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ABSTRACT

HCVis ahepatotropic and lymphotropic virus and is the most frequent cause of “benign” mono-oligoclonal
B-lymphocyte proliferation, observed in mixed cryoglobulinemia (MC). The study aims to investigate the
presence, prevalence and characteristics of the subclasses of cryoglobulins in HCV-patients to look for a
relationship with MC. Fifty HCV-infected patients with cryoglobulins were enrolled. IgG subclasses were
characterized in cryoprecipitate, and serum IgG and IgM Rheumatoid Factor (RF) were determined.

Patients were stratified into two subgroups according to the presence of IgG3 subclass. Differences were
observed in supernatant IgM, IgG3-positive and IgG3-negative patients with a higher IgM concentration
in the IgG3-negative cohort (p=0.03). Higher IgM-RF was detected in the IgG3-negative group (p=0.01).
IgG3-positive group showed higher IgG-RF compared to the IgG3-negative group (p <0.0001).

IgG3-negative/monoclonal-IgM patients had higher cryocrit compared to IgG3-negative/polyclonal-
IgM patients (p<0.01). C4 levels were higher in the polyclonal-IgM group compared to monoclonal-IgM
group (p<0.01).

We speculate that cryoglobulins are part of a progressive clonal selection process in which, B-cells are
stimulated to produce oligoclonal IgG3 with RF activity.

The persistence of the antigenic stimulus elicits the production of polyclonal IgM-RF and subsequently
the formation of oligoclonal IgG/polyclonal IgM containing cryoglobulins. In the last stage, a monoclonal
IgM-RF clone is formed which may coexist with a monoclonal IgG3-RF clone.

© 2017 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

1. Introduction

are immune-complexes which undergo reversible precipitation
below 37°C and re-dissolve upon re-warming [5]. Therefore, the

HCV chronic infection, is often asymptomatic for many years,
and can lead to progressive liver damage [1]. The virus is able
to infect different sets of blood cells, mainly B lymphocytes
[2], which is one of the most likely origins of “benign” mono-
oligoclonal B lymphocyte proliferation, and is typically observed
in mixed cryoglobulinemia (MC) [3]. The production of immune
complexes, including cryoglobulins (CGs) and various autoanti-
bodies is determined by the activation of B-lymphocytes [4]. CGs

* Corresponding author at: Department of Experimental and Clinical
Medicine, University of Florence, Largo Brambilla, 3, 50134 Firenze, Italy.
Fax: +39 055 2758099.

E-mail addresses: laura.gragnani@unifi.it, lauragragnani@gmail.com
(L. Gragnani).

http://dx.doi.org/10.1016/j.d1d.2017.06.003

mechanism of cryoprecipitation may be secondary to the intrin-
sic chemical physical properties of the immunoglobulins or to the
interaction of individual components of the cryoprecipitate [6].
In types II and Il MC, the CGs are composed of polyclonal IgG
(behaving as auto-antigens) and IgM, with Rheumatoid Factor (RF)
activity, monoclonal in type II, and polyclonal in type III [7].

MC is the most frequent and strongly associated extrahepatic
manifestation of HCV: as reported in different studies, more than
90% of patients with MC are HCV-positive [2,8]. MC is both an
autoimmune and B-lymphoproliferative disorder; it is clinically
benign but it can evolve to a frank lymphoma in about 8-10% of
cases [2,9].

Type Il MC is the final immunochemical pattern of type IIl and
oligoclonal MC. The oligoclonal type appears to be an interme-
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diate stage in the course of type IlI, changing to type Il MC and
predisposing HCV-infected patients to develop symptomatic cryo-
globulinemic vasculitis [10].

Four IgG subclasses are described: IgG1 (60-65% of total IgG),
IgG2 (20-25%),1gG3 (5-10%) and IgG4 (3-6%) with different chem-
ical and physical properties, whose clinical significance is not fully
understood. IgG3 has a 7 day half-life, other IgG subclasses have a
longer half-life (about 20 days) [11]. IgG3 are very effective in the
induction of effector functions. Being a potent pro-inflammatory
antibody, IgG3 shorter half-life may function to limit an abnormal
inflammatory response [12].

Analysis of immunoglobulin components in murine CGs has
shown selective enrichment of a particular IgG subclass; IgG3.
IgG3 monoclonal CGs with RF activity induce extensive extra-
hepatic manifestations. The human and murine IgG3 have an
equal tendency to self-assemble, although there are structural and
functional differences, demonstrating arole in the molecular mech-
anism of the formation of cryoprecipitate [13,14]. Human IgG3
myeloma proteins undergo concentration and temperature depen-
dent aggregation, although not always cryoprecipitation [15]. Since
the aggregating site seems to be localized in the IgG3 heavy chain
Fc fragment, the molecular mechanism of self-association may not
be identical in human and murine IgG3. Nevertheless, the physic-
ochemical properties of human IgG3 would explain the frequent
enrichment of the human IgG3 subclass in association with IgM RF
in MC[13].

This study aims to investigate the presence, prevalence and
characteristics of the subclasses of CGs in patients infected with
HCV, through the study of various immunochemical patterns in the
presence of mono-, oligo- or polyclonal IgG3, to search for a rela-
tionship between their occurrence in HCV-positive patients and
MC evolution. We also investigated whether there is an association
between the presence of Ig classes and subclasses in cryoprecipitate
and RF activation, since this may be useful to better comprehend
the molecular mechanisms of mixed cryoglobulinemic vasculitis.

2. Patients and methods
2.1. Patients

Fifty HCV-infected patients were retrospectively enrolled at the
Fondazione Policlinico “A. Gemelli”, Rome, Italy. The inclusion cri-
teria were detectable HCV-RNA in the serum, and the presence of
positive cryocrit (CRT); exclusion criteria were a current or a pre-
vious antiviral treatment and HIV or HBV co-infection. All patients
gave their informed consent, in accordance with the Principles of
the Declaration of Helsinki.

2.2. (linical and laboratory assessments

Since CGs detection should be carefully carried out starting from
the pre-analytical phase, blood samples were collected and stored
according to an accurate procedure [16]. Pre-warmed equipment,
rigorously kept at 37°C, was used for blood collection (20 mL) in
anti-coagulant free tubes. EDTA-containing tubes were used for
viremia assessment and microbiology tests.

HCV-RNA detection was performed in both supernatant and cry-
oprecipitate and was determined through real-time polymerase
chain reaction, transcription-mediated amplification, and multi-
probe reverse hybridization of the 5’ untranslated region of the HCV
genome. The HCV genotype (GT) was determined for each sam-
ple by using the line probe assay Versant HCV genotype LiPA 2.0
(Siemens Healthcare Diagnostics, Munich, Germany). Liver disease
stage was assessed by liver elastography using FibroScan (Echosens,
Paris, France).

The following serum parameters were assessed: IgG, IgA, IgM,
C3, (4 (determined at 37°C, following cryoglobulin separation)
and IgG, IgA, IgM supernatant by Nephelometric measurement
with Dade Behring BNII (Siemens Healthineers Diagnostics Prod-
ucts GmbH, Marburg, Germany). RF was tested in duplicate at 37 °C,
using ELISA kits for IgG-RF (INOVA diagnostics, USA) and nephelo-
metric assays for [gM-RF IU/mL (Siemens Healthineers Diagnostics,
Germany); Alanine aminotransferase (ALT) was measured using
Advia Chemistry XP (Siemens Healthineers, Germany). All speci-
mens were analyzed at the same time following the manufacturer’s
instructions.

2.2.1. Cryoglobulin detection and typing

CRT was measured for all samples. Samples were allowed to
clot for >1h (until complete clotting) prior to centrifugation at
37°C at 1700 x g for 5 min. Separated serum was transferred into
Wintrobe tubes, immediately incubated at 4°C for 7 days to allow
cryoglobulin precipitation and subsequently centrifuged for 10 min
at 1700 x g(at4°C)[17]. Cryoprecipitate was reported as a percent-
age of the total serum volume.

The supernatant was then removed and stored for further anal-
yses; the remaining cryoprecipitate was washed 3 times using 2 mL
of a 4% PEG solution, obtained by mixing 4 g of polyethylene gly-
col (PEG 6000) with 100 mL of phosphate-buffered saline (PBS 4%
p/v).After each wash, the cryoprecipitate sample was centrifuged at
1700 x gfor 5minat37°C[16]. Cryoprecipitates were resuspended
inan appropriate volume of 3% PEG 6000 solution, and resolubilized
for 30 min at 37°C.

Immunoglobulins were typed and characterized by immunofix-
ation electrophoresis, optimized for the Easyfix G26 fully-
automated system (Interlab, Italy), according to the manufacturer’s
instructions. Immunofixation electrophoresis was performed using
antisera against y, «, i, k, and A (supplied by Interlab, Italy) [18].

Cryoprecipitate IgG subclass research was carried out by
immunofixation electrophoresis by using antisera against IgG1,
IgG2, 1gG3 and IgG4 (supplied by Binding Site, England). The
purity of cryoprecipitates was checked by running the samples by
immunofixation electrophoresis with total protein antiserum.

2.3. Statistical analysis

Collected data sets were analyzed using Statgraphics Plus 5.1
(Statpoint Technologies, Inc., Warrenton, VA, USA) and Graph-
Pad (S. Diego, CA, USA). The categorical and quantitative variables
are expressed as number, percent and mean + standard deviation,
respectively. The X2 and Fisher tests were used to evaluate cate-
gorical variables. Statistical significance was set at p <0.05.

3. Results

Fifty HCV-infected patients with circulating CGs (32 women,
mean age 58.4+ 10.9 years) were enrolled at the Fondazione Poli-
clinico “A. Gemelli”, Rome, Italy, between January 2013 and January
2015. Patients were stratified into two subgroups according to IgG3
subclass positive or negative; the main demographic, clinical and
virological characteristics of the population study are summarized
in Table 1.

Significant differences were observed upon comparison of IgM
supernatant levels in IgG3-positive and IgG3-negative patients
(Fig. 1, panel a), with higher IgM concentration in the IgG3-negative
cohort (p=0.03). Likewise, higher IgM-RF concentrations were
detected in the IgG3-negative group (p=0.01) (Fig. 1, panel b).
On the other hand, the IgG3-positive group showed higher IgG-RF
concentrations compared to the IgG3-negative group (p <0.0001)
(Fig. 1, panel c). Among the IgG3-positive patients, the IgG-RF was
lower in the IgM-positive group (p=0.03) (Fig. 1, panel d). Six of
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Fig. 1. Results of IgG3-positive vs IgG3-negative and IgM-negative vs IgM-positive in the IgG3-positive group.
Panel a: Comparison of IgM supernatant concentrations (mg/dL) in IgG3-positive and IgG3-negative patients, *p=0.03; panel b: Higher IgM-RF concentrations (Ul/mL)

were detected in the IgG3-negative group, **p=0.01; panel c: The IgG3-positive group showed higher IgG-RF concentrations(U/dL) compared to the IgG3-negative group,
***p<0.0001; panel d: Among the IgG3-positive patients, the I[gG-RF (UI/L) was lower in the IgM-positive group, ****p=0.03.
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Fig. 2. Results of monoclonal IgM vs polyclonal IgM in the IgG3-negative group.

Panel a: In the IgG3-negative group, IgM Rheumatoid Factor concentrations (UI/L) were higher among the monoclonal IgM patients, *p <0.01; panel b: a slightly significant
difference was observed when supernatant IgM concentrations (mg/dL) were compared between IgG3-negative/monoclonal-IgM and IgG3-negative/polyclonal-IgM patients,
**p=0.03; panel c: IgG3-negative/monoclonal-IgM patients had a higher percentage of cryocrits compared to IgG3-negative/polyclonal-IgM patients, ***p <0.01; panel d: C4
levels (mg/dL) in the IgG3-negative group were higher in the polyclonal-IgM group as opposed to the polyclonal-IgM cohort, ****p <0.01.
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Table 1
Main demographic, hepato-virological and clinical characteristics of the 50 patients.
All patients (n=50) Patients IgG3 positive (n=26) Patients IgG3 negative (n=24) p-Value
Mean age (years) 52.18+12.56 60.6 £10.2 559+11.2
Sex
Male 18 9 9
Female 32 17 15
Histology (%) 26 10 16
Chronic hepatitis 20 8 12
Cirrhosis 4 2 2
ALT (IU/mL) 70.7+£70.3 71.3+854 70.1+51.9 NS
METAVIR score (%)
FO 18 18 0
F1 28 16 12
F2 36 12 24
F3 18 6 12
C3 (mg/dL) 99.7 +59.2 81.14+41.6 110+£68.2
C4 (mg/dL) 17.6+104 19.4+10.6 16+9.2
Cryocrit (%) 3.96 3.15 4.88
IgM positive 44 20 24 0.03
Polyclonal (Type Il CG) 17 5 12
Monoclonal (Type I CG) 27 15 12
IgM RF (IU/mL) 42.4+42.6 39.8+51.2 455+31.7 0.01
IgG RF (IU/mL) 20.5+18.9 224204 18.8+17.1 <0.0001
1gG1 (%) 100 50 50
1gG2 (%) 20 12 8
1gG4 (%) 4 4 0
Viral titer supernatant (IU/mL x 106) 23 213 2.55
Viral titer cryoprecitate (IU/mL x 106) 3.82 3.58 4.08
HCV genotype 1a(13); 1b(24); 2a(9); 2a-3¢(3) 1a(8); 1b(10); 2a(4); 2a-3¢(3) 1a(5); 1b(14); 2a(5)

Values are expressed as mean + standard deviation. IU, international units; ALT, alanine aminotransferase limit 45 Ul/l; C4 Complement fraction normal values: 8-32 mg/dL;
" p=0.03; difference of IgM supernatant concentrations (mg/dL) between IgG3-negative/monoclonal-IgM and IgG3-negative/polyclonal-IgM patients.

the IgG3 patients with RF activities were also IgG1 positive. We
then analyzed the IgG3-negative group in more detail and found
that IgM-RF levels were higher among the monoclonal IgM patients
compared to polyclonal IgM patients (p <0.01) (Fig. 2, panel a). We
also observed a difference in total IgM concentrations between the
same groups (p=0.03) (Fig. 2, panel b).

IgG3-negative/monoclonal IgM patients also had higher CRT
concentrations compared to IgG3-negative/polyclonal IgM patients
(p<0.01) (Fig. 2, panel c), whereas no differences were observed
among the IgG3-positive group (data not shown). At the same time,
C4 levels were higher in the polyclonal IgM group compared to
the monoclonal IgM group (p<0.01) (Fig. 2, panel d), whereas no
differences were observed in C3 levels.

Among IgG3-positive CGs group, 9 patients (34.5%) had a
METAVIR score =F0, 8 patients (31%) had F1, 6 patients (23%) had
F2 and 3 patients (11.5%) had F3; no CGs patients with negative
IgG3 showed a FO METAVIR score, while 6 (25%) patients had F1,
12 patients (50%) had F2 and 6 (25%) patients had F3 (Fig. 3A).
Considering the monoclonal IgM group, 3 patients (11%) had FO,
7 (26%) patients had F1, 8 patients (30%) had F2 and the remaining
9 patients (33%) had F3; there were no patients in the polyclonal
IgM group with an FO and F3 METAVIR score while 7 patients (41%)
had F1 and 10 patients (59%) were F2 (Fig. 3B).

4. Discussion

Over 90% of Type II and Type Il MC cases are HCV-induced,
although other viruses have also been related to this condition
[19,20].

CGs represent only a part of the circulating immune complexes
and their cryoprecipitable fraction can vary widely from person to
person and in the same individual during the course of the disease
[21].

The presence of hyperstimulation of the immune system by
infectious agents such as viruses and the chronic inflammatory
response can lead to the development of autoimmune diseases with
loss of control of B and T cells [22]. A possible molecular mimicry of
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HCV could be superimposed on the natural versus host due to the
chronicity of the disease [23].

In a previous study on naive HCV patients, anti-nuclear anti-
bodies were found in subjects without extrahepatic disease [24].
Serum IgG subclass distribution in patients with autoimmune dis-
eases is different from that found in healthy people. Zhang et al.
showed that IgG3 subclass levels in serum present distinct patterns
in different autoimmune diseases. In primary biliary cirrhosis IgG3
levels are prominently increased compared with those in the other
autoimmune diseases showing how this subclass is also involved
in autoimmune liver diseases [25].

The expansion of B cells contributes to autoantibody produc-
tion, such as anti-IgG RF that constitutes the IgG-IgM immune
complexes, commonly found in CG precipitates [21]. In this study,
higher concentrations of IgM-RF were detected in the supernatant
of the IgG3-negative samples compared to IgG3-positive ones. The
expansion of the IgM-RF clone could be due to the persistence of
antigenic stimulus; on the other hand, the higher levels of IgG-RF in
the IgG3-positive group compared to the negative one may indicate
a more recent contagion. Being that HCV infection is a progres-
sive disease we can use the METAVIR score as a surrogate indicator
of the duration of infection. In fact patients with IgG3 presented
a METAVIR score between FO and F1(Fig. 3A), while IgG3 nega-
tive patients with monoclonal IgM, had a higher METAVIR score
(Fig. 3B).

We also showed that, in the IgG3-negative group, the levels of
IgM-RF are higher in patients with monoclonal IgM than in patients
with polyclonal IgM. The presence of monoclonal IgM is associ-
ated with higher CRT and lower C4 levels, leading us to speculate
that patients with monoclonal IgM show a higher activation of the
cryoglobulinemic clone.

Thus, the presence of IgG3 in cryoprecipitates suggests that the
immune system is highly stimulated [26] and thus more susceptible
to the development of autoimmune mechanisms. These markers
may be a prognostic factor for the onset of autoimmune disease in

HCV-infected individuals. IgG3 is particularly effective in the induc-
tion of effector functions. It is a potent pro-inflammatory antibody,
its shorter half-life may limit a potential, abnormal inflammatory
response. Viral infections usually lead to the onset of IgG1 and IgG3
subclasses, with IgG3 antibodies appearing first in the course of the
infection. IgG3-dominated responses appear to be rare [27].

The sporadic presence of other IgG subclasses (IgG2, 1gG4) in
cryoprecipitate could be due to a possible non-specific entrapment
during the early formation of [gG1-IgG3 RF and IgG1-IgG3-IgM RF
immune complexes.

The three serological types of MC, Type III, Type II-III or Type II
MC, may represent different steps of an evolving autoimmune dis-
order, beginning with polyclonal B-cell activation and leading to
the final oligo-monoclonal lymphoproliferative stage, (Type Il MC)
[20,21]. In fact, CGs could be part of a progressive clonal selection
process, in which B-cells are initially stimulated to produce more
clones of oligoclonal immunoglobulin IgG3 with RF activity. Fore-
going results indicated that the presence of IgG3 in cryoprecipitates
of HCV and antinuclear antibody-positive patients are probably the
main factor activating autoimmune mechanisms in the long term
(Fig. 4)[7]. Interestingly, the association between the CRT level and
the immunochemical pattern seems to confirm the hypothesis of
clonal selection: lower CRT levels were found in both polyclonal
and oligoclonal Type III CGs, while the highest were detected in
Type 11 [26].

The simultaneous presence of IgG-RF with an immunochemical
pattern in which we observed the presence of IgG3, supports the
hypothesis of an involvement of this subclass in the initiation of
early stages of CGs [7]. It can therefore be assumed that the CGs
were originally formed only by two classes of IgG: I1gG1 and 1gG3
with RF activity, and that their presence might be interpreted as
an early stage MC early stage. In the initial stage at the beginning
of HCV infection, the IgG1 recognizes the virus (Fig. 5, panel A)
and forms a complex that activates the IgG3 RF, causing the pre-
cipitation of the circulating immune complexes (Fig. 5, panel B).

Please cite this article in press as: Basile U, et al. IgG3 subclass: A possible trigger of mixed cryoglobulin cascade in hepatitis C virus
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It can be assumed that the cryoglobulins were originally formed only by two classes of IgG: IgG1 and IgG3 with Rheumatoid Factor (RF) activity, and that their presence might
be interpreted as a Mixed Cryoglobulinemia early stage. In an initial stage at the beginning of HCV infection, the IgG1 recognizes the virus (panel A) and forms a complex
that activates the IgG3 RF, causing the precipitation of the circulating immune complexes (panel B). A second stage (panel C) is dominated by the persistence of the antigenic
stimulus that activates the production of polyclonal IgM-RF, giving origin to cryoglobulins formed by oligoclonal IgG and polyclonal IgM. The next step is the transformation
of the polyclonal IgM-RF to oligoclonal through a clonal selection system with the simultaneous presence of an IgG3 RF characterized by oligoclonal cryoglobulins.

The last stage (panel D) involves the formation of a monoclonal IgM-RF clone that can be present, for a period of time, together with a monoclonal IgG3 RF clone.

A second stage (Fig. 5, panel C) is dominated by the persistence
of antigenic stimulus that activates the production of polyclonal
IgM-RF, giving origin to CGs formed by oligoclonal IgG and poly-
clonal IgM. The next step is the transformation of the polyclonal
IgM-RF to oligoclonal through a clonal selection system with the
simultaneous presence of an IgG3 RF characterized by oligoclonal
CGs.

The last stage (Fig. 5, panel D) involves the formation of a mon-
oclonal IgM-RF clone that can be present, for a period of time,
together with a monoclonal IgG3 RF clone.

The results of our study help to clarify the molecular basis
of the CGs generation in HCV-related MC. The presence of small
concentrations of cryoprecipitate and its immunochemical char-
acterization could be useful in the clinical management of these
patients, providing important information about the stage of the
disease.

A more accurate method of detecting CGs could increase the
prevalence in HCV patients who are positive for these proteins
and in association with related symptoms, make them eligible
for antiviral treatment even in the absence of severe liver dis-
ease.

Furthermore, the detection of increased levels of IgG-RF and the
presence of IgG3 could suggest that scrupulous follow-ups should
be carried out for these patients to identify the evolution towards
an autoimmune or lymphoproliferative disease in the early phase.

In conclusion, our study proposes that IgG3 subclasses can be
used to predict the evolution of CGs transformations, responsible
for extrahepatic manifestations in more advanced stages.
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