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Abstract
Type II mixed cryoglobulinemia without evidence of HCV infection but rather with renal involvement has been occasion-
ally described. The pathogenesis of cryoglobulinemic kidney disease is most likely related to immune complex deposition 
including cryoglobulins, and cryoaggregation after cold exposure could play a pivotal role in clinical expression of cryo-
globulinemia. In these cases, acute kidney injury and proteinuria remain the most frequent clinical expression of a cryo-
globulinemic glomerulonephritis. Type II cryoglobulinemia with the laboratory finding of both monoclonal and polyclonal 
cryoglobulins is the most prevalent bio-humoral pattern among HCV-negative phenotypes with renal involvement, while 
type III cryoglobulinemia with polyclonal Ig is rare. Histological data in renal biopsies support the hypothesis that regard-
less of the HCV status cryoglobulinemia vasculitis share the same frequent pathological finding of membranoproliferative 
glomerulonephritides, but other histological patterns have also been observed in a minority of cases. In HCV-negative mixed 
cryoglobulinaemia, the paraneoplastic origin of the immune dysfunction should be ruled out and sporadic cases have been 
reported, while there is no cumulative evidence on the prevalence of these tumour-associated manifestations. Moving from 
the classification criteria and the etiopathogenesis of mixed cryoglobulinaemia, we provide a comprehensive review of the 
literature on the appearance of the disease with kidney injury in association with malignancies or autoimmune disorders 
without HCV coexistence.

Keywords  HCV-negative mixed cryoglobulinaemia · HCV-negative cryoglobulinemic glomerulonephritis · Type II 
cryoglobulinaemia · Mixed cryoglobulinaemia · Membranoproliferative glomerulonephritis

Introduction

Cryoglobulinemia is an immunological disorder defined 
by the presence of serum cryoglobulins, which are immu-
noglobulins soluble at 37 °C and precipitating at lower 
temperatures and the presence of small-to-medium vessel 
vasculitis [1]. Usually, cryoglobulins show a characteristic 
pattern, as they undergo reversible precipitation if exposed 
to temperature below 37 °C and re-dissolve as re-warming 
is applied [2].

In 1974, Brouet et al. [3] proposed a classification of 
cryoglobulinemia into three patterns which correlated the 
immunochemical characteristics of cryoglobulinemias with 
clinical features of patients, as illustrated in Table 1. Type 
I cryoglobulinemia accounts for almost 10–15% of cases 
and include monoclonal immunoglobulins (Igs), mostly 
IgM, but also IgG (G1 and G2) or rarely IgA, with the lat-
ter being usually due to a lymphoproliferative process and 
almost exclusively found in the context of malignancies, 
such as multiple myeloma and Waldenström macroglobu-
linemia. Type I cryoglobulinemia manifests with the clini-
cal signs typical of the underlying lymphoproliferative 
disease, with cryoglobulinemia being often a serendipitous 
encounter; nevertheless, vascular occlusion in association 
with hyperviscosity syndrome and purpuric/dystrophic 
lesions of the skin (usually affecting the lower limbs) is not 
uncommon. Type II and type III cryoglobulinemias account 
for 50–60% and 25–30% of all cases, respectively, and are 
usually referred to as mixed cryoglobulinemias, because a 
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chemical bond between different cryoglobulins is involved 
[4]. In fact, type II cryoglobulinemias exhibit monoclonal 
and polyclonal Igs pattern, while type III only polyclonal 
Igs. Classically, in mixed cryoglobulinemia, the precipita-
tion phenomenon is due to interactions occurring between 
involved Igs rather than to specific characteristics of single 
Igs themselves [5]. Type II mixed cryoglobulinemia is a rare 
disease characterized by the presence of a blend of poly-
clonal IgG in association with a monoclonal Ig, typically 
IgM or IgA. The IgM component of type II cryoglobuline-
mia usually shows rheumatoid factor (RF) activity. Type III 
cryoglobulinemia comprises immune complexes contain-
ing polyclonal rheumatoid factor (RF), but without a mon-
oclonal component, and usually includes complexes such 
as IgM–IgG, IgM–IgG–IgA or IgG–IgA–FLCs (free light 
chains). The improvement in laboratoristic analysis such 
as immunofixation, immunoblotting, and two-dimensional 
polyacrylamide gel electrophoresis has raised the diagnostic 
sensitivity and specificity for Igs identification in patients 
affected by mixed cryoglobulinemia [6]. According to these 
developments, cryoglobulinemia microheterogeneity has 
been recognized and pointed out as an innovative taxonomic 
element that consists in the presence of two or more oligo-
clonal bands in mixed cryoglobulinemia [7, 8]. This condi-
tion is considered as an intermediate stage between type II 
and type III cryoglobulinemia, explaining the potential link 
between the two conditions [8].

Interestingly, in 1997, a novel immunochemical profile 
was described. It was observed in a patient affected by Goug-
erot–Sjogren syndrome, which consisted of a biclonal IgM 
component and a polyclonal IgG [9]. The authors, there-
fore, suggested a further classification of the type II group 
of cryoglobulinemia into the following two subgroups: type 
IIa, characterized by the presence of only one monoclonal 
component and type IIb, characterized by the presence of 
several monoclonal components. Thus, these pointed out 
subtypes of mixed cryoglobulinemia may be included in a 
wide range between II and III types.

Until 1991, the majority of cases of mixed cryoglobu-
linemia were considered essential, when several evidences 
reported that mixed cryoglobulinaemia was associated with 
chronic hepatitis C virus (HCV) infection [10, 11]. Nowa-
days, HCV infection is the putative agent of nearly 90% of 
cases, and the contribution of genetic and environmental fac-
tors remains unsolved [12]. HCV has been also considered a 
risk factor even for the possible switch to an immunological 
type from another one, such as from type III to type II cryo-
globulinemia [13, 14].

Nonetheless, in up to 10% of cryoglobulinemia cases 
there is no sign of ongoing (with negative viremia) or 
previous exposure (serum antibodies) to HCV, with these 
cases being generally associated with a severe course and 
suboptimal response to conventional therapies [15]. In Ta
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approximately 5% of patients, connective tissue diseases 
(primarily systemic lupus erythematous, Sjögren’s syn-
drome, and systemic sclerosis) or lymphoproliferative dis-
orders (in most cases B cell non-Hodgkin lymphoma) are 
diagnosed [13, 16]. Cumulatively, cryoglobulinemia with-
out an associated and recognizable disease or viral infec-
tion is coined essential mixed cryoglobulinemia (EMC) and 
accounts for 5% of cases [17] and has been reported mostly 
in areas where the overall HCV prevalence is almost negli-
gible, such as Northern Europe [17].

The physiological basis of cryoprecipitation

The biochemical basis of cold insolubility remains incom-
pletely understood and maybe not similar in monoclonal and 
mixed cryoglobulinemia. The solubility of proteins depends 
upon concentration, hydrophobicity, size and surface charge, 
as well as the solution temperature, pH and ionic strength 
[18]. The net charge depends on the hydrophobic amino 
acids, decreased tyrosine and sialic acid residues in the car-
bohydrate content. Abnormal Igs exhibit reduced concentra-
tions of sialic acid and galactose in the Fc region, and this 
may lead to decreased solubility in cold. The aggregation is 
often the result of electrostatic interactions, which in turn 
depend on the structural characteristics of cryoglobuline-
mia, as an altered glycosylation with reduction in sialic acid 
content [19]. According to this point, Levo assumed that the 
existence of an impoverishment of sialic acid would make 
immunogenic Igs favouring cryoprecipitation, especially 
during persistence and intense immune stimulation [20]. 
This stimulation would lead to the manifestation of a secre-
tory defect with production of Ig without sialic acid. The 
absence of sialic acid in the structure of Ig could generate 
an immune response to the epitope exposure before being 
masked; the immune complex thus formed would acquire 
the capacity to precipitate. Furthermore, the author extended 
his theory by assuming that the liver injury due to cryoglo-
bulins deposits may promote the permanence of Igs with 
reduced sialic acid by affecting the capacity of hepatocytes 
to remove them.

Differently, cryoprecipitation in type I cryoglobulinemia 
recognizes other reasons behind the interaction between cry-
oglobulins and solvent at low temperatures [21]. In detail, 
cryoprecipitation in monoclonal cryoglobulins appears to 
be characterized by particular amino acid sequences that 
may create a structural change at the level of the quater-
nary structure of the protein, causing a pathological autoag-
gregation. This phenomenon starts with a slow phase (lag 
phase) and the formation of small aggregates of monoclonal 
Igs followed by rapid and extensive aggregation, due to a 
combination of weak nonionic and hydrophobic interactions 
which culminate in the precipitation [22]. A study of IgG 

cryoglobulinemia structure showed that it can produce amor-
phous, gelatinous and or crystalline precipitates [23]. Most 
of the factors that influence the cryoprecipitation of mono-
clonal cryoglobulinemia are also present in mixed forms, 
in which, however, the lag phase is typical missing. In fact, 
mixed cryoglobulinemia precipitation is the consequence of 
the rapid and progressive increase in the size of IgG–IgM 
immune complexes at low temperatures in the absence of lag 
phase. Mixed cryoglobulinemias also show typical biologi-
cal properties of immune complexes, such as the ability to 
activate complement [24].

HCV‑negative cryoglobulinemia: 
epidemiology and etiology

Renal involvement has been reported in 30–40% of patients 
with mixed cryoglobulinemia, regardless of HCV status. In 
HCV-negative cases, autoimmune disorders, particularly pri-
mary Sjögren’s syndrome, and hematologic malignancies, 
such as lymphoproliferative diseases, represent more than 
one quarter of cases each, whereas almost half of patients 
are classified as EMC [12, 25], while the prevalence cases 
associated with solid tumors is still unknown [26].

In the largest database of HCV-negative cryoglobulinae-
mia, the CryoVas Survey, that included 242 patients [27] the 
most common pattern described was type II mixed cryoglo-
bulinaemia in 84% of patients. In this survey, 48% of cases 
were defined “essential” because no putative causal agent 
was recognized, 30% of cases were related to connective tis-
sue disorders, mostly to primary Sjogren syndrome, and 22% 
were related to different grade of B-non-Hodgkin lympho-
mas. At the univariate analysis male gender, age > 65 years, 
the presence of renal involvement, GFR < 60 ml/min, hema-
turia, proteinuria > 1 g/die, lung and gastrointestinal involve-
ment were associated to a worse prognosis. However, the 
survival rates at 5 and 10 years did not differ significantly 
from those in patients with HCV-related cryoglobulinaemia: 
79% and 65%, respectively, p 0.70. In multivariate analysis 
using Cox proportional HR model only age > 65 years, male 
gender, GFR < 60 ml/min, lung and gastrointestinal involve-
ment remained significantly independently associated with 
mortality at 5 years. According to the result of the multi-
variate analysis, the authors proposed a CryoVas prognostic 
score using the previous variables and reported a positive 
relation with death both in 1 and 5 years. Of note, the causes 
of HCV-negative cryoglobulinaemia did not affect signifi-
cantly the survival and this result should be considered in 
the decision-making process of therapeutical strategies such 
as chemiotherapy and/or B cell depletion therapy agents. 
Recently, Galli et al. [28] performed a prospective obser-
vational multicentric study of 175 cases of HCV-negative 
cryoglobulinaemic vasculitis. The related conditions were 
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primary Sjogren’s sindrome (21.1%), systemic erythema-
tosus lupus (10.9%), other autoimmune disorders (10.9%), 
lymphoproliferative diseases (6.8%), solid tumors (2.3%) 
and HBsAg positivity (8.6%), whereas 69 patients (39.4%) 
had essential mixed cryoglobulinaemia. Type II mixed cryo-
globulinaemia was diagnosed in 54.9% of cases, while type 
III in 45.1%. Older age, male gender, Type II mixed cryoglo-
bulinaemia and HbsAg were independently associated with 
greater mortality at Cox multivariate analysis. According to 
Terrier’s evidence, also Galli et al. reported similar survival 
rates and in both studies older age and male gender were 
related to worse prognosis. It is worth to report that four 
patients of cases were associated with solid tumors: two fol-
licular thyroid carcinomas, one lung cancer and one liver 
HBV-related cancer, respectively. All these patients showed 
mixed cryoglobulinemia (50% type II and 50% type III), and 
two of these patients exhibited renal abnormalities proteinu-
ria and serum creatinine ≥ 1.5 mg/dl.

The patient affected by the liver cancer was HBC-Ab pos-
itive and this result suggested the hypothesis of a potential 
role of HBV occult infection as a trigger for mixed cryoglo-
bulinemia. In this setting, HBV may promote mixed CG by 
protracting the antigenic stimulation of VH1-69-expressing 
B-cells [29].

Further, Rullier et al. [30] provided a single-center inven-
tory of cryoglobulinemia-associated solid cancers in their 
Internal Medicine Unit across a ten-year interval. The study 
included nine patients with HCV-related hepatocellular 
carcinoma and only 2 HCV-negative cases, chronologi-
cally compatible with a paraneoplastic phenomenon; these 
patients included a woman with treated breast cancer and 
type III cryoglobulinemia and a man with metastatic bladder 
and lung cancer with unknown etiology and undefined cryo-
globulinemia. An additional case of HCV-negative cryoglo-
bulinemia in association with solid cancer was reported in 
a Caucasian patient [31] with gastric adenocarcinoma and 
immunoelectrophoresis revealed type II cryoglobulinemia. 
Most recently, our group reported a case of mixed type II 
cryoglobulinemia associated to a relapse of a prostate cancer 
with acute kidney injury [26]. Renal biopsy showed a pattern 
of cryoglobulinemic MPGN at light microscopy (Fig. 1). 
Unfortunately, the limited patient compliance and obesity 
did not allow us to get samples also for immunofluorescence 
and electronic microscopy. To the best of our knowledge, no 
previous association of HCV-related mixed cryoglobuline-
mia and prostate cancer has been previously reported, even 
if an independent coexistence should be always carefully 
evaluated due to the high prevalence of prostate malignancy. 
The last evidences highlighted a potential link between solid 
tumor, HCV-negative cryoglobulinemia and renal involve-
ment. The pathogenesis of cryoglobulinemia in malignances 
remains largely undefined [30–32], and it is still not known 
if it may be similar to those cases related to autoimmune 

disorders such as Sjogren’s syndrome leading to abnormal 
proliferation of abnormal clone B-cells [9]. The stimulus 
for monoclonal and/or polyclonal cryoglobulin may involve 
antibodies produced in response to tumor-associated anti-
gens (cross-reacting with autologous antigens), antibod-
ies produced by lymphoid elements in cancer, or systemic 
immunity alterations induced by the tumor in the presence 
of different antibodies, as illustrated by Lundberg et al. [32]. 
However, it is still unclear the “primum movens” as well as 
if some solid tumors are effectively more associated with 
paraneoplastic cryoglobulinemia.

Of note, Visentini et al. [33] recently reported four cases 
of late relapses of HCV-positive mixed crioglobulinaemia, 
occurring in coincidence of infections or cancer. These 
conditions can both promote immune complexes produc-
tion, which in turn may stimulate and activate persistent B 
cell activation with anti-HCV and rheumatoid factor (RF) 
production, leading to cryoglobulinaemia relapse. In this 
case series, one patient developed mixed cryoglobulinae-
mia after 13 years since achieving sustained viral response 
and was concomitantly diagnosed with unresectable lung 
carcinoma. In this contest, even years after the clearance 
of virus, persistent B cell clones producing cryoglobulin-
related RF may remain susceptible to stimulation by immune 
complexes antigens related to the lung cancer. According 
to this evidence, some cancers may be more associated to 
paraneoplastic mixed cryoglobulinaemia than others, but 
this needs to be further investigated with prospective studies.

Fig. 1   Kidney histology at light microscopy showed a pattern of 
membranoproliferative glomerulonephritis characterized by vari-
able degrees of mesangial proliferation, intracapillary leukocytes and 
focal/segmental extracapillary proliferation (crescents). There is also 
a diffuse basement membrane duplication (double contour) mostly 
due to leukocytes. Interstitium presents focal fibrosis with tubular 
atrophy. (PAS stain; ×200). Adapted from Spatola et al. [26]
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Renal involvement in HCV‑related 
and HCV‑unrelated cryoglobulinaemia

The most common renal histologic finding in HCV-associ-
ated type II mixed cryoglobulinemia is generally the mem-
branoproliferative glomerulonephritis (MPGN), usually 
with nephritic or nephrotic syndrome [34]. The finding of 
a cryoglobulinemic vasculitis with renal involvement and 
a histological pattern of MPGN awards specific features 
on light, immunofluorescence, and electron microscopy 
[35, 36], as illustrated in Table 2 and Fig. 1. Indeed, light 
microscopy examination leads to typical histological find-
ings: endocapillary “proliferation” due to an infiltration 
of monocytes; double-contoured appearance of the glo-
merular basement membrane, due to the peripheral inter-
position of monocytes, while mesangial matrix and cell 
interposition is less evident than in lupus nephritis and 
in idiopathic MPGN; intraluminal thrombi in the inner 
side of the glomerular capillary wall and sometimes filling 
the lumen completely. Lobular glomerulonephritis, with 
prevalent mesangial cell proliferation (but also monocyte 
infiltration), mesangial matrix expansion and areas of 
centrolobular sclerosis may also be present. Classically, 
on immunofluorescence IgM and IgG are the prevailing 

Igs in mixed cryoglobulinemia MPGN, suggesting that 
the deposits are locally trapped or precipitated cryoglo-
bulins. Staining for IgM is generally more intense in 
comparison with IgG in idiopathic MPGN. On electronic 
microscopy, electron-dense deposits can be found in sub-
endothelial and mesangial regions, which are character-
ized by thick-walled microtubular or annular structures, 
measuring 30 nm in diameter. Less frequently observed 
kidney lesions include MPGN without cryoglobulins and 
membranous nephropathy, focal segmental glomeruloscle-
rosis, fibrillary or immunotactoid glomerulopathies, and 
thrombotic microangiopathy [37]. In addition, vasculitis 
and interstitial nephritis have been associated with HCV. 
The natural history of these HCV-associated nephropathies 
is characterized by remission and relapsing phases accord-
ing to the HCV infection; however, the long-term outcome 
is not well known.

In non-HCV cryoglobulinemia, including EMC, the evi-
dence of renal manifestations is mostly confined to case 
reports [26, 38] and surveys [17, 34] usually reported in 
areas, such as Northern Europe, where the overall HCV prev-
alence is almost negligible. In a multicenter French study 
comprised of 20 HCV-negative patients with renal manifes-
tations, 50% of the patients had essential cryoglobulinemia 
[34]. In this study, renal involvement was characterized by 

Table 2   Among cryoglobulinemic glomerulonephritis (GN) types, MPGN is the most frequent histological pattern of renal involvement in 
mixed forms. Adapted from D’Amico et al. [35]

Alternative histological types could be present in renal specimens and are also summarized

Cryo MPGN

Light microscopy
Endocapillary “proliferation” is due to an infiltration of leukocytes, mainly monocytes
Double-contoured appearance of the glomerular basement membrane is more diffuse and evident than in lupus nephritis and in idiopathic mem-

branoproliferative GN
The double contour is generally due to the peripheral interposition of monocytes, while mesangial matrix and cell interposition is less evident 

than in lupus nephritis and in idiopathic membranoproliferative
Intraluminal thrombi in the inner side of the glomerular capillary wall and sometimes filling the lumen completely
Lobular GN, with prevalent mesangial cell proliferation (but also monocyte infiltration), mesangial matrix expansion and areas of centrolobular 

sclerosis may also be present
Immunofluorescence
IgM and IgG are the prevailing Igs in mixed cryo MPGN suggesting that the deposits are locally trapped or precipitated cryoglobulins
Staining for IgM is generally more intense in comparison with IgG in idiopathic MPGN
Electronic microscopy
Electron-dense deposits in subendothelial and mesangial regions, which are characterized by thick-walled microtubular or annular structures, 

measuring 30 nm in diameter
Other GN
 MPGN without cryoglobulins
 Mesangioproliferative GN
 Membranous nephropathy
 Focal segmental glomerulosclerosis
 Fibrillary or immunotactoid glomerulopathies
 Thrombotic microangiopathy
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microscopic hematuria in all patients, nephrotic range pro-
teinuria in 75% of patients, hypertension in 80% of patients, 
and renal failure in 85% of patients (mean glomerular filtra-
tion rate, 46 ml/min per 1.73 m). Cryoglobulinemic MPGN 
type I was the only histologic pattern observed. Mild to 
moderate mesangial hypercellularity, moderate mesangial 
matrix expansion, and few to several double contours of the 
glomerular capillary walls were observed. The glomeruli 
were infiltrated by a large number of monocytes and few 
polymorph nuclear cells. “Protein thrombi” were detected 
in 82% of patients. Cryoglobulinemia was classified as 
type II MC in all patients, characterized by monoclonal 
IgM k and polyclonal IgG. According to this pathological 
achievements, in a recent survey conducted by Zaidan et al. 
[39] involving 80 HCV-negative mixed CG patients with 
renal presentation, type II mixed cryoglobulinemia was the 
most frequent syndrome (97.4%) with a monoclonal IgM k 
component in 81% of cases and cryoglobulinemic MPGN 
was the main histological pattern, seen in 92.5% of cases. 
Mesangial hypercellularity, capillary wall remodeling with 
double contours, and focal to diffuse endocapillary leukocyte 
infiltration characterized this entity at pathology. Intralumi-
nal thrombi were also observed in 47.8% of biopsy speci-
mens, mostly in patients with primary Sjögren’s syndrome. 
Other less frequent lesions included mesangial proliferative 
glomerulonephritis (7.5%), characterized by predominant 
mesangial hypercellularity without endocapillary prolif-
eration and with no or mild capillary wall abnormalities; 
lobular accentuation of the glomerular tuft (14.9%) and 
crescentic extracapillary proliferation (13.4%). Interstitial 
fibrosis and tubular atrophy were reported in 61.2% of cases. 
Acute tubular necrosis was seen in 31.3% but was moderate-
to-severe in 10% of cases. Inflammatory renal interstitial 
infiltration was observed in 56.7% of case.

According to previous evidence and to the best of our 
knowledge both HCV-related and HCV-unrelated mixed cry-
oglobulinemias seem to share the same frequent appearance 
of a cryoglobulinemic MPGN, due to the deposits of mono-
clonal and/or polyclonal cryoaggregates. The formation of 
cryoaggregates upon exposure to cold may be the triggering 
factor for vasculitis and their clinical expression in organs 
that are quite distant from the site of exposure to cold as 
kidneys. Alterations of chloride [40] and calcium [41] con-
centration in the renal interstitium have been hypothesized 
as potential risk factors for cryoglobulin aggregation.

Conclusions

HCV-negative mixed cryoglobulinemic glomerulonephritis, 
as a potential paraneoplastic event, remains a controversial 
topic for research and clinical management. A multidiscipli-
nary and extensive clinical appraisal should be carried out 

in the presence of anti-HCV-negative mixed cryoglobuline-
mia and acute kidney injury, primarily to rule out a putative 
immunoproliferative disease and/or occult solid tumor. In 
fact, a correct therapeutic approach to cryoglobulinemia and 
its related disease as crioglobulinemic glomerulonephritis is 
conditioned by the coexistence of malignancy and its prog-
nosis. The dysregulation of immunological system leading 
to the onset of cryoglobulinemia in case of autoimmune dis-
ease and/or malignancies needs further comprehension of 
the underlying mechanisms and additional clinical evidences 
in order to better define the epidemiology and the clinical 
spectrum of this condition.
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