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Background: Reversible cryoprecipitability of proteins is observed as a concomitant feature of immune
complex formation. Mixed cryoglobulinemia (MC) is systemic vasculitis, associated with mixed IgM and
IgG cryoglobulins (CGs) showing rheumatoid factor (RF) activity. It is frequently associated with hepatitis
C virus (HCV). This study investigates the presence of IgG RF and anti-nuclear antibodies (ANA) in cryo-
precipitates of patients with type IIl and type Il MC, to understand the biochemical patterns associated
with different types of MC to a greater degree.

. . Methods: Sera from 70 HCV untreated patients with type III or type Il MC were tested by immunofixation
/C\?;:)g;ﬂﬁﬁgzmb()dy (ANA) for IgG3 and through ELISA for IgG RF. Cryoprecipitates were analysed for ANA by indirect immunofluo-
HCV rescence to identify specific patterns.
1gG3 Results: After stratification according to MC type, the ANA patterns between type Il and type IIl MC were
Rheumatoid factor statistically different.IgG3 levels and IgG-RF positivity were significantly higher in type Ill cryoprecipitate.
We observed a higher positivity of IgG3 and a significant difference between the liver fibrosis stage, ANA
and IgG-RF in the cryoprecipitate.

Conclusion: Results show a combination of biochemical markers and autoantibodies associated to mixed
cryoglobulinemia; these findings could be further investigated in order to ascertain their usefulness in
assessing the risk for the development of mixed cryoglobulinemia.

© 2018 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Cryoglobulinemia is defined as the presence of immunoglob-
ulins (Igs) precipitating in serum at a temperature of <37°C and
dissolving upon reheating of the specimen. Reversible cryoprecip-
itability of proteins may be observed as a concomitant feature of
immune complex formation. The relevance of the cryoprecipitation
phenomenon became apparent when clinical associations with vas-
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culitis and nephritis, resembling those seen in experimental serum
sickness, were described [1].

Cryoglobulins (CGs) were classified by Brouet et al. [2] into
three types according to the characteristics of the constituting Ig:
type I refers to the presence of a single monoclonal Ig; type II is
formed by two Igs, one monoclonal and the other polyclonal. Fre-
quently, a monoclonal IgM-rheumatoid factor (RF) complexed with
polyclonal IgG; type III is composed of polyclonal IgM-RF and the
corresponding antigen (usually polyclonal IgG) immunocomplex.
The last two types are referred to as mixed cryoglobulins (MCs).
CGs in vivo precipitate in the thin vessels of the extremities and
the skin, where the blood temperature can drop well below 37 °C,
as well as in the kidney. Type II and type III CGs were defined as
“essential” as they were found in patients without any clinically
apparent disease [3].

1590-8658/© 2018 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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Table 1

Main characteristics of the study population.
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939

Type of mixed cryoglobulinemia p
Total Type Il Type Il
Total 70 30 (43%) 40 (578%)
Age (years)® 64+11.97 69.4+10 60+411.8
Gender (male/female) 24/46 October-20 14/26
Metavir score”
FO 13 0 13
F1 20 17 3
F2 28 7 21
F3 4 1 3
F4 5 5 0
HCV genotype
1 1(1.4%) 1(3.3%) -
la 13(18.6%) 1(3.3%) 12 (30%)
1b 34 (48.6%) 16 (53.3%) 18 (45%)
2a 8(11.4%) - 8(20%)
2a/2c 5(17.1%) 5(16.7%) -
2a-3c 2(2.8%) - 2 (5%)
3 1(1.4%) 1(3.3%) -
3a 2(2.8%) 2(6.6%) -
MC symptoms
None 19 (27.1%) - 19 (47.5%)
Neuropathy 25(35.7%) 18 (60%) 7 (17.5%)
Meltzer’s triad 30 (42.8%) 20 (66.7%) 10 (25%)
Renal involvement 5(7.1%) 3(10%) 2 (5%)
Raynaud phenomenon 12(17.1%) 11 (36.5%) 1(2.5%)
ALT (U/L)"
7-45U/L 13 (19%) 13 (43.3%) - p<0.001
>45 UL 57 (81%) 17 (56.6) 40 (100%) Type Il vs. type III

2 Data is expressed as mean =+ standard deviation.
b Based on liver stiffness assessed by FibroScan.
¢ ALT normal range: 7-45U/L.

MC syndrome is a systemic vasculitis, affecting the small arteries
and veins, associated with the presence of large amounts of mixed
IgM and IgG cryoglobulins, showing RF activity. It is frequently
associated with hepatitis C virus (HCV) infection [4-6].

HCV chronic infection is characterized by the possible devel-
opment of both hepatic and extrahepatic manifestations, and it is
responsible for poly-oligoclonal B-lymphocyte expansion, leading
to several immune-mediated disorders. HCV-infected patients pre-
disposition to develop MC vasculitis remains unclear, but the host’s
immune response genes may play a role [5].

In 1992, Musset et al. observed microheterogeneity character-
ized by the presence of two or more monoclonal IgM or IgG [7-9]
in patients with CGs.

Type III pattern CG is suggested to be a transitional state that
evolves from a polyclonal population of B-cells to an oligoclonal,
and finally to a monoclonal type I CG [9].

Persistent HCV infection associated with MC shows serological
features of an autoimmunity process. Presence of non-organ-
specific autoantibodies including antinuclear antibodies (ANA)
is well established, and is a peculiar characteristic of Systemic
Autoimmune-Rheumatic Diseases, although their pathogenic role
has not been uncovered yet [10]. As serologic biomarkers, ANAs are
useful for diagnosing patients with autoimmune or connective tis-
sue diseases, but are also associated with HCV-induced responses
[11,12].

HCV infection may be considered as a multiple stage disease and
it shows a correlation between IgG subclasses and the presence of
IgG-RF, and ANA in HCV with type III CGs [13]. IgG3 presence in
cryoprecipitates type Il in HCV- and ANA-positive patients would
constitute a decisive factor for the possible activation of autoim-
mune mechanisms in the long term [13].

IgG3 are known to be autoreactive clones and their ability to
activate several cell clones is confirmed by many clinical studies
[14].

Considering the increased risk of immunological disorders in
patients with HCV, it is necessary to determine sensitive and spe-
cific sets of biomarkers. This study aims to investigate the presence
of IgG RF and ANAs in cryoprecipitates of type Ill and type II CGs,
as well as to search for a relationship between their occurrence in
HCV-positive patients and HCV-related mixed cryoglobulinemia.

2. Materials and methods

2.1. Patients

CGs samples were collected from 70 patients with HCV infection.
Patients were enrolled at two Italian centers (Center for Systemic
Manifestations of Hepatitis Viruses (MaSVE), Department of Experi-
mental and Clinical Medicine, University of Florence, Florence, Italy
and Fondazione Policlinico Agostino Gemelli Universita Cattolica
Del Sacro Cuore, Rome, Italy).

Subjects were included in the study according to the following
criteria: presence of HCV-RNA in the serum, absence of antiviral
treatment and/or immunosuppressive therapy, and the presence
of mixed cryoglobulinemia symptoms (Table 1).

MC was diagnosed when the presence of serum CGs was found
in at least two metachronous tests. ALT values were available for
all the patients and the METAVIR score, was assessed by transient
elastography (Fibroscan). Exclusion criteria was: the presence of
co-infections (HIV and HBV), ongoing drug treatment and the pres-
ence of other autoimmune disorders. Written informed consent
was obtained from all individuals and the study was conducted
in accordance with the Declaration of Helsinki.

2.2. (Clinical and laboratory assessment

Twenty ml of peripheral blood was collected using tubes with-
out anticoagulant, and kept at 37 °C both before and after sample
collection for at least 30 min until complete clotting [15,16].



940 U. Basile et al. / Digestive and Liver Disease 50 (2018) 938-943

25 B Negative
SHomogeneous
20 o N @Nucleolar
: RFine Speckled
B Mid Body
54 s
% = p<0.001
10
5
$3333
0 ]
Type II cryoglobulins ~ Type III cryoglobulins
30 1 B Positive
a s
25 Negative
p<0.001
20
%
15 4
10
S5
0

Type II cryoglobulins Type III cryoglobulins

B

30 DPositive

B Negative
p<0.004
20 1
%
15 1

10

Type II cryoglobulins Type III cryoglobulins

45 -
@7-45 UL

40 1 B>45 UL

37 p<0.001

30

Y%

20 4

0

Type II cryoglobulins Type III cryoglobulins

Fig. 1. Different biochemical patterns in the study population stratified according to MC type. Panel A: results of ANA detection; panel B: 1gG3; panel C: IgG RF positiv-
ity/negativity; panel D: ALT normal level (7-45U/L) and abnormal level (>45 U/L) distribution.

This implies a simple biochemical quantification, which never-
theless requires strict pre-analytical protocol adhesion in order to
maintain the sample at a stable temperature of 37 °C, especially
throughout the initial steps of the test [17].

Following centrifugation, the supernatant serum samples were
transferred into Wintrobe tubes and incubated at 4 °C. The precipi-
tation process manifests itself in a variety of ways among samples,
depending on the concentration of CGs present, and may require
either a few hours (when CGs-often type I-become insoluble at
room temperature) or longer periods of time (7 days), particu-
larly in the event of low concentrations of type III CGs. Cryocrit
percentage was assessed, the supernatant was removed, and the
remaining cryoprecipitate was recovered and washed 3 times [16].
Washing was carried out by using a 4% polyethylene glycol 6000
(PEG 6000) solution obtained by mixing 4 g of PEG 6000 in 100 ml
of phosphate buffer solution (PBS) (4%p/v). 2ml of 4% PEG solu-
tion was added to each cryoprecipitate sample, which was then
centrifuged at 3000 x g for 5min at 37 °C. Cryoprecipitate was re-
dissolved in the appropriate volume of a 3% PEG 6000 solution,
and re-solubilized for 30 min at 37 °C. Igs were typed and charac-
terized by immunofixation electrophoresis (IFE) on the G26 Fully
automated system (Interlab, Italy), according to the manufacturer’s
instructions. IFE was performed using antisera against v, o, W, K,
and A. IgG 3 subclasses were characterized by means of antisera
(Binding Site, UK). A stained band in the IFE represents a reaction
between an antiserum and a specific protein on the specimen. IgG
RF was tested using ELISA kits for quantitative measurement of IgG
RF (INOVA, USA). An aliquot of the sample was previously removed

for ELISA testing, and assayed at 37 °C. All samples were analysed
at the same time following the manufacturer’s instructions, and
plates were immediately read on a plate reader as indicated by the
manufacturer. Following Clinical and Laboratory Standards Insti-
tute (CLSI) guidelines [18], we tested 20 healthy donors from the
local population to verify adherence to CLSI EP 28A3C [18] and
according to the manufacturer, IgG RF >9 was to be used as cut-off
positive.

ANA determination was carried out by means of indirect
immunofluorescence (IIF) on HEp-2 cells, American Type Culture
Collection (ATCC) (INOVA, USA), which enables the expression of
antigens throughout all stages of the cell cycle [19]. Cells were
cultured on glass slides in multiple well plates and the appro-
priate titer of cryoprecipitate was added to cells. Slides were
incubated for 30min and then washed with PBS in order to
remove any non-specific binding or excess. A secondary polyclonal
antibody (anti-human IgG polyclonal sheep antiserum, FITC-
conjugated anti-IgG anti-serum, Invitrogen, Life Technologies) was
subsequently added. Excess conjugated secondary antiserum was
removed by washing with PBS solution. Slides were fixed with
glycerol and mounted for microscopy. Cryoprecipitate dilution for
ANA detection was in PBS 1:5. This is currently the one indica-
tion concerning adequate titers to be used for ANA detection in
cryoprecipitates [13].

Quantitative HCV-RNA detection in cryoprecipitate was deter-
mined by a routine method and a virus genotype was determined
for each sample (Siemens Healthcare, Germany). Presence and
quantification of HCV-RNA were determined by means of real-
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Fig. 2. Different biochemical patterns in the study population stratified according to METAVIR score. Panel A: results of ANA detection; panel B: IgG RF positivity/negativity;
panel C: MC type distribution; panel D: ALT normal level (7-45 U/L) and abnormal level (>45 U/L) distribution.

time polymerase chain reaction (PCR), transcription-mediated
amplification (TMA), and multi-probe reverse hybridization of the
5’-untranslated region (5’-UTR) of the HCV genome. Testing for HCV
genotype and subtype was performed through reverse transcrip-
tion and PCR and reverse hybridization of the HCV genome.

2.3. Statistical analysis

Statistical analysis was performed using the Statistical Package
for Social Science (SPSS) version 15.0 (Chicago, Illinois). Distribu-
tion of the data in the groups was preliminarily evaluated via the
Kolmogorov-Smirnov test. Continuous variables were presented as
mean + SD. Categorical variables were described as numbers in per-
centage and compared using the x? test. The differences in molecule
levels between groups were analyzed using the Kruskal-Wallis,
Mann-Whitney Test, and multiple comparisons post hoc tests as
appropriate. A two-sided p value of less than 0.05 was considered,
associated with statistical significance.

3. Results

A total of 70 patients, 46 female and 24 male, mean age 64 years
(range 35-79) were retrospectively enrolled. IgG-RF was present
in 42.9% (N =30) of patient cryoprecipitates. The IgG3 subclass was
negative in 37/70 (53%) patients.

ANA determination assay was negative in 32/70 subjects (46%)
and positive in the remaining 38/70 (54%); ALT levels were nor-
mal (mean 29.9+9.8U/L) in 13/70 patients (19%) and increased

(mean 106.1 +£52.7 U/L) in 57/70 (81%), normal values range from
7 to 45 U/L.

Results of cryoglobulin type assessment showed that 30/70
patients (43%) had type Il and 40 had type Il MC (57%). Stratifying
results according to MC type, the ANA patterns were statistically
different between type II and type Il MC (p<0.001) (Fig. 1, panel
A); IgG3 levels and IgG-RF positivity were higher in type Ill cryopre-
cipitate (p<0.004, Fig. 1, panel Band p <0.001 panel Crespectively);
ALT levels were also significantly different between type Il and type
Il MC (p<0.001): in the type Il MC group 13/30 patients (43%) had
normal ALT (mean 29.9+9.8U/L) and 17/30 (57%) had an abnor-
mal ALT level (mean 84.3 +43.4U/L); all type IIl MC patients had
an abnormal ALT value (mean 115.44+53.9U/L) (Fig. 1, panel D).
Dividing the total population into two groups, according to ALT lev-
els (normal and abnormal), we did not find a significant correlation
with IgG3 positivity (p=0.056; data not shown).

Stratifying for the liver fibrosis stage, according to the METAVIR
scoring system, we observed a higher positivity of IgG3 and, a sta-
tistically significant difference between the stage of liver fibrosis
and ANA (p<0.001, Fig. 2, panel A), IgG-RF in the cryoprecipitate
(p=0.027; Fig. 2, panel B) and also a difference in MC type frequency
(p<0.001) (Fig. 2, panel C). ALT levels stratified according to liver
fibrosis stages are shown in Fig. 2, panel D.

4. Discussion

The pathogenesis of HCV-related MC is still not completely
known [20]. Key factors are probably chronic stimulation of the
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immune system through HCV infection, and the dysfunction of
the reticuloendothelial system [21], thereby leading to the pro-
duction and persistence of antibodies that are able to precipitate
below body temperature [22]. There is a higher prevalence of IgG3
responses to HCV antigens in HCV-related MC patients than in HCV
patients without MC [23].

IgG3 fixes complement more efficiently than other subclasses,
thereby leading to the activation of the classical pathway [13,24].
CGs are heterogeneous immune-complexes, and do not always cor-
relate with the severity of symptoms, [25].

HCV patients express a great variety of autoantibodies usually
at a low titer [26], and they may be associated with underlying
autoimmune disorders or liver inflammation in HCV infection. A
possible reason for antibody production is over activation and pro-
liferation of B lymphocytes, via interaction with the HCV surface
protein [27].

Data shows a different presence of autoantibodies and IgG3 in
type Il and type III CRGs that probably represents a modulation of
the immune system to continuous antigenic stimulation.

In our cohort, we analysed if there was any correlation between
type II and type III MC with the presence of ANA, IgG-RF, 1gG3
subclass and ALT elevation (Fig. 1).

The difference between the two groups is probably due to the
existence of a progressive evolution of CGs. Elevated ALT levels
in type Il are probably due to a broader immune response that
involves both IgG1, which take part in the recognition of the virus,
and the presence of IgG3 that triggers some autoimmune responses
as well as IgG-RF that participates in the formation of the immune
complex [15]. It is also conceivable that the presence of ANA and
then autoreactive clones represents the trigger for extrahepatic
autoimmune manifestations.

Type II CGs arise by a later clonal selection characterized by
the presence of a monoclonal k—IgM responsible for typical MC
symptoms. Low temperatures and IgG3 seem to trigger a reversible
cryoprecipitation, possibly by inducing steric modifications of Ig
molecules [28]. The biological activities of each subclass of IgG are
not fully known. IgG receptors are strikingly numerous in humans.
They are comprised of high-affinity and low-affinity. The pres-
ence of IgG3 in cryoprecipitates of HCV- and ANA-positive patients
constitutes a decisive factor for the possible activation of autoim-
mune mechanisms in the long term [15]. In addition, IgG3 positive
patients are also positive for IgG-RF, known to be autoreactive
clones, and their capacity to activate several cell clones. Thus, the
presence of IgG3 in cryoprecipitates may suggest a more highly
activated immune system, which is then more exposed to the
mechanisms of autoimmune diseases [15]. The possible presence of
IgG-RF or ANA may be the result of selected clones of autoreactive
IgG in HCV patients.

Hepatic fibrosis stimulates the production and accumulation of
collagen and extracellular matrix proteins. Molecules derived from
both pathogen and host can induce inflammation in a rigidly con-
trolled process, that engages immune cells and parenchymal cells
via different signal transduction pathways [29].

In the present study patients with Metavir score F2, had a type IIl
CG pattern. All patients with a type Il CG pattern had elevated ALT.
The elevated ALT also correlated with the presence of IgG-RF in the
cryoprecipitate and particularly fine speckled ANA (Fig. 2 panel D).
These findings were unexpected, and further studies will be useful
in confirming if a mild fibrosis stage with high ALT levels is cor-
related with a “secretory” behavior, high levels of cryoprecipitate,
and ANA positivity.

Results show that a combination of biochemical markers could
have predictive value for the diagnosis of clinically significant
extrahepatic manifestations in patients with CG, and detection of
autoantibodies has a significant role in the mosaic of autoimmunity
as an important risk factor for the development of autoimmune

disease [30]. Considering the double-edged nature of antibodies,
unveiling the origin and pathological implications of infection-
driven autoantibodies could be a milestone in the development of
effective therapeutic strategies against both chronic infections and
autoantibody-mediated systemic disorders. Moreover, the hypoth-
esis that IgG3 could play an important role both in the induction
and persistence of cryoglobulinemia, as well as the assumption of
an evolution of such a condition from type III CRGs to type II CRGs,
have been confirmed by other authors as well [28].

The presence of autoantibodies in the course of chronic HCV
infection (in particular ANA) is a phenomenon that could be a
virus-induced autoimmunity, of which cryoglobulinemia could be
a possible model. The detection of an autoantibody is not neces-
sarily related to a frank autoimmune disease, but the presence of
ANA could be a key factor in autoimmune mechanisms activation
and, their detection could be a screening test, and a basic tool in the
diagnosis and management of patients with autoimmune disease.

In conclusion, HCV disease is the result of a multifactorial and
multistep biochemical and pathogenetic process. Our results, along
with longitudinal studies, demonstrate that the discussed set of
biomarkers can be used as a predictive tool for variations in clini-
cal manifestations. Some extrahepatic manifestations are immune
mediated while others seem to be driven by chronic inflammation.
Also, the availability of these non-invasive tests could be valuable in
order to assess the effective control of HCV-related lymphoprolifer-
ations or autoimmune diseases, after viral eradication, highlighting
an area of interest that may warrant further investigation, in order
to determine variations in cryoprecipitates associated with differ-
ent outcomes in HCV patients.
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