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Mixed cryoglobulinemia (MC) type Il is a disorder
characterized by circulating cold-precipitable immune
complexes composed of polyclonal immunoglobulin
1gG and monoclonal IgM rheumatoid factor (RF). The
systemic vasculitis which characterizes the disease
is caused by the deposition of immune complexes on
the walls of small vessels, and by the subsequent
activation of the complement cascade. MC may be
asymptomatic or lead to clinical manifestations
characterized by a typical triad—purpura, arthralgia,
and weakness—and in some cases by a more serious
vasculitis with neurologic and renal involvement. In the

associated with hepatitis C virus (HCV) infection,
which is considered the triggering factor of the
disease. The association between cryoglobulinemia
and HCV infection, and the possible evolution to B-cell
lymphomas usually after long-term follow-up, suggest
the role of HCV infection both in the pathogenesis of
MC and in lymphomagenesis. In fact, the virus chroni-
cally stimulates the polyclonal proliferation of B cells
from which a monoclonal population may emerge. This
paper also reviews the treatment strategies for MC
syndrome, emphasizing the issue of the eradication of
HCYV, and the clinical and biological activity of ritux-

vast majority (more than 90%) of patients, MC is imab for selective B-cell control.

Cryoglobulinemia: Definition and Classification cryoglobulinemia (30% to 40% of patients with cryoglo-
The term cryoglobulinemia refers to the presence in thmilinemia) is characterized by a combination of polyclonal
serum of single or mixed immunoglobulins (lg), which preimmunoglobulins. Mixed cryoglobulinemia types Il and
cipitate at temperature below 37°C and redissolve at highdr can be associated with different infectious, immuno-
temperatures. This in vitro phenomenon can be observiegiical and neoplastic diseases. Using more sensitive meth-
in a wide spectrum of hematologic, infectious, and immunads (immunoblotting, two-dimensional polyacrylamide gel
rheumatologic disordefs. Cryoglobulins are classified electrophoresis), another serological type of MC, the
into three subgroups according to their immunochemicaligoclonal or microheterogeneous type, has been charac-
composition: terized. Oligoclonal cryoglobulinemia is defined by more
Typel cryoglobulinemia is composed of a single mono-than two heterogeneous bands of heavy chains (oligoclonal
clonal lg, usually IgM. Type | cryoglobulinemia accountdgMs or a mixture of polyclonal and monoclonal IgMs).
for 10% to 15% of people with cryoglobulinemia. It isThe oligoclonal type seems to be an intermediate stage in
mainly found in patients with lymphoproliferative disor-the course of type Il evolving to type Il MC. In fact, during
ders (immunocytoma/Waldenstrom macroglobulinemiahronic active HCV infection MC may change its immu-
multiple myeloma). Monoclonal cryoglobulinemia is fre-nochemical type: type Il MC is more stable over time than
guently asymptomatic. When present, clinical manifestaype Ill and oligoclonat.
tions derive from hemorheologic disturbances and include The clinical syndrome of MC is characterized by a
acrocyanosis, Raynaud phenomena and gangrene. systemic vasculitis involving mostly small, but sometimes
Typell and Typelll cryoglobulinemia (mixed cryoglo- larger vessels, which are damaged by the deposition of
bulinemia, MC) are immune complexes composed dafnmune complexes on their walls with activation of the
polyclonal IgGs and mono- or polyclonal IgMs, respeceomplement cascadé?
tively. The cryoprecipitating property results from the re-
duced solubility of the IgM-IgG immune complex. Type |l Detection, isolation and immunochemical
mixed cryoglobulinemia accounts for 50% to 60% of patyping of cryoglobulinemia
tients with cryoglobulins. The monoclonal IgMs almosBlood samples are stored at 37°C until complete clotting
always contain kappa light chains and represent autoardccurs and are then centrifuged. The serum is kept at 4°C
bodies with rheumatoid factor (RF) activity. Most IgMsfor 7 days. If a cryoprecipitate is visible, the sample is cen-
react with both intact IgG and the F(gliragment, as well trifuged at 4°C for 15 minutes to measure a cryocrit. Cryo-
as with the Efragment of autologous IgG. Type Il mixed globulins are purified by washing at 4°C and characterized
using immunofixation electrophoresis.

Epidemiology and Clinical Features of

Mixed Type Il Cryoglobulinemia

Since 1990 a strong association between hepatitis C virus
(HCV) and MC has been demonstrated. Prior to the discov-
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ery of HCV, MC without an apparent underlying diseas€utaneous symptoms

was defined as “essential MC.” The prevalence of HC®rthostatic purpura is the most common clinical manifes-

infection in MC patients varies geographically, with highation (90% of cases). The vasculitic lesions of the skin,

values (over 90%) in the Mediterranean &fédC is found usually beginning in the legs, may be complicated by ul-

in 30% to 50% of patients with chronic HCV infection,cers in 10% of patients at diagnosis. Hyperpigmentation of

with only 10% to 15% of them developing clinical sympthe skin of the legs after repeated episodes of purpura is

toms of MC. A causative role of hepatitis B virus (HBV) intypical. Symptoms related to Raynaud phenomenon, with

MC was found in less than 5% of patiehfBhe overall or without digital gangrene, are observed in about one third

prevalence of MC is not yet defined by adequate epidef patients. Diffuse vasculitis is a rare clinical manifesta-

miologic studies. It is probably underestimated due to réion defined as widespread vasculitic involvement of the

ferral of patients to different specialists according to thekin and of 2 or more visceral organs (kidney, gut, lung,

dominant manifestation of the disease. The Italian Growgntral nervous system).

for the Study of Cryoglobulinemia has proposed serologi-

cal, pathological, and clinical criteria for the diagnosis oRheumatologic manifestations

MC patients Table 1).2* MC patients commonly report polyarthralgias. Myalgias
The main clinical features of MC are purpuramay also occur, whereas clinical signs of arthritis are rela-

arthralgias, weakness (the typical clinical triad reported Wively rare.

the majority of patients at diagnosis), liver involvement,

renal involvement, peripheral neuropathy and widesprederipheral neuropathy

vasculitis. The vasculitic lesions of the skin and of othdPeripheral neuropathy is defined as sensory and/or motor

organs are the consequence of vascular deposition of g@eripheral nerve disturbances, which are confirmed by

culating immune complexes and complement. There &ectrophysiologic study. Vasculitis of vasa nervorum has

generally no relationship between the severity of vasculitieeen proposed as the pathogenetic mechanism, as well as

manifestations and the serum levels of cryoglobulins alirect autoimmune nerve damage. The incidence of neur-

complement. Patients with type Il MC may develop a maspathy, especially involving the legs with painful pares-

lignant B-cell lymphoproliferative disordéf.” It usually thesias and muscle weakness, may exceed 60%. The clini-

occurs several years following diagnosis. In a series of 28al course is progressive (despite lack of progression of

MC patients, 20 developed B-cell lymphoma after a meaviC) and is not benefited by the addition of interferon to

time of 8.8 years of follow upThe disease may also besteroid treatmeritCentral nervous system (CNS) involve-

complicated, although less frequently, by hepatocellulanent in patients with HCV-positive MC is rare. However,

carcinoma or thyroid cancer. the high frequency of impaired cognitive function and the
In 50% of patients the MC syndrome behaves asextent of magnetic resonance imaging (MRI) brain abnor-

slowly progressive disorder. One third of patients show raalities observed in these patients suggest a specific in-

moderate to severe clinical course with prognosis adversélgmmatory CNS involvement in ME.

affected by renal or liver failure. Advanced age, male sex

and renal involvement are reported as the most importaliver involvement

factors negatively affecting survival. As HCV infection is detected in a large proportion of MC

patients, liver damage is common in these patients. In fact,
over 50% of patients show signs of mild to moderate chronic

Table 1. Proposed criteria for the diagnosis and classification of patients with mixed cryoglobulinemia. 4

Criteria Serologic Pathologic Clinical

Major Mixed cryoglobulins Leukocytoclastic vasculitis Purpura
Low C4

Minor Rheumatoid factor Clonal B-cell infiltrates Chronic hepatitis, MPGN, peripheral
HCV*, HBV* (liver and/or bone marrow) neuropathy, skin ulcers

“Definite” Mixed Cryoglobulinemia Syndrome
1) serum mixed cryoglobulins (+ low C4) + purpura + leukocytoclastic vasculitis
2) serum mixed cryoglobulins (+ low C4) + 2 minor clinical symptoms + 2 minor serological/pathologic findings

“Essential” or “secondary” Mixed Cryoglobulinemia:
Absence or presence of well-known disorders (infectious, immunologic, or neoplastic)

Abbreviations: HCV, hepatitis C virus; HBV, hepatitis B virus; HCV*, HBV*, markers of HCV or HBV infection (anti-HCV + HCV RNA;
HBV DNA or HBsAg); MPGN, membranoproliferative glomerulonephritis
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hepatitis at diagnosis. Liver involvement is characterizepheral neuropathy and NHL. In fact, the virus is able to
by abnormally increased liver enzymes with or withouéscape immune elimination, leading to chronic infection,
echographic or histological features of chronic hepatitigccumulation of circulating immune complexes, and au-
cirrhosis, or hepatocellular carcinoma. Late evolution intmimmune phenomena. Furthermore, HCV stimulates the
overt cirrhosis occurs in 25% of cases. A highly statistproduction of monoclonal RF.The production of IgM RF
cally significant association between cirrhosis and cryonolecules is the most important event for the emergence of
globulinemia has been observed. Cryoglobulins are a progyoprecipitable immune complexes. RFs in nhormal con-
nostic indicator for increased risk of cirrhosis in patientditions are molecules involved in the presentation of anti-

with chronic hepatitis & gen to T cells within an immune complex. A postulated
hypothesis for the pathogenesis of HCV-related MC is that
Renal involvement HCV initially stimulates the production of IgM without

Renal involvement is clinically evident in 20% to 30% oRF activity; the persistent antigenic stimulation may in-
patients with MC and is a major cause of morbidityduce somatic mutations causing the acquisition of RF ac-
Cryoglobulinemic nephropathy is now considered a digivity. HCV shows a cellular affinity for lymphocytes. In-
tinct clinicopathologic entity. The distinctive features areteraction between the virus and lymphocytes may occur
proteinuria, increased serum creatinine, progressive reltough the viral envelope protein E2, which binds human
failure, and membranoproliferative glomerulonephritisCD81 expressed on both hepatocytes and lymphocytes.
(MPGN) on renal biopsy. MPGN is the predominant type dfhe interaction between HCV and lymphocytes directly
glomerulonephritis caused by HCV infection in the presaffects B-cell function and may induce polyclonal activa-

ence or absence of cryoglobulinertiia. tion and expansion of peripheral CD&lls!? These cells
are considered the major source of IgM RF in type Il cryo-
Sicca syndrome globulinemia. However, monoclonal RF may be the result

Sicca syndrome is quite frequent at diagnosis of MC paf the evolution from polyclonal to oligoclonal to mono-
tients (30%). In most instances the typical serologic ardonal RF, or may develop de no¥é? Following the ini-
histopathologic findings of Sjogren syndrome are lackingdial activation, the emergence of a single dominant clone
Sicca syndrome is more frequently reported in type Il thgoroducing a monoclonal IgM RF may be an evolutionary

in type 1l cryoglobulinemia. step towards type Il mixed cryoglobulinemia. In the pro-
posed model, the immune complexes contain HCV core
B-cell lymphoproliferative disorders proteins plus specific anticore 1gG, which are bound to

Lymphoproliferative malignancies are the most prevalengM with activity of RF. This large complex binds specifi-
neoplasms occurring in MC during the course of the digally to the endothelial cells through the C1q receptor.
ease. In fact, 5% to 10% of MC patients develop symptoms
and histologic features of non-Hodgkin lymphomadCV and Lymphomagenesis
(NHL).*%7 According to the REAL/WHO classification, the The frequent association of MC with HCV infection, sys-
most frequent histologic subtypes observed are: lymphtemic autoimmune disorders (autoimmune hepatitis, sicca
plasmacytic (29%), diffuse large B-cell (27%), follicularsyndrome, glomerulonephritis, thyroiditis), as well as the
(16%), marginal zone (10%) and mantle cell (7%) lymphagaossible evolution of all of these into a B-cell malignancy,
mas® These lymphomas are characterized by a high prev&iggests a close link between viral infection, autoimmu-
lence of extranodal involvement, especially liver and maity, and lymphoproliferatiog®**HCV may initiate a
jor salivary glands. HCV-infected cells in these organs manyultistep process of lymphomagenesis but additional fac-
act as a reservoir stimulating B-cell proliferatfdn.our tors (genetic, epigenetic, environmental, immunological)
series of 75 patients with HCV-related MC followed for aare probably necessary for malignant clonal expansion.
median of 62 months (12-163), 5 patients (6.6%) showddICV infection may exert an inhibitory effect on B-cell
malignant evolution: 4 to lymphoplasmacytic lymphomapoptosis through bcl-2 overexpression. In fact, a preva-
and 1 to chronic lymphocytic leukenia. lence of bcl-2 rearrangement and of t(14;18) translocation
Another rare clinical manifestation of MC is the hyperhas been found in patients with HCV-related MC with or
viscosity syndrome, caused by high levels of cryoglobulinsvithout B-cell lymphoma$:The regression of established
lymphoma observed in patients with HCV-driven MC after
The Role of HCV in the Pathogenesis of antiviral treatment likely reflects the dependence of the
Mixed Cryoglobulinemia disease process on stimulation by the vifus.
HCYV infection affects crucial mechanisms of the immune
system predisposing to autoimmune and lymphoprolifeManagement of Mixed Cryoglobulinemia
ative disorders. HCV type Il cryoglobulinemia is the majofl he targets of treatment in HCV-related mixed cryoglobu-
extrahepatic manifestation of HCV infection. The otherBnemia are the HCV infection and the autoimmune disor-
include: membranoproliferative glomerulonephritis, siccaer. Given the documented association with HCV and its
syndrome, rheumatoid arthritis, inflammatory arthritis, perole in the pathogenesis of MC and in lymphomagenesis,
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the treatment should be directed at interrupting the pathaad cryocrit levels; 4) clinical response; i.e., the effect on
genic sequence leading to the vasculitis-related damadgjee clinical manifestations of the disease. The use of IFN in
As a consequence, sustained HCV clearance should bepattients with MC is limited by its transient efficacy and by
tempted in patients with chronic HCV infection and type Ithe peculiar side effects of this agent (depression, thyroid-
MC to ameliorate symptoms and to prevent the complicétis, and neuropathy). In patients with clinically evident
tions of chronic liver disease and the evolution towargderipheral neuropathy, nephropathy, or skin ulcers, IFN may
malignant lymphoproliferative disorders. aggravate these manifestatidns.

While no initial treatment is required in asymptomatic ~ Antiviral treatment proved effective in splenic lym-
MC, in symptomatic disease the therapeutic approaghoma with villous lymphocytes associated with HCV in-
should be adapted to the individual patient according fection and mixed cryoglobulinemia, resulting in the clear-
the intensity of clinical symptomdsT@ble 2). In patients ance of HCV-RNA, remission of lymphoma, and regression
with mild to moderate cryoglobulinemic symptoms (puref clinical manifestations of M&These results represent
pura, arthralgias, peripheral sensory neuropathy) first-liree strong argument in favor of the etiologic link between
immunosuppression usually consists of low-dose steroiddCV infection, MC, and lymphoma. Interestingly, among
Patients with severe manifestations of MC (cryoglobulinB-cell NHL, splenic marginal zone lymphoma shows a par-
emic nephropathy, skin ulcers, sensory motor neuropathigularly high incidence (35%) of HCV infectidhThree
widespread vasculitis) should promptly receive high-dosseries have recently reported that antiviral treatment with
steroids with or without cyclophosphamide. Removal ofFN +/- ribavirin is effective in HCV-associated indolent
circulating immune complexes by plasma exchange mayd marginal zone lymphoma, most with cryoglobuline-
be useful, particularly in active cryoglobulinemic nephmia?®22|n these studies, where the majority of patients had
ropathy?*’ splenic lymphoma with villous lymphocytes, most patients

Because of the etiologic role of HCV in most MC paachieved a sustained response of lymphoma with regres-
tients, HCV eradication is the main target of treatment. Bsion of symptoms of MC after clearance of HCV RNMA.
analogy with the management of chronic HCV hepatitiomplete remission with IFN + ribavirin has been also re-
interferon (IFN)e, either alone or with ribavirin, representsported in a patient with HCV-associated mantle cell NHL
standard treatment for HCV-associated MC. Several reportssistant to chemotherapy and rituxiniab.
have shown that IFN produces significant clinical improve- A selective control of the B-cell clone has been at-
ment in 40% to 70% of MC patients and that its efficacy iempted in MC using the anti-CD 20 monoclonal antibody
closely associated with inhibition of HCV replication. Inrituximab. This agent, successfully employed in B-cell lym-
responsive patients, reduction of HCV-RNA usually hemphomas and other chronic lymphoproliferative diseases,
alds the decline of the cryocrit. In a recent study by Mazzahas shown activity in other autoimmune disorders.
et al on 18 patients with HCV-related MC treated witlRituximab at the standard dose of 375 nfgraekly for 4
pegylated IFN plus ribavirin for 48 week$CV-RNA be-  weeks was effective and well tolerated, resulting in a sig-
came undetectable in 15 patients (83%) and most hadificant and rapid improvement of clinical signs (purpura,
clinical improvement. Virological, clinical and biochemi- arthralgia, peripheral neuropathy) and a decline of cryocrit
cal response was sustained in 44% of pati€fiteese au- in most patients with MC, including patients resistant to
thors also set criteria to define the type of response (coffN.24%A remission of the underlying malignant lympho-
plete, partial, no response) of MC patients to the antiviraroliferative disorder was obtainétRituximab proved to
approach in terms of: 1) viral response, i.e., the effect de safe and effective treatment for cryoglobulinemic neph-
HCV-RNA; 2) biochemical response; i.e., the effect on liveropathy?” Complete clinical remission was associated with
function tests; 3) immune response; i.e., the effect on RFsignificant reduction of RF activity and anti-HCV anti-

body titers. Although an increase of viremia was observed

in responders, no significant variation of transaminases or
Table 2. Main therapeutic options for symptomatic deterioration of liver disease was notedhe addition of
patients with mixed, hepatitis C virus (HCV)-related, pegylated IFN and ribavirin after anti-CD20 treatment has
cryoglobulinemia. been proposed to eliminate HCV while maintaining the
remission obtained with rituxima®.The first dose of

Category Activity . . . ; : -
Corticostorod Ann] rituximab may induce a transient rise of the cryobulin level
orticosteroids nti-inflammatory, . . .

(low-, high-dose) immunosuppressive that does not indicate resistance to treatrffent.

Cyclophosphamide Immunosuppressive Conclusion

Plasma-exchange Removal of circulating immune In conclusion, important advances have been obtained in
complexes the understanding of the epidemiology, etiology, and patho-

Interferon + Ribavirin Antiviral (HCV eradication) genesis of mixed type Il cryoglobulinemia. The recogni-

Anti-CD20 antibody Selective suppression of tion of the major role played by HCV infection as a trigger

(rituximab) B-cell clone and maintenance factor of the disease has allowed effec-
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tive antiviral treatment for this condition. The demonstral3
tion of the underlying B-cell clonal expansion in MC and
the possible evolution into a B-cell lymphoma as a result

of prolonged HCV stimulation represents a biological bata.

sis for innovative approaches with anti-CD20 monoclonal
antibodies. Several biological aspects, however, remain t
be clarified. Regarding treatment, the appropriate indica-
tion for antiviral and antilymphoma agents, as well as the
best modality for their integration, need to be defined in
future studies.
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