than that
found in studies involving HCV-infected adults [2].

2.1. Clinical Significance of NOSAs. The clinical significance
of NOSAs in the course of chronic hepatitis C is still
debated [7]. The real challenge for clinicians and scientists
is to understand whether and to what extent HCV-induced
autoimmunity contributes to liver damage distinguishing
two theoretically possible populations of children: (1) chil-
dren with HCV infection and histologically silent HCV-
induced autoimmunity and (2) children with HCV infection
and HCV-driven autoimmune liver damage.

As first hypothesis, NOSAs reactivity in children with
hepatitis C could be considered a simple consequence of
hepatocellular damage without pathogenic significance. This
hypothesis is supported by the observation that different
children despite NOSAs presence and persistence have
normal serum aminotransferase level, will not develop other
features of autoimmunity such as increased γ-globulins
levels, and usually have autoantibodies titres lower than that
observed in AIH and with a different pattern as detected
by indirect immunofluorescence [3–5]. On the other hand
autoimmunity could have pathogenetic implications in liver
damage of chronically infected children. Some data sup-
porting this hypothesis are available. In adults some studies
showed that the presence of autoantibodies was associated
with elevated levels of γ-globulins, immunoglobulins, alka-
line phosphatase, and γ-glutamil transpeptidase [10, 11].
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Furthermore, LKM-1 positive HCV-infected children have
been demonstrated to have a more advanced liver disease
when compared with LKM-1 negative peers [12].

Positivity for LKM-1 autoantibody in chronically infect-
ed children appears to have important clinical implication
in view of the significant biochemical deterioration observed
in LKM-1 positive patients who developed marked increases
in aminotransferase activity when treated with interferon-α
[3–5, 12]. This is a hot topic given the recent approval of
the combined treatment with pegylated interferon-α and rib-
avirin by FDA and EMA for children older than three years.
It has been hypothesized that in LKM-1 positive children
interferon-α may amplify the autoimmune response target-
ing CYP2D6 and thereby trigger acute LKM-1 mediated
liver damage. It is important that treatment of LKM-1/HCV
positive patients is decided after thorough investigations to
exclude AIH. The issue of immunosuppressive therapy in
these children is debated as it can improve clinical and
biochemical parameters in selected patients, but it favours
persistent HCV replication.

3. Thyroid

Few data are available regarding natural history of thyroid
dysfunction and thyroid autoimmune disease in children
with chronic HCV infection [4, 6, 13]. Gregorio et al. tested
the presence of antithyroglobulin and antithyroperoxidase
(TPOA) in chronic HCV positive children before and after
treatment with interferon-α with no positive result [4].
Ghering et al. investigating thyroid function and prevalence
of autoimmune phenomena in chronic HCV-infected chil-
dren treated with interferon-α, found a strong correlation
between treatment and emergence of thyroid antibodies [6].
Before treatment all children had normal thyroid function,
one child had an isolate TSH elevation and a further one
had borderline TPOA levels [6]. Indolfi et al. in a case-
control study enrolling a cohort of untreated children with
vertically acquired chronic HCV infection (n = 36), showed
a high prevalence of subclinical hypothyroidism (11%)
and of autoimmune thyroiditis (5.6%) [13]. Subclinical
hypothyroidism was not related to length of infection, or to
different HCV genotypes, but it was related to the presence
of active liver disease. Subclinical hypothyroidism was not
found in children with apparent virus clearance but only in
those with chronic infection and persistent viraemia even
though no correlation was found between development of
subclinical hypothyroidism and levels of viraemia. No child
with subclinical hypothyroidism in this study presented
antithyroid autoantibodies suggesting that the mechanism
of subclinical hypothyroidism in HCV-infected children is
not antibody mediated [13], although autoimmunity cannot
be excluded absolutely as in adults autoimmune thyroiditis
without detectable circulating anti-thyroid antibody titres
has been demonstrated and autoimmunity can be executed
by autoreactive T cells also in the absence of detectable
autoantibodies [14]. The possible role in the genesis of
subclinical hypothyroidism during chronic HCV infection
of the impaired hepatic metabolism of thyroid hormones

[12] and of the thyroid infection by HCV [15] remains
speculative.

4. Kidney

Membranoproliferative glomerulonephritis is the most com-
mon renal disease associated with HCV infection in adults
[2]. To the best of our knowledge only three cases of
HCV-associated membranoproliferative glomerulonephritis
in children have been reported [16–18]. The specific patho-
genesis of the glomerular injury caused by HCV infection is
not known, but it is thought to result from the deposition
of circulating immune complexes of HCV and anti-HCV on
the glomerular capillary in the mesangium [2]. In one of the
three children described, successful antiviral monotherapy
with pegylated interferon-α resulted in HCV RNA clearance
and disappearance of proteinuria [16].

5. Anecdotal Observations

Single reports are available in the literature reporting the
anecdotal association between chronic hepatitis C and extra-
hepatic manifestations. Mohan et al. described a 15-year-old
boy with diabetes, chronic HCV infection, and an inflamma-
tory myopathy presumed to be associated with HCV infec-
tion [19]. The potential association between inflammatory
myopathy and HCV infection has been infrequently reported
in adult patients [20], and an autoimmune mechanism has
been hypothesized. Ertekin and Tan reported a 9-year-old
boy with progressive cerebellar ataxia, action myoclonus,
palpebral flutter, vomiting, headache, and opsoclonus, diag-
nosed with opsoclonus-myoclonus syndrome [21]. This
rare neurologic disorder characterized by multidirectional
chaotic eye movements, myoclonus in the limbs, and ataxia
may be associated with viral infections and for the first time
with hepatitis C [21]. The exact immunopathogenesis of
the disease is undefined [22], but as for other extrahepatic
manifestations of HCV infection, the underlying mechanism
was postulated to be immune system dysregulation.

6. Conclusions

The wide range of extrahepatic manifestations of HCV
in adults suggests that HCV chronic infection should be
considered a systemic disease. An important role in the devel-
opment of extrahepatic manifestations of HCV is thought to
be played by geographic, genetic, or environmental cofactors
as well as by the disease activity [2]. Chronic hepatitis C
is much different in children when compared to adults
with regard to disease activity, response to treatment, and
extrahepatic manifestations. Mixed cryoglobulinaemia, for
example, is the most documented extrahepatic manifestation
of HCV infection in adults and has never been described in
children. Although discussed, the association between mixed
cryoglobulinaemia and severe liver damage has been shown
by different epidemiological studies [2, 23]. The natural
history of chronic hepatitis in children is usually of a mild
disease [24], and the low incidence of severe liver damage
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during childhood could be partly responsible for the absence
of mixed cryoglobulinaemia in children. Despite the low
incidence of extrahepatic manifestations in children, overall,
available data suggest a careful monitoring.
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Cytokines are intercellular mediators involved in viral control and liver damage being induced by infection with hepatitis C
virus (HCV). The complex cytokine network operating during initial infection allows a coordinated, effective development of
both innate and adaptive immune responses. However, HCV interferes with cytokines at various levels and escapes immune
response by inducing a T-helper (Th)2/T cytotoxic 2 cytokine profile. Inability to control infection leads to the recruitment of
inflammatory infiltrates into the liver parenchyma by interferon (IFN)-gamma-inducible CXC chemokine ligand (CXCL)-9, -10,
and -11 chemokines, which results in sustained liver damage and eventually in liver cirrhosis. The most important systemic HCV-
related extrahepatic diseases—mixed cryoglobulinemia, lymphoproliferative disorders, thyroid autoimmune disorders, and type
2 diabetes—are associated with a complex dysregulation of the cytokine/chemokine network, involving proinflammatory and
Th1 chemokines. The therapeutical administration of cytokines such as IFN-alpha may result in viral clearance during persistent
infection and reverts this process.

1. Introduction

Cytokines are small soluble proteins secreted by immune sys-
tem cells and other cells and are part of an intercellular com-
munication system responsible for immune response [1].
These proteins play their role by binding specific cell recep-
tors that either induce or inhibit cytokine-regulated genes.
During viral infection, various cytokines play a role both in
viral clearance and tissue damage [1].

2. Cytokines

Over 100 different cytokines have been reported, which are
classified according to their primary role. In relation to their
functions, cytokines can be classified in subgroups: (a) pro-
inflammatory cytokines (interleukin (IL)-1, IL-6, tumor ne-
crosis factor (TNF)-alpha); (b) T-helper (Th)1 cytokines,
which are produced by Th1-activated lymphocytes (inter-
feron (IFN)-gamma, IL-12, IL-18); (c) Th2-type cytokine
which plays a role in the inhibition of cytokines derived from

Th1 cell which turns out to downregulate the function of Th1
immune responses, inhibiting antigen-presenting capacity of
macrophage and promoting B-cell proliferation and there-
fore antibody production (IL-10, IL-4, IL-5, IL-13); (d) Th17
cytokines which are important for the differentiation of Th17
lymphocytes. IL-23, together with IL-6 and transforming
growth factor (TGF)-beta, leads to the differentiation of Th0
to Th17 cells which carry out the function of secreting IL-
17A, IL-17F, TNF-alpha, and IL-1 thus leading to proinflam-
matory reaction [1].

3. Chemokines

Chemokines are a large multifunctional family of cytokines
(chemotactic cytokines) that induce the migration of cells
to sites of infection or injury. Functionally chemokines fall
into two main categories: homeostatic or proinflammatory.
Homeostatic chemokines are produced constitutively; these
are generally involved in lymphocyte trafficking, immune
surveillance, and localization of lymphocytes with antigen
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in the lymphatic system [2]. Other chemokines are only
produced by cells during infection or following a proinflam-
matory stimulus and prompt the migration of leukocytes to
an injured or infected site. Such inflammatory chemokines
can also activate cells to raise an immune response.

Chemokines are structurally related, because most of
them contain four invariant cysteine residues. Depending on
the arrangement of the first two of these cysteines, chemok-
ines are divided into four subfamilies: CXC (alpha), CC
(beta), C (gamma), and CX3C (delta) [3]. Chemokines are
produced as propeptides and are cleaved during secretion to
produce an active mature protein [4] that functions by acti-
vating G-protein-coupled receptors. The receptors for these
chemokines have been termed accordingly as CXCR, CCR,
CR, and CX3CR [5].

4. Hepatitis C Virus (HCV) and
Immune Response

HCV is a hepatotropic, noncytopathic virus of the family
Flaviviridae, which induces both acute and chronic necro-
inflammatory liver disease [6, 7]. HCV escapes immune con-
trol in 60–85% of cases. When infecting the liver parenchy-
ma, HCV continuously releases viral particles into the blood
stream. The first line of defense that HCV will encounter
includes natural killer (NK) cells and natural killer T (NKT)
cells [8]. These cells are activated by type 1 IFN (alpha and
beta) released by infected liver cells. NK and NKT cells
constitute a relevant source of IFN-gamma and TNF-alpha
[9]. These cytokines inhibit viral replication without de-
stroying liver cells. NK cells are activated by IL-12 released
from dendritic cells (DCs) and thus become empowered to
eliminate infected cells [10]. NK cells may also induce partial
or total DCs maturation [11].

DCs can process viral antigens and present them to spe-
cific immune system cells via class I and class II major histo-
compatibility complex (MHC) molecules. DCs capture viral
particles through Toll-like receptors (TLRs). Upon activa-
tion, DCs secrete several types of cytokines (IL-12, TNF-
alpha, IFN-alpha, IL-10) that will regulate and polarize the
response of adjacent cells [12]. Mature DCs leave the liver
after viral epitope collection and head for lymph nodes,
where they will activate T cells in the specific immune system
[13].

Cytokines released in the liver parenchyma induce che-
mokine release by liver cells, including IFN-gamma-induci-
ble protein (IP-10/CXCL10), IFN-gamma-induced monoki-
ne (MIG/CXCL9), IFN-inducible T-cell alpha chemoattrac-
tant (I-TAC/CXCL11), macrophage inflammatory protein
(MIP)-1alpha (MIP/CCL3), and MIP-1beta/CCL4, which re-
cruit [14] specific cells capable of infection control.

Mature DCs and immature T cells, both of which express
chemokine receptor CCR7, are recruited towards lymph
nodes by secondary lymphoid-tissue cytokine (SLC/CCL21)
[13]. In the lymph node, T cells expressing T-cell receptors
(TCRs) appropriate for the recognition of epitopes presented
by DCs in their MHC molecules are activated. The inter-
action between the TCR and MHC-viral epitope complex
results in specific T-cell activation. Certain specific CD8

T cells, cytotoxic T lymphocytes (CTLs), become cytolytic,
secrete type 1 cytokines, and travel to the infected liver [15–
17]. Specific CD4+ T cells will regulate the adaptive response
by secreting Th1 cytokines (IL-2, IFN-gamma, TNF-alpha)
to facilitate a cell-mediated immune response and Th2 cytok-
ines (IL-4, IL-10, IL-13) to regulate the humoral immunity
[18]. It is widely accepted that adaptive immune response
plays a key role in the control of HCV infection.

5. Cytokines and HCV Chronic Infection

HCV manages to escape immune response. To this end they
interfere with various immune mechanisms including cytok-
ine activity modulation.

5.1. Innate Immunity. A primary cell defense mechanism
during initial infection is the synthesis of antiviral type 1
IFN-alpha/beta [19]. On binding its receptor, IFN-alpha/
beta activates a number of intracellular mechanisms that can
prevent viral replication and spread to other liver cells. HCV
is a good inducer of IFN-alpha/beta expression [20]. Howev-
er, HCV seems to be, at least in part, unresponsive to IFN-
alpha/beta effects and may effectively replicate in the liver
despite such gene induction. HCV can block type 1 IFN in-
duction; this possibly results from the fact that nonstructural
proteins (NS 3 and NS5A), and structural protein E2 may
both potentially block the expression and transcription of
IFN-alpha/beta-induced genes. HCV NS5A protein induces
IL-8 expression, which is associated with IFN-alpha inhibi-
tion [21].

The outcome of a viral infection depends on the interplay
between the host capacity to trigger potent antiviral respons-
es and viral mechanisms that counteract them. Although
Toll-like receptor (TLR)-3, which recognizes virally derived
double-stranded (ds) RNA, transmits downstream antiviral
signaling through the TIR adaptor Trif (TICAM-1), viral
RNA-sensing RIG-like helicases (RLHs) use the mitochon-
drial-bound CARD protein Cardif (IPS-1/MAVS/ISA). The
importance of these two antiviral signaling pathways is re-
flected by the fact that both adaptors are inhibited through
specific cleavage triggered by the HCV serine protease NS3-
4A [22, 23].

NK cells and NKT cells exert their antiviral action
through direct, non-MHC-restricted cytotoxic mechanisms
and IFN-gamma production [24]. In addition, they allow
maturation for DCs favoring the development of Th1/Tcy-
totoxic (Tc)1 responses [10]. However, they do not seem to
play a significant role in acute HCV infection [25]. It has been
suggested that HCV can block NK cells and NKT cells func-
tions thus preventing antiviral cytokines such as IFN-gamma
from being produced, via an interaction between HCV E2
protein and NK-cell CD81 molecule [26].

During chronic infection with HCV, a decrease in IFN-
alpha production by plasmacytoid DCs has been reported
[27], such as a decrease in IL-12 production by myeloid DCs
[28]. In fact, HCV structural proteins can interact with TLR-
2 in monocytes and induce IL-10 production, which inhibits
IL-12 and IFN-alpha production in DCs [29]. However,
other studies reported an increased IFN-alpha production,
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especially in patients who fail to respond to exogenous IFN-
alpha, in whom IFN-stimulated genes (ISGs) are highly acti-
vated [30].

It has been also suggested that DCs cytokine profile
cannot polarize T-cell responses towards a Th1/Tc1 response
[31] and contributes to inadequate NK cells and NKT cells
activation. However, other studies have shown that a pro-
gressive liver injury in chronic hepatitis C infection correlates
with increased intrahepatic expression of Th1-associated cy-
tokines [32, 33].

5.2. Adaptive Response. HCV CD4+-T cells play a key role
in adaptive response in that they provide help in activating
cytotoxic and humoral responses. They can secrete Th1-
cytokines including IFN-gamma, which favors neutrophil
and macrophage recruitment and leads to inflammatory re-
sponse. They also may release Th2 cytokines such as IL-4
and IL-10, which limit Th1 cytokine-mediated response and
favor the development of humoral response [34]. A multis-
pecific, strong, sustained, CD4+-T-cell-specific Th1 response
may be seen in infections with HCV infection evolving to
resolution [35]. However, when infection becomes chronic,
a weak CD4-T-specific response with few specificities and
scarce type 1 cytokine production is observed [36].

CD8+ CTLs can clear viruses using apoptosis-related cy-
tolytic mechanisms and mechanisms mediated by type 1 cy-
tokines (IFN-gamma, TNF-alpha). In chronic infection with
hepatitis B virus or HCV, specific CTLs are few and engage
few specific targets; they also display anergic characteristics
with reduced type 1 cytokine secretion [37]. Another poten-
tial mechanism of blocked type 1 cytokine production results
from regulatory T-cell activity. These cells can release IL-10
and TGF-beta and inhibit proliferation and cytokine synthe-
sis in T cells, either directly or through other cytokines, in
hepatitis C [38].

Cytokines produced by T cells play a role in the regulation
of humoral responses; nevertheless, these responses cannot
control chronic viral hepatitis, even though they play a role
in the pathogenesis of extrahepatic manifestations [18].

6. Cytokines and Liver Damage

When specific immune response fails to control viral rep-
lication, the infected liver cells secrete IFN-gamma-in-
duced chemokines such as CXC chemokine ligand CXCL9,
CXCL10, and CXCL11, which result in the migration of
nonspecific mononuclear cells into the liver [39], which are
unable to control infection but result in sustained liver dam-
age [40]. Inhibition of these chemokines limits nonspecific
cell migration and hence reduces the inflammation [41].
The recruitment of persistent mononuclear infiltrates leads
to the development of chronic inflammation, which results
in sustained liver damage. Finally, chronic inflammation in-
duces regenerating mechanisms in the liver parenchyma.
Several factors influence this process, including cytokines
such as IL-6, TNF-alpha, TGF-beta, hepatocyte growth fac-
tor, and epidermal growth factor. These and other factors
activate transcription factors such as nuclear factor-κB, signal
transducer, and activator of transcription 3 which initiate the

gene expression cascade leading to hepatocyte proliferation
[42].

Persistent inflammation also activates hepatic stellate
cells, myofibroblasts, and fibroblasts, which favors the devel-
opment of liver fibrosis. The activation of these cells is regu-
lated by pro-inflammatory cytokines such as TGF-beta, IL-
6, TNF-alpha, CCL21, and platelet-derived growth factor,
among other stimuli [43].

7. HCV-Related Extrahepatic
Diseases (HCV-EHDs)

HCV is known to be responsible for both hepatic and HCV-
EHDs. The most important systemic HCV-EHDs are HCV-
related mixed cryoglobulinemia (MC) (MC+HCV) and lym-
phoproliferative disorders, while the most frequent and clin-
ically important endocrine HCV-EHDs are autoimmune
thyroid disorders (AITDs).

8. Cytokines, Cryoglobulinemia, and
Lymphoproliferation

MC is a distinct syndrome clinically characterized by pur-
pura, weakness, arthralgia, and involvement of one or more
organ systems, including membranoproliferative glomeru-
lonephritis, peripheral neuropathy, skin ulcers, liver damage,
and diffuse vasculitis. Cryoprecipitable immunocomplexes,
namelymixed (IgG-IgM) cryoglobulins, are the serological
hallmark of the disease: IgG is the autoantigen and IgM,
with rheumatoid factor (RF) activity, the autoantibody. MC
is classified in type 2 and type 3 according to the presence of
polyclonal or oligo-monoclonal IgMs. Because expansion of
RF-producing B cells is the underlying disorder of MC, this
condition is considered a “benign” B-cell lymphoprolifera-
tive disease [44, 45].

The mechanism(s) responsible for the lymphoprolifera-
tion surrounding MC remain unknown. Due to geographical
heterogeneity in prevalence of MC+HCV, it is conceivable
that unknown genetic and/or environmental factors may
influence the development of this syndrome [46]. Several
data are consistent with the possibility that chronic stimula-
tion of B cells by viral epitopes could play an important role
[47–49].

A wide body of evidence, in addition, strongly suggests
that a key factor in the pathogenesis of MC+HCV is repre-
sented by the inhibition of the apoptosis of B cells, leading
to their progressive accumulation. First, this is suggested
by the histopathological characteristics of liver and/or bone
marrow lymphocyte infiltrates in MC patients [50], as well
as by the high prevalence of bcl-2 rearrangement (t(14;
18) translocation) in patients with MC, with regression of
translocated B-cell clones after successful antiviral therapy
[45, 51, 52].

Furthermore, B-lymphocyte stimulator (BLyS) serum
levels are significantly correlated with B-cell proliferation
during chronic HCV infection. These results strongly suggest
a role for BLyS in the induction and expression of HCV- B-
cell proliferation [53–55]. Chemokine CXCL13, also known
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as BCA-1 (B cell-attracting chemokine-1) or BLC (B-lym-
phocyte chemoattractant), is a major regulator of B-cell
trafficking. HCV infection may be associated with B-cell
dysfunction and lymphoproliferative disorders, including
MC+HCV. The results by Sansonno et al. [56] indicate that
upregulation of CXCL13 gene expression is a distinctive
feature of HCV-infected patients. Higher levels of this che-
mokine in the liver as well as in the skin of patients with
active MC+HCV vasculitis suggest a possible interrelation
between these biologic compartments.

Recently, Saadoun et al. [57] studied the local immune
response in the liver, which is considered the principal site
for immune reactions involved in MC pathogenesis. In that
study, the cytokine profile of liver-infiltrating T lymphocytes
from MC+HCV patients and without MC (of type 2) were
compared. They showed that, although no differences were
found in the proportion of CD4+, CD8+ liver T cells, the
ability of freshly isolated liver T cells to produce type 1 cy-
tokines in response to stimulation with phorbol myristate
acetate and ionomycin for 6 hours was significantly higher in
MC+HCV patients than in HCV-infected controls without
MC, whereas production of type 2 cytokines by these cells
was similar (IL-4) or reduced (IL-10).

This agrees with previous data obtained in peripheral
blood mononuclear cells [58], ruling out the possibility of
a discrepancy between the response of peripheral and liver
T cells. Interestingly, in both studies by Saadoun et al. and
Loffreda et al. [57, 58], a reduced expression of IL-10 (a
strong inhibitor of IFN-gamma production) is demonstrated
regardless of the different sources. These observations sug-
gest that the evolution of HCV infection toward MC is char-
acterized by a strong Th1 response.

Several studies have shown an increased expression of
IFN-gamma [59] and IFN-gamma-inducible chemokines
[60], in particular CXCL10, in hepatocytes and in lympho-
cytes of HCV-infected patients [61, 62], directly related with
the degree of inflammation and with an increase of circulat-
ing levels of IFN-gamma and CXCL10 [14, 63–66].

Furthermore, it has been shown that NS5A and core
proteins, alone or by the synergistic effect of cytokines, such
as IFN-gamma and TNF-alpha, are capable of upregulating
CXCL10 and CXCL9 gene expression and secretion in cul-
tured human hepatocyte-derived cells [67], suggesting that
CXCL10 produced by HCV-infected hepatocytes could play
a key role regulating T-cell trafficking into a Th1-type inflam-
matory site as the liver tissue during chronic HCV infection,
by recruiting Th1 lymphocytes that secrete IFN-gamma and
TNF-alpha, which induce CXCL10 secretion by hepatocytes,
thus perpetuating the immune cascade [68].

Furthermore, we have recently shown that circulating
CXCL10, CXCL11, IFN-gamma-inducible (Th1) chemoki-
nes are higher in patients with MC+HCV than in chronic
hepatitis C (CHC) patients. Moreover, our studies demon-
strate markedly high serum levels of CXCL10 and CXCL11
in patients with MC+HCV compared to healthy controls
in particular in the presence of active vasculitis. A strong
relationship between circulating IFN-gamma and CXCL11
was shown, strongly supporting the role of a Th1 immune
response in the pathogenesis of MC+HCV patients [69–74].

For comparison the prototype Th2 chemokine (C-C
motif) ligand 2 (CCL2) was not significantly different in
patients with MC+HCV and active vasculitis than in MC
patients, and it suggests that the Th1 CXCL10 chemokine is
specifically involved in the appearance of vasculitis in these
patients [74].

The pro-inflammatory cytokines IL-1beta, IL-6, and
TNF-alpha have also been evaluated in MC+HCV patients.
In fact, MC+HCV patients show significantly higher mean
IL-1beta, IL-6, and TNF-alpha levels than the controls or the
HCV patients. If the importance of IL-1beta and IL-6 in the
pathogenesis of MC is confirmed, these results will open the
way for the evaluation of new therapies for MC [75].

On the whole the above-mentioned data underline the
importance of the activation of the Th1 immunity in the
immunopathogenesis of MC+HCV, but suggest a complex
dysfunction of the cytokine/chemokine network in these pa-
tients, involving also pro-inflammatory cytokines.

9. Cytokines and AITDs Associated with
HCV and MC

The pattern of thyroid disorders observed in HCV infection
is characterized by the presence of increased circulating levels
of antithyroid peroxidase antibody (AbTPO) and increased
risk of hypothyroidism in AbTPO positive subjects [76–80].

This pattern is similar to that observed in IFN-alpha-
treated patients, too [81].

Differences in geographical distribution [82], genetic
variability in the populations studied [83], and environmen-
tal cofactors, such as iodine intake or other infectious agents
[84, 85], could play an important role in the development of
AITD.

Recently it has been shown that high levels of CXCL10
are present in patients with autoimmune thyroiditis (AT),
in particular in the presence of hypothyroidism [68], and
an involvement of Th1 immune response in the induction
of AT [86], Graves’ disease, and Graves’ ophthalmopathy
[87] has been shown. Furthermore, the presence of HCV in
the thyroid of chronically infected patients has been recently
demonstrated [88, 89]; however, other studies are needed to
furtherly confirm this point.

On the above-mentioned bases, it has been speculated
that HCV thyroid infection may act by upregulating CXCL10
gene expression and secretion in thyrocytes (as previously
shown in human hepatocytes [67]) recruiting Th1 lympho-
cytes that secrete IFN-gamma and TNF-alpha, which induce
CXCL10 secretion by thyrocytes, thus perpetuating the im-
mune cascade, that may lead to the appearance of AITDs in
genetically predisposed subjects.

This hypothesis has been recently confirmed by two stud-
ies that demonstrated high serum levels of CXCL10 in
MC+HCV patients and showed that CXCL10 is significantly
higher in the presence of AT compared to MC+HCV patients
without thyroiditis [90, 91]. For comparison the prototype
Th2 chemokine CCL2 was not significantly different in
patients with MC+HCV in the presence of AT than in
MC+HCV patients, and it suggests that the Th1 CXCL10
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chemokine is specifically involved in the appearance of AT
in these patients [91].

Among the pro-inflammatory cytokines, IL-1beta and
TNF-alpha were not associated with the presence of AT in
MC+HCV patients, while IL-6 was modestly but significantly
increased in patients with AT [71, 92].

On the whole the above-mentioned data underline the
importance of the activation of the Th1 immunity in the
immunopathogenesis of AT in patients with MC+HCV.

10. Cytokines and Type 2 Diabetes Mellitus
(T2DM) Associated with HCV and MC

Several clinical epidemiological studies since 1994 have re-
ported that HCV infection is linked to diabetes [93]. The as-
sociation between HCV infection, in patients without cirrho-
sis (a well-known risk factor for T2DM), and T2DM has been
first studied in two of our studies, in patients with chronic
HCV infection (HCV+) associated with MC (MC+HCV)
[94] and in patients with HCV-related chronic liver disease
[95].

There is one population study (National Health and Nu-
trition Examination Survey-NHANES III 1988–1994) that
showed an adjusted odds ratio of 3.8 for T2DM for those who
were aged >40 years and HCV+ [96] and increased incidence
of T2DM [97].

There have been a few reports, too, that IFN treatment
of HCV infection improves glucose tolerance [94, 98] when
HCV infection is eradicated; however, another study did not
confirm these results [99].

Altogether the above-mentioned data indicate that HCV
chronic infection is a risk factor for developing T2DM.

10.1. Mechanism

10.1.1. Insulin Resistance and Steatosis. It is speculated that
insulin resistance (as a consequence of hepatic steatosis (i.e.,
present in about 50% of the subjects with HCV infection)
[93] and/or elevated expression of TNF-alpha (strongly cor-
related with the degree of liver diseases and the level of insu-
lin resistance) [89]) may lead to the development of T2DM
[93].

10.1.2. Direct Islet Cell Destruction by HCV. Masini et al.
[100] recently demonstrated a direct cytopathic effect of
HCV at the islet cell level.

10.1.3. Possible Autoimmune Induction. The type of diabetes
manifested by patients with HCV chronic infection is not the
classical T2DM. The labelling of HCV+ patients as T2DM
is purely conventional and possibly inaccurate: the lines
separating type 1 diabetes from latent autoimmune diabetes
in adults (LADA) and from T2DM are fading away as new
pathogenetic information is obtained [101].

Three studies have previously reported [94, 95, 102] that
HCV+ patients T2DM were leaner than T2DM controls and
showed significantly lower LDL-cholesterol and systolic and
diastolic blood pressure. Furthermore, MC-HCV+ patients

with T2DM had non-organ-specific autoantibodies more
frequently (34% versus 18%) than nondiabetic MC-HCV+
patients [94].

An immune-mediated mechanism for MC-HCV+ asso-
ciated diabetes has been postulated [94], and a similar path-
ogenesis might be involved in the diabetes of HCV+ patients.
This hypothesis is strengthened by the finding that autoim-
mune phenomena in T2DM patients are more common
than previously thought [103]. Since the prevalence of classic
beta-cell autoimmune markers in HCV+ patients has not
been found to be increased [89], other immune phenomena
might be involved [104].

On the above-mentioned bases, it could be interesting
to speculate that HCV infection of beta cells [100] may
act by upregulating CXCL10 gene expression and secretion
(as previously shown in human hepatocytes) recruiting Th1
lymphocytes that secrete IFN-gamma and TNF-alpha, which
induce CXCL10 secretion by beta cells, thus perpetuating the
immune cascade that may lead to the appearance of beta cells
dysfunction in genetically predisposed subjects.

This hypothesis has recently been confirmed by a study
that demonstrates higher serum levels of CXCL10 in HCV+
patients with T2DM with respect to those without [64, 105].

11. Therapeutic Role of Cytokines in
Chronic Viral Hepatitis

IFN-alpha is the only cytokine currently used in the treat-
ment of chronic viral hepatitis. In CHC, pegylated IFN-alpha
combined with ribavirin leads to sustained viral clearance in
50% of patients [106]. The most important effect of IFN-
alpha is directly antiviral; however, it has also immunomodu-
lating actions that favor Th1/Tc1 response restoration [107–
109]. On the other hand, ribavirin, a wide-spectrum antivi-
ral agent used in combination therapy for hepatitis C, has
immunomodulating effects that induce type 1 cytokine pro-
duction [110]. Sustained viral load reduction with antiviral
agents has also been seen to facilitate specific T response re-
covery with type 1 cytokine production in hepatitis C [111].

An exogenous administration of Th1-inducing cytokines
such as IL-12 [112] or anti-inflammatory cytokines such as
IL-10 has also been attempted to reduce intrahepatic inflam-
mation severity [113]. However, such therapies remain ex-
perimental, and their effectiveness is unclear.

From a theoretical standpoint Tc1-associated chemokine
receptors may represent an interesting therapeutic target in
the development of drugs for patients with chronic hepatitis
unresponsive to antiviral agents, their aim being a reduction
of liver inflammation and progression to fibrosis by blocking
inflammatory cell migration into the liver [39, 41].

Treatment-induced and spontaneous clearance of HCV
infection are affected by various host factors. Polymorphisms
in the region of the gene IL-28B are associated with HCV
clearance, implicating the gene product, IFN-lambda3, in
the immune response to HCV. Although it is not clear how
the IL-28B haplotype affects HCV clearance, IFN-lambda3
upregulates IFN-stimulated genes, similar to IFN-alpha and
-beta, but via a different receptor. There is also evidence that
IFN-lambda3 affects the adaptive immune response.
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It is known that IL-28B may establish a robust T-
cell adaptive immune response [114, 115]. This effect may
explain the relationship between single-nucleotide polymor-
phism (SNPs) near IL-28B, adaptive response, and viral
clearance [116].

The IL-28B genotype can be considered, along with
other factors, in predicting patient responses to therapy with
pegylated IFN-alpha and ribavirin [117, 118].

Clinical studies assessing safety and efficacy in the treat-
ment of HCV with exogenous IFN-lambda3 are currently
underway. Early results suggest that IFN-lambda3 treatment
inhibits HCV replication and is associated with a limited
side effect profile. However, hepatotoxicity in both healthy
volunteers and HCV-infected patients has been described
[119].

12. Conclusion

Cytokines are intercellular mediators involved in viral con-
trol and liver damage as induced by infection with HCV. The
complex cytokine network operating during initial infection
allows a coordinated, effective development of both innate
and adaptive immune responses. However, HCV interferes
with cytokines at various levels and escape immune response
by inducing a Th2/Tc2 cytokine profile. Inability to control
infection leads to the recruitment of inflammatory infiltrates
into the liver parenchyma by IFN-gamma-inducible CXCL9,
-10 and -11 chemokines, which results in sustained liver
damage and eventually in liver cirrhosis; however, fibrogen-
esis may also follow distinct paths. The most important sys-
temic HCV-EHDs—MC, lymphoproliferative disorders, and
AITDs—are associated with a complex dysregulation of the
cytokine/chemokine network, involving pro-inflammatory
and Th1 chemokines. The therapeutical administration of
cytokines such as IFN-alpha may result in viral clearance
during persistent infection and reverts this process.
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