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ABSTRACT

Cryoglobulinemic vasculitis (CV) is an

immune-complex-mediated systemic

vasculitis involving small-medium sized

vessels. A causative role of hepatitis C

virus (HCV) in over 4/5 patients has
been definitely established on the basis

of epidemiological, pathological, and

laboratory studies. There is great geo -
graphical heterogeneity in the preva -
lence of CVaswell asother HCV-relat -
ed immuno-lymphoproliferative disor -
ders. Thus, unknown environmental

and/or genetic co-factors should con -
tribute to the pathogenesis of these

conditions. Due to its biological prop -
erties, HCV genomic sequences cannot

be integrated into the host genome; the
virus could trigger the immunological

alterationsonly indirectly by exerting a
chronic stimulus to the immune system.

Recent laboratory observations gave
us new important insights on the com -
plex pathogenetic mechanism(s) of

HCV-related CV. Firstly, the HCV

envelop protein E2, able to bind CD81

molecule expressed on B-lymphocytes,

might be involved in the first steps of

HCV-driven autoimmune and lympho -
proliferative phenomena. The interac -
tion between HCV-E2 and CD81 may
increase the frequency of VDJ rear -
rangement in antigen-reactive B-cell.

One possible consequence may be the
activation of anti-apoptotic Bcl-2 pro -
toncogene that leads to extended B-cell

survival. Interestingly, t(14, 18) trans -
location along with Bcl-2 activation

have been demonstrated in B-lympho -
cytes of 80% HCV-related CV. The B-

lymphocyte expansion is responsible
for a wide autoantibody and immune-

complex production, including mixed

cryoglobulins.

CV shows a relatively benign clinical

course; however, its cumulative sur -
vival is significantly worse if compared
to general population. For a correct
therapeutic approach to HCV-related
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CV we must deal with conflicting con -
ditions: HCV infection, autoimmune,
and lymphoproliferative alterations.
Therapeutic strategy of CV includes
etiologic, pathogenetic, and/or sympto -
matic therapies, which should be tai -
lored for the single patient according to
the severity of clinical symptoms. A
careful clinical monitoring of patients
with HCV-related CV is mandatory in
all cases, with particular attention to
neoplastic complications.

Cryoglobulinemic vasculitis
Cryoglobulinemiais defined as the pre-
sence of circulating immunoglobulins
(lg) that precipitate at temperatures
below 37°C and redissolve on re-
warming (1). Such an in vitro phenom-
enon is detectable in a wide number of
chronic infectious and immunological
disorders, as well as in some hemato-
logical malignancies (1-3).
Cryoglobulinemia is usually classified
into three serological subsets according
to the Ig composition of cryoprecipi-
tates (4): monoclonal cryoimmuno-
globulinemia (type I) composed by sin-
gle monoclonal 1g; mixed cryoglobu-
linemia containing a mixture of poly-
clonal 1gG and monaclonal (type Il) or
polyclonal (type I11) IgM rheumatoid
factor (RF). Type | cryoglobulinemiais
frequently associated to a well known
hematological disorder, such as Wal-
denstrom’s macroglobulinaemia, mul-
tiple myeloma, immunocytoma; it is
per se asymptomatic with the possible
exception of the hyperviscosity syn-
drome.

Both type 1l and 111 mixed cryoglobu-
linemia (MC) can be classified as es-
sential or secondary in the absence/
presence of other well defined infec-
tious, immunological or neoplastic dis-
eases (1-5).

The so-called ‘essential” MC was first
described as distinct clinical syndrome
in 1966 (5). MC is characterized by a
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typical triad — purpura, weakness, arth-
ralgias—and by multisystem organ in-
volvement including chronic hepatitis,
membranoproliferative glomerulone-
phritis (MPGN), peripheral neuropa
thy, skin ulcers, widespread vasculitis,
and less frequently lymphatic and
hepatic malignancies (2-6). Serological
features of MC include a variety of cir-
culating immune complexes, mainly
mixed cryoglobulins with RF activity,
and reduced hemolytic complement ac-
tivity with markedly low C4 (2-7).
Type Il and type 1l MC do not differ
with regard to clinical manifestations.
However, the presence of monoclonal
component in the cryoprecipitate, as
well as among tissue lymphoid infil-
trates, can suggest a rather oncogenic
potential of type Il MC, which in some
individuals may evolve to malignant
lymphoma (5,6). The analysis of cryo-
precipitates is generaly carried out by
means of immunoelectrophoresis or
immunofixation.

Using more sensitive methodologies,
i.e. immunoblotting or 2-dimensional
polyacrylamide gel electrophoresis,
type Il MC frequently shows a micro-
heterogeneous composition (8). This
particular subset, the type Il-IIl MC
composed of oligoclona IgM or a mix-
ture of polyclonal and monoclonal
IgM, could fit together the most recent
molecular studies showing the pres-
ence of oligoclonal B-lymphocyte pro-
liferations in liver and bone marrow
biopsies from MC patients (9-10). In
two-thirds of type || MC cross-idiotype
WA monoclona RF has been demon-
strated (3,11). This WA (after the pa
tient in whom it was first detected)
amost invariably express a Vk light
chain derived from a single germinal
gene, the human KV 325 (3, 11). The
same WA monoclona IgMk RF has
also been detected in type Il MC sec-
ondary to lymphoid malignancies, pro-
bably expression of an antigen-inde-
pendent clonal B-cell lymphoprolifera-
tion. The pathological hallmark of MC
is a leucocytoclastic vasculitis, involv-
ing small and medium sized vessels
responsible for cutaneous and visceral
organ involvement (2-7). In the pres-
ence of the above clinico-serological
and pathological alterations, the terms

MC and cryoglobulinemic vasculitis
(CV) are referred to the same clinical
syndrome.

CV isconsidered to be arelatively rare
disorder; its prevalence among differ-
ent countries shows a great geographi-
cal etherogeneity, being the disease
more frequent in southern Europe than
in northern Europe or North America
(3-6). There are not available classifi-
cation/diagnostic criteriafor CV. In the
clinical practice, the main diagnostic
parameters are serum mixed cryoglob-
ulins with RF activity, low C4, ortho-
static skin purpura, and leukocytoclas-
tic vasculitis of small/medium-sized
blood vessels secondary to the deposi-
tion of circulating immune-complexes
and complement (2-7). Diagnostic fea-
tures may also include the presence of
one or more organ involvement (periph-
eral nerves, renal and/or liver), as well
as clona B-lymphocyte expansion,
which represents the underlying immune
system alteration of the disease (2-7).
Although cryoglobulin detection and
characterization are necessary for a
correct classification and diagnosis, the
amount of serum cryoglobulins gener-
aly does not correlate with the severi-
ty/activity and prognosis of the disease

@)

Etiopathogenesis of CV

Given the frequent association between
CV and liver involvement a causative
role of hepatotropic viruses in the CV
had long been hypothesized during the
seventies (12-14), when a role of hep-
atitis B virus (HBV) in another system-
ic vasculitis — the polyarteritis nodosa—
had been demonstrated (15). However,
the presence of HBV antigenemia in
patients with CV was seldom recorded
(12-14); thus, HBV can represent an
etiological factor of CV in aminority of
individuals, probably less than 5% (6).

Soon after its identification (16), arole
of hepatitis C virus (HCV) in CV has
been suggested by two preliminary stu-
dies reporting the presence of antibod-
ies against HCV in a significant per-
centage of patients (17, 18). These ini-
tial observations were strongly sup-
ported by a virological study (19) on a
large series of CV patients showing the
presence of HCV viremiain the mgjor-
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ity of cases (86%). The prevaent role
of HCV infection in CV has been defi-
nitely established during the last de-
cade on the basis of epidemiological,
pathological, and laboratory investiga
tions (6, 19-24). In particular, immuno-
histochemical and molecular biology
studies, including HCV RNA detection
by in situ hybridisation in different tar-
get tissues, have reinforced the hypoth-
esis of adirect involvement of HCV in
the immune-complex-mediated vas-
culitic lesions, as well as in the under-
lying lymphoproliferative disorder (21-
24). Being HCV the main triggering
factor of CV the term ‘essentia’ isno
longer appropriate for the majority of
cases (6, 21-24).

HCV has been recognized to be both
hepato- and lymphotropic virus; in par-
ticular, the HCV lymphotropism has
been demonstrated by the detection of
active or latent vira replication in the
peripheral lymphocytes from patients
with type C hepatitis and/or CV (25,
26). Of interest, the infection of lym-
phoid tissue may explain the appear-
ance of a constellation of autoimmune
and lymphoproliferative disorders in
chronically HCV-infected individuals
(6, 22, 25, 26).

HCV-related types Il and Il MC are
comparable with regard their organ in-
volvement and clinical course, with the
exception of their potential evolution to
malignancy (6, 22). Although not defi-
nitely demonstrated, they might repre-
sent two different steps of the same dis-
order (Fig.1): MC type IIl may evolve
to benign linfoproliferative disorder,
the mono- oligoclonal B-cell prolifera-
tion of MC type I, which in some indi-
viduals can be complicated by frank B-
cell non-Hodgkin's lymphoma (NHL),
usually after a long-term follow-up
period (6,22). Circulating mixed cryo-
globulins are frequently detectable in
HCV-infected individuals (50%); where-
as, overt CVdevelopsin only a minori-
ty of cases (5%) (6,27, 28). HCV infec-
tion presents a homogeneous diffusion
worldwide, which contrasts with the
geographical heterogeneity in the pre-
valence of HCV-related CV as well as
other immune system disorders (6). The
involvement of particular HCV geno-
types, environmental and/or host genet-
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ic factors should contribute to the path-
ogenesis of CV; however, the actual role
of the above co-factors remains still to
be demonstrated (6, 22, 29, 30).

The above considerations suggest that
HCV per se might be insufficient to
drive the different autoimmune-lym-
phoproliferative disorders observed in
infected individuals. In addition, HCV
is a positive, single-stranded RNA vi-
rus without a DNA intermediate in its
replicative cycle, so that viral genomic
seguences cannot be integrated into the
host genome. It is supposable that HCV
infection exerts a chronic stimulus to
the immune system, which facilitates
clonal B-lymphocyte expansion (6, 22).
More recent laboratory observations
gave us new interesting insights on the
complex pathogenetic mechanisms of
HCV-related immunological disorders.
Firstly, the presence of t(14; 18)
translocation leading to Bcl-2 activa
tion has been demonstrated in a signifi-
cant percentage of peripheral blood
lymphocytes in HCV-infected individ-
uals, particularly in those with CV in
the setting of type Il mixed cryoglobu-
linemia (31-33). Besides, the identifi-
cation of HCV envelop protein E2 able
to bind CD81 molecule expressed on
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both hepatocytes and B-lymphocytes
(34) could help to clarify the first steps
of HCV-driven autoimmunity (Fig. 1).

The CD8L is acell-surface protein that,
on B-cell, is part of a complex with
CD21, CD19, and Leu 13. This com-
plex reduces the threshold for B-cell
activation by bridging antigen specific
recognition and CD21-mediated com-
plement recognition. The interaction
between HCV-E2 and CD81 might in-
crease the frequency of VDJrearrange-
ment in antigen-reactive B-cedll (Fig.
1). One possible conseguence could be
the above mentioned bcl-2 activation
observed in HCV-related diseases, main-
ly CV (31-33). Bcl-2 proto-oncogeneis
able to inhibit the apoptosis leading to
extended cell survival (35). The conse-
quent B-lymphocyte expansion may be
responsible for the wide autoantibody
production observed in HCV-infected
individuals (6, 22, 27, 28, 36).

Other mechanisms such as molecular
mimicry involving particular HCV
antigens and host autoantigens can be
involved in B lymphocyte activation
and autoantibody production (6). On
the other hand, prolonged B-cell sur-
vival can expose these cells to other
genetic aberrations (6, 37) leading in

some individuals to overt malignant
lymphoma (Fig. 1). HCVexerts awell-
known oncogenic potentia as definite-
ly demonstrated for hepatocellular car-
cinoma; the same virus seems to be
also involved in the lymphomagenesis
and, possibly, in other malignancies
such as thyroid cancer (38, 39).

Very recently, arole of both non-struc-
tural 5A (NS5A) and HCV core pro-
teins in the pathogenesis of HCV -rel at-
ed disorders has been suggested by two
distinct studies (40-41). The HCV
NSBA protein modulates TNF signal-
ing of the host cells, while HCV core
protein has different effects on the
Janus kinase (JAK)-signal transducer
and activator transcription factor
(STAT) pathway under interleukin-6
and interferon-gamma stimuli (40, 41).
If confirmed, these preliminary results
further support the above-mentioned
hypothesis that HCV may be able to
deeply dysregulate the immune system
activity.

Therapeutic strategies of CV

The severity/activity and outcome of
CV largely vary among patients; simi-
larly, the disease behavior is often un-
predictable in a given patient during
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Fig. 1. Different immunophenotypes of mixed cryoglobulinemia: MC type |11 characterized by polyclonal rheumatoid factors and other autoantibodies; MC
type 11-11 with amicroheterogeneous composition (oligoclonal 1gM or amixture of poly-/monoclonal IgM); MC type |1 with amonoclonal component isfre-
quently associated to monotypic lymphoproliferative disorder of undetermined significance (MLDUS); thisis an indolent lymphoproliferative disorder that
can be complicated by malignant B-cell non-Hodgkin’s lymphoma (NHL).
Hepatitis C virus (HCV) envelop protein E2 binds CD81 molecule expressed on B-lymphocytes, the interaction HCV-E2/CD81 may reduce the threshold for
B-cell activation. T(14; 18) translocation leads to the activation of anti-apoptotic protein Bcl-2.
The activation of other oncogenes (c-myc, etc.) should be involved in HCV-driven lymphomagenesis with the possible contribution of unknown genetic and

environmental factors.
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the follow-up (6). Usually, CV shows a
relatively benign clinical coursg; it is
often oligosymptomatic for long time
intervals being characterized by mild
weakness, arthralgias, and periodic
flares of orthostatic purpura. However,
in some patients the quality of life is
particularly poor, especially inthe pres-
ence of paresthesias due to peripheral
sensory neuropathy. In other cases CV
may start with or may be studded by
one or more complications such as ne-
phritic syndrome, sensory-motor peri-
pheral neuropathy, widespread vasculi-
tis, chronic hepatitis with or without
cirrhosis, and/or neoplastic complica
tions (6). The cumulative survival of
MC shows a significantly worse prog-
nosis if compared to the genera popu-
lation (42). In MC patients a possible
evolution of theimmune-mediated vas
cular damage to atherosclerosis should
be taken in account. The atherosclerot-
ic process might also be the result of
other predisposing co-factors. In partic-
ular, the long-term steroid treatment,
frequently administered to MC patients
with moderate-severe clinical course,
as well as the male gender, which is
characterized by significantly worse
prognosis (42).

Overdll, the treatment of CV syndrome

is particularly challenging because of
its complex etiopathogenesis (6). For a
correct therapeutic approach to HCV-
related CVwe must deal with concomi-
tant, conflicting conditions. HCV in-
fection, autoimmune, and lymphoproli-
ferative alterations. Following the path-
ogenetic process leading from HCV
infection to CV(Fig.2) we can treat the
disease at three different levels by
means of etiologic, pathogenetic, and/
or symptomatic therapies. Since HCV
represents the triggering factor of the
disease and probably exerts a chronic
stimulus on the immune system (Fig. 1
and Fig. 2), an attempt at HCV eradica-
tion should be done in al cases of
HCV-associated CV.

In this respect encouraging data came
from some preliminary observations: in
patients with CV repeated bone-mar-
row biopsies, before/after interferon
therapy, showed a regression of indo-
lent lymphoid infiltrates along with
clinical improvement and HCV clear-
ance (43). More recently, it has been
observed that a pha-interferon/ribavirin
combined therapy may induce the
regression of t(14;18) bearing B-cell
clones in HCV-positive patients (44).
These observations suggest that antivi-
ra therapy may improve or treat the
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Fig. 2. Etiopathogenetic process of HCV-related cryoglobulinemic vasculitis and therapeutic interven-
tions. Mixed cryoglobulinaemiais a combination of three main clinico-pathological aterations: chron-
ic HCVinfection, B-lymphocyte proliferation, immune-complex-mediated vasculitis. We can treat the
disease at different levels by means of — etiologic, pathogenetic, and symptomatic — often combined

therapies. LAC-diet: low-antigen-content diet.
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immune-lymphoproliferative disorder
underlying the CV. However, HCVera
dication is usualy obtained in a small
percentage of treated patients, while
the clinical usefulness of antiviral treat-
ment is often transient and not rarely
associated with important immune-
mediated complications (45-51). In
particular, interferon may trigger or
severely worsen the peripheral senso-
ry-motor neuropathy (45,49, 50). Since
there are no predictive parameters
availablefor this harmful complication,
interferon therapy should be avoided at
least in those patients with clinically
evident peripheral neuropathy.

Other important manifestations observ-
able during apha-interferon in patients
with type C hepatitis and/or CV are
rheumatoid-like polyarthritis, thyroid
disorders, and erectile dysfunction (6,
52-54). It is supposable that in predis-
posed subjects, alpha-interferon, both
an antiviral and immunomodulating
agent, can trigger or exacerbate some
pre-existing, often subclinical, symp-
toms (48-54). On the whole, the useful-
ness of alpha-interferon treatment in
CVislimited by the low rate of respon-
ders and frequent side effects. Possibly
the association of interferon and riba
virin might achieve the eradication of
HCV infection in a rather significant
number of treated subjects, as recently
demonstrated in patients with type C
chronic hepatitis and/or CV(55-57). Con-
trolled clinical trials are necessary to
definitely evaluate the usefulness of this
antiviral therapy in HCV-related CV.
Hopefully, a vaccine against HCV may
become available in the near future. One
possible strategy isto interfere with the
binding between HCV envelope pro-
tein E2 and CD81 on both hepatocytes
and lymphocytes (58). In HCV-infect-
ed individuals a vaccine-based therapy
with recombinant HCV proteins (36,
58) could be able to prevent the evolu-
tion from HCV infection to both hepat-
ic and extra-hepatic complications, in-
cluding CV, and could possibly inter-
rupt the self-perpetuating autoimmune
mechanism of this disease.
Corticosteroids aone or in association
with immunosuppressors may repre-
sent the first-line intervention in the
few cases of ‘essentia’ CV. While in
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HCV-related CV an attempt with the
above treatments should be considered
particularly in those patients who have
failed to respond to apha-interferon, or
when this drug is contraindicated. An
immunosuppressive treatment with cy-
clophosphamide often in association
with steroids, and/or plasma exchange
may be able to treat some severe MC
complications such as nephropathy,
sensory-motor neuropathy, or wide-
spread vasculitis (2,6,59,60). Both tra-
ditional and double-filtration plasma
exchange are able to achieve a dramat-
ic reduction of circulating immune-
complex levels, including the cryoglo-
bulins, as well as the viral loading (6,
61). The beneficial effect of such
‘symptomatic’ treatment can be rein-
forced by means of oral cyclophospha-
mide during the slow tapering and after
the discontinuation of apheretic ses-
sions (50-100 mg/day for 4-8 weeks).
In particular, the immunosuppressor can
prevent the rebound phenomena that
may be observed after the apheresis
discontinuation. Plasma exchange is
useful in CV patients with severe man-
ifestations, particularly on active cryo-
globulinemic nephropathy (59, 60).
Low-antigen-content diet (LAC-diet)
has been employed in some immune-
complex-mediated disorders, namely
CV and IgA-nephropathy (62, 63). In
CV patients, this particular dietetic
treatment can improve the serum clear-
ance of immune-complexes by restor-
ing the activity of the reticulo-endothe-
lia system, overloaded by large amounts
of circulating cryoglobulins (62). Low
dosage of steroids and/or LAC-diet
may be sufficient to improve mild-
moderate manifestations of CV, i.e
purpura, arthralgias, peripheral sensory
neuropathy, and etc. (6).

More recently, a pathogenetic treat-
ment with rituximab, amonoclonal chi-
meric antibody that binds to the B-cell
surface antigen CD20, has been pro-
posed in HCV -positive CV patients (64,
65). After the selective B-cell blockade
a clinico-serological improvement of
CV was observed; of interest, it has
been noticed that serum HCV RNA in-
creased approximately twice the base-
line levels in the responders (65). The
long-term efficacy and safety of ritux-
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Fig. 3. Therapeutic strategies of HCV-related cryoglobulinemic vasculitis.
Purp.: purpura; weak.: weakness; arthr.: arthralgias; CS: corticosteroids; LAC-diet: low-antigen-con-
tent-diet; peg-1FN: pegylated interferon; Riba: ribavirin; GN: glomerulonephritis; P.E.: plasma

exchange; CFX: cyclophosphamide.

imab need to be investigated by con-
trolled clinical trials. Usually, the treat-
ment with cytotoxic drugs (cyclophos-
phamide) seems do not affect the pro-
gression of HCV infection and, in par-
ticular, the liver involvement. Howev-
er, the impact of rituximab on HCV
viremia (65), if confirmed, suggests the
possible use of combined therapy with
immunosuppressor and antiviral agents.

On the whole, the treatment of CV
should be tailored for the single patient
according to the severity of clinica
symptoms (Fig.3). During the asymp-
tomatic phases of the disease patients
usually do not need any treatment, even
in the presence of high levels of cry-
ocrit. While mild-moderate symptoms,
such as palpable purpura, are particu-
larly sensitive to the smallest variations
of daily steroid dosage (1-2 mg). Peg-
interferon/ribavirin may represent the
choice treatment in patients with mod-
erate-severe CV manifestations, espe-
cialy in those with active hepatitis. On
the contrary, severe, life-threatening
vasculitic manifestations must be
promptly treated with a combined ther-
apy based on plasma exchange, high
doses of steroids, and/or immunosup-
pressors (Fig. 3). A careful clinical
monitoring of the disease is mandatory
in al cases, with particular attention to
neoplastic complications.
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