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SUMMARY

 

Hepatitis C virus (HCV) infection has been detected in a large proportion of patients with mixed cryo-
globulinaemia (MC). Circulating ‘free’ non-enveloped HCV core protein has been demonstrated in
HCV-infected patients, and this suggests its possible involvement in the formation of cryoprecipitable
immune complexes (ICs). Thirty-two anti-HCV, HCV RNA-positive patients with type II MC were
evaluated. Non-enveloped HCV core protein, HCV RNA sequences, total IgM, rheumatoid factor (RF)
activity, IgG and IgG subclasses, C3 and C4 fractions, C1q protein and C1q binding activity were
assessed in both cryoprecipitates and supernatants. Non-enveloped HCV core protein was demon-
strated in 30 of 32 (93·7%) type II MC patients. After separation of cold-precipitable material, the pro-
tein was removed completely from supernatant in 12 patients (40%), whereas it was enriched in the
cryoprecipitates of the remaining 18. In addition, HCV RNA and IgM molecules with RF activity were
concentrated selectively in the cryoprecipitates. Differential precipitation was found for both total IgG
and IgG subclasses, as they were less represented in the cryoglobulins and no selective enrichment was
noted. Immunological characterization of HCV core protein-containing cryoprecipitating ICs after
chromatographic fractionation showed that the IgM monoclonal component had RF activity, whereas
anti-HCV core reactivity was confined to the IgG fraction. C1q enrichment in addition to high avidity
of ICs for C1q binding in the cryoprecipitates suggest that complement activation may occur through
the C1q protein pathway. The present data demonstrate that non-enveloped HCV core protein is a con-
stitutive component of cryoprecipitable ICs in type II MC patients.
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INTRODUCTION

 

Cryoglobulins are cold-precipitable immunoglobulins (Ig) asso-
ciated frequently with the development of vascular, renal and
neurological lesions [1]. While single (type I) cryoglobulins con-
tain a monoclonal Ig and occur predominantly in patients with
malignant proliferative disorders of the immune system, mixed
cryoglobulins (MC) are accounted for by two or more Ig iso-
types, with (type II) or without (type III) a monoclonal compo-
nent [2]. MC have been detected in patients with chronic
inflammatory, autoimmune, lymphoproliferative and infectious
diseases [3], although they are often defined as ‘essential’ due to
the apparent lack of concomitant diseases. During the last 10

years, however, a growing body of evidence has defined a strik-
ing relation between MC and hepatitis C virus (HCV) infection
[4–6].

HCV is an enveloped, positive-strand RNA virus with a
genome of approximately 9600 nucleotides, encoding a polypro-
tein precursor of about 3000 amino acids [7]. It is cleaved by viral
and host proteases, resulting in a series of proteins which include
the capsid, two envelope proteins (E1 and E2) and seven (per-
haps more) non-structural proteins [8]. The putative HCV virion
consists of the viral envelope and an inner core. Virions often cir-
culate in the form of immune complexes (ICs) bound to Ig [9,10].

A remarkable feature of HCV infection is its high propensity
to become chronic and to develop cirrhosis in almost one-quarter
of infected individuals [11]. The incidence of HCV infection in
MC ranges from 40% to 100% in the reported case series [12] and
in different geographical areas [13], though improved diagnostic
techniques have shown increasing prevalence rates in the same
area in the course of time [14]. In Italy, more than 80% of MC
patients are infected with HCV [15]. MC, on the other hand,



 

276

 

D. Sansonno 

 

et al.

 

© 2003 Blackwell Publishing Ltd, 

 

Clinical and Experimental Immunology

 

, 

 

133

 

:275–282

 

occurs in 20–50% of prospective series of chronically HCV-
infected patients [16,17].

The primary role of HCV in the mechanism of cryoprecipita-
tion is suggested by its selective concentration in cryoglobulins
[5]. RNase-resistant HCV enrichment of cryoprecipitates indi-
cates that intact viral particles are involved directly in their for-
mation [18]. Density gradient fractionation analysis has shown
that ICs isolated from either cryoprecipitates or supernatants
have heterogeneous composition and different biological proper-
ties [19].

HCV nucleocapsid protein devoid of enveloped proteins has
been detected in the bloodstream of HCV-infected patients [20–
22] and may represent a good indicator of viral load [23]. Non-
enveloped HCV core protein has been reported to be secreted
from transfected hepatoma cell lines in cultures [24] and in HCV
core protein transgenic mice [25]. Observation of non-enveloped
nucleocapsids in the serum of HCV-positive patients with normal
ALT levels and without signs of progressive liver disease suggests
that they are overproduced during virogenesis [22]. The core pro-
tein has been found in the serum of most HCV chronic carriers
with active liver disease and almost half of those with inactive dis-
ease [26]. In addition, serum levels of HCV core protein change
following antiviral therapy and become undetectable in respon-
sive patients [27].

Thus, it seems likely that HCV core protein participates in the
formation of ICs [28] and suppresses T-cell response by interact-
ing with the globular domain of C1q complement receptor
(gC1qR) [29]. This interaction may play a key role in determining
complement activation, a crucial interdependent regulator of the
size and solubility of immune aggregates [30].

We illustrate here the detection of ‘free’ non-enveloped HCV
core protein in type II MC patients, and discuss its role in cryo-
precipitation and its clinical significance.

 

MATERIALS AND METHODS

 

Patients

 

Starting from January 1999, 32 patients with the purpura-
weakness arthralgia syndrome were referred to the Department
of Biomedical Sciences and Clinical Oncology of the University
of Bari Medical School. All patients were positive for antibodies
to HCV and HCV RNA, and negative for HBsAg and anti-HIV
antibodies. Epidemiological data including age at time of liver
biopsy, duration of liver disease, and exposure to risk factors are
reported in Table 1. After giving their informed consent, all
patients provided a liver biopsy specimen taken with the Meng-
hini needle. No patient had received corticosteroids, interferon or
other systemic treatments. The study was approved by the Uni-
versity Ethics Committee.

 

HCV core protein detection

 

A prototype ELISA kit for HCV core antigen detection (Ortho
trak-C assay) was kindly provided by Ortho Clinical Diagnostics
(Raritan, NJ, USA). ‘Free’ non-enveloped HCV core protein
determination was carried out. A pretreatment antigen–antibody
dissociation step was performed with detergent-containing
reagents [0·3% TritonX 100; 1,5% 3-((3-cholamidopropyl)-
dimethyl ammonium)-1-propanesulphonate, and 15% sodium
dodecyl sulphate]. One hundred 

 

m

 

l samples were mixed with 50 

 

m

 

l
of dissociating buffer and incubated at 56

 

∞

 

C for 30 min. Samples
were then allowed to cool for 10 min. Duplicate wells coated with

monoclonal antibodies directed to different regions of the HCV
core antigen were incubated with pretreated samples at room
temperature (r.t.) for 60 min under shaking at 900 r.p.m. Antigen–
antibody complexes formed on the microwell surface were
detected by an anticore monoclonal antibody (Fab fragments)
conjugated to horseradish peroxidase (POD) in the second incu-
bation (30 min at r.t., without shaking). Colour was thus devel-
oped with o-phenylenediamine (OPD) and hydrogen peroxide,
and the product was read at 492 nm. Eight quantitative control
calibrations at 0, 1, 1·5, 15, 50, 100, 200 and 800 pg/ml were
included in the same kit to generate a calibration curve. The cal-
ibrators did not undergo the pretreatment step.

In each run the assay was validated if the following criteria
were met: blank well with OD 

 

<

 

 0·030; standard level 0 with
OD 

 

<

 

 0·050; standard level 100 with OD 

 

>

 

 0·900. Each reactive
sample was accepted if confirmed in a separate test. Specificity of
the reaction included the following controls: a panel of 20 well-
characterized normal subjects; five HBsAg chronic carriers with
histologically proven chronic hepatitis; four patients with rheu-
matoid arthritis and high levels of rheumatoid factor activity; two
with autoimmune chronic active hepatitis. Furthermore, HCV-
related recombinant proteins (E1, E2, NS3, NS4, NS5; kindly

 

Table 1.

 

Epidemiological, histological, virogical, laboratory and clinical 
characteristics of the 32 cryoglobulinaemic patients

Epidemiology
Sex: M/F (ratio) 7/25 (0·28)
Mean age (years) 57 

 

± 

 

11
Presumed duration of disease (years) 7 

 

± 

 

6
Blood/blood product transfusion (%) 18 (56·2)

Liver histology
Chronic active hepatitis (%) 30 (93·7)
Inflammation index 5·4 

 

± 

 

2·6
Fibrosis index 2·9 

 

± 

 

1·6
Cirrhosis (%) 2 (6·3)

Virology
Serum HCV RNA (IU/ml) 419 800 

 

± 

 

293,600
HCV genotype:

1b (%) 14 (44)
2a/2c (%) 18 (56)

Anti-HCV (%) 32 (100)
HBsAg 0
Anti-HIV 0

Laboratory
Cryocrit (%) 13 

 

± 

 

22
Rheumatoid factor activity (n.v. 

 

£ 

 

40 IU/ml) 520 

 

± 

 

1103
Monoclonal component IgMk (%) 32 (100)
Immunoglobulins (mg/dL)

IgM (n.v. 40–230) 422 

 

± 

 

291
IgG (n.v. 700–1600) 1320 

 

± 

 

531
Complement fractions (mg/dL)

C3 (n.v. 93–188) 116 

 

± 

 

32
C4 (n.v. 15–48) 10 

 

± 

 

7
ALT levels (n.v. 

 

£ 

 

30 IU/l) 68 

 

± 

 

31

Clinical signs (%)
Arthralgia 31 (96·8)
Cutaneous vasculitis 25 (78·1)
Peripheral neuropathy 19 (59·4)
Raynaud’s phenomenon 6 (18·7)
Renal failure 5 (15·6)
Nephrotic proteinuria 2 (6·2)
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provided by Dr S. Moroney, Ortho Clinical Diagnostics) at a con-
centration of 1 ng/ml were included. In all cases OD was found
below that of calibrator at 1 pg/ml (0·044 

 

±

 

 8; mean 

 

±

 

 s.d.).

 

Chromatographic studies

 

Gel filtration was carried out with a Pharmacia (Uppsala, Swe-
den) automated fast-protein liquid chromatography system on a
Superose 6 column (30 

 

¥

 

 1·0 cm, i.d.). Two hundred 

 

m

 

l of redis-
solved cryoprecipitates were injected and eluted with 150 m

 

M

 

NaCl, 50 m

 

M

 

 phosphate buffer (pH 7·2) or with 0·2 

 

M

 

 acetate
buffer (pH 4·5) at 37

 

∞

 

C. Total protein was monitored at 280 nm.
IgG, IgM and RF activity were monitored by a Behring
nephelometer (Dade Behring, Marburg, Germany).

 

Isolation of specific immune complexes from HCV core protein 
coupled to CNBr-Activated Sepharose 4B

 

Cyanogen bromide (CNBr)-activated Sepharose 4B (Pharmacia)
swollen in 1 m

 

M

 

 HCl was washed on a sintered glass filter and
rewashed with coupling buffer (0·1 

 

M

 

 sodium bicarbonate, pH 8·5,
containing 0·5 

 

M

 

 sodium chloride). Recombinant HCV core pro-
tein (aa 1–120, kindly provided by Dr S. Moroney, Ortho Clinical
Diagnostics) was dissolved in coupling buffer at a final concen-
tration of 5 mg/ml and immediately added to CNBr-activated
Sepharose 4B. The suspension was incubated overnight at 4

 

∞

 

C
during gentle end-over-end rotation. Residual active groups of
CNBr-activated Sepharose 4B were blocked with 0·2 

 

M

 

 glycine,
pH 8·0, for 2 h at r.t. Excess uncoupled proteins were washed off
with coupling buffer followed by acetate buffer (0·1 

 

M

 

, pH 4·0,
containing 0·5 

 

M

 

 sodium chloride). The blocking agent was then
washed away by extensive use of the coupling buffer. CNBr-
activated Sepharose 4B gel was packed into a chromatographic
column and equilibrated with coupling buffer. One hundred 

 

m

 

l of
redissolved cryoprecipitate was mixed with an equal volume of
phosphate buffered saline (PBS) and applied on the top of the
column. After extensive washing, immunoadsorbents were eluted
with glycine-HCl buffer (0·1 

 

M

 

, pH 2·5). The final eluates were
pooled, concentrated and buffer replaced with PBS.

 

Slot-dot blotting

 

Aliquots of dialysed against PBS were dotted onto PVDF mem-
brane strips (Millipore Product Division, Bedford, MA, USA) at
a concentration of 100 ng protein each. The PVDF strips were
then blocked with 5% skimmed milk at 21

 

∞

 

C for 2 h and incu-
bated subsequently with AP-conjugated goat antihuman IgG,
IgM antibodies (Dako, Copenhagen, Denmark) and a mouse
monoclonal antibody against 17·109 XId (anti-17·109 XId
MoAb). This antiserum, kindly provided by Dr D. Carson (San
Diego, La Jolla, CA, USA) is directed against 17·109 antigen, an
l-chain-associated XId expressed on human RFs of type I. The
17·109 epitope is present on human IgM, and not on IgG or IgA
lacking RF activity. It is expressed weakly on isolated kappa-chain
tryptic peptides [31].

 

ELISA for anti-HCV core reactivity

 

ELISA for anti-HCV core antibodies was performed on purified
chromatographic fractions. Recombinant HCV core protein was
adsorbed passively to microtitre plates at a concentration of 1 

 

m

 

g/
ml in 0·05 

 

M

 

 sodium carbonate buffer pH 9·6. Samples were added
at dilution of 1 : 10 in PBS with 0·05% Tween 20 and 1% bovine
serum albumin. Bound IgG or IgM was indicated by incubation
with mouse antihuman IgG or IgM Fab fragments conjugated

with POD (Dako). The plates were then developed by addition of
the substrate OPD and by hydrogen peroxide.

Only reactions exceeding by more than 3 s.d. the mean OD of
anti-HCV negative sera (

 

n

 

 

 

=

 

 40) at 492 nm were regarded as reac-
tive. The 3 s.d. assured a high specificity that was corroborated
further by an avidity test. Increasing amounts of core protein
(1 ng/ml

 

-

 

1 mg/ml) were added to the wells before samples. The
mixtures were incubated for 60 min at 37

 

∞

 

C and developed as
described above using the conjugate and the substrate. All sam-
ples tested for inhibition were used at the same Ig concentration
(0·5 mg/ml). This approach allowed us to define specific inhibition
of the reaction with core protein, whereas no significant changes
were obtained by using either HCV-related (E1, E2, NS3, NS4,
NS5) or unrelated (HBs or HBc) proteins.

 

Measurement of immunological parameters

 

Concentrations of IgM, IgG, C3 and C4 fractions, RF activity
(Olympus Diagnostics GmbH, Hamburg, Germany), IgG1, IgG2,
IgG3 and IgG4 subclasses (NAS IgG1-4, Dade Behring), C1q and
C1q binding activity (N Latex CIC, Dade Behring) were mea-
sured by nephelometry.

 

Virological parameters

 

HCV RNA in serum samples, supernatants and cryoprecipitates
was determined using a reverse transcription–polymerase chain
reaction (RT-PCR) test (Amplicor HCV, Roche Diagnostic Sys-
tems Inc., Branchburg, NY, USA) and quantified with the Quan-
tiplex HCV RNA kit (Chiron Corp., Emeryville, CA, USA) based
on a quantitative branched DNA signal amplification assay [32].

HCV genotypes were determined with the line probe assay
(Inno-LIPA HCV, Innogenetics N.V., Zwijnaarde, Belgium). This
identifies HCV types and subtypes. Measures to prevent contam-
ination were used at all times [33]. HCV antibodies were assayed
with a second generation ELISA and confirmed by recombinant
immunoblotting assay (Ortho Clinical Diagnostics).

 

Liver histology

 

Biopsy specimens were evaluated under code by the pathologist
who established the histological diagnosis. Scheuer’s criteria [34]
were used to define both the grade of inflammation and the stage
of fibrosis. Liver disease was considered mild when the histolog-
ical index score was equal to or lower than 4, and severe when it
was higher.

 

Cryoprecipitate preparation

 

Blood samples were kept ar 37

 

∞

 

C for 2 h in a glass tube. After
centrifugation for 20 min at 4000 r.p.m. (LKB Bromma 2161
Midispin) at r.t., sera were stored at 4

 

∞

 

C for 7 days. The cryopre-
cipitate was separated by centrifugation for 30 min at 4000 r.p.m
and 4

 

∞

 

C. A Wintrobe tube was used to quantify the cryocrit as
the percentage of the total volume. After separation, cryoglobu-
lins were washed five times with cold PBS. After the last wash,
the cryoprecipitate was resuspended in 0·2 ml of PBS containing
Trasylol (100 U/ml) and sodium azide (0·2% w/v) and redis-
solved at 37

 

∞

 

C. Cryoprecipitates were kept at 

 

-

 

70

 

∞

 

C until use.
Cryoprecipitates diluted in 0·5 

 

M

 

 NaCl were fractionated by
high-resolution gel electrophoresis to type cryoglobulins. Indi-
vidual monoclonal bands were identified by immunofixation
after electrophoretic separation, using a cellulose acetate strip
impregnated with antibodies specific for heavy and light chains
(Dako).
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Statistical analyses

 

Differences between data were expressed as mean 

 

±

 

 s.d. and eval-
uated by Mann–Whitney 

 

U

 

-test and Fisher’s exact test, with

 

P

 

 

 

<

 

 0·05 as the significance cut-off.

 

RESULTS

 

All patients were evaluated prior to therapy. Their epidemiolog-
ical, histological, virological and clinical data are set out in
Table 1. Circulating non-enveloped HCV core protein was found
in 30 of 32 (93·7%) unfractionated sera of the present series.
According to the calibration curve, its mean level was
255·5 

 

±

 

 176·8 pg/ml. Regression analysis failed to reveal a direct
relationship between circulating HCV core protein levels and cry-
ocrit values (

 

r

 

 

 

=

 

 0·1).
Analysis of distribution of HCV core protein and HCV RNA

sequences in the cryoprecipitates and corresponding supernatants
is shown in Table 2. HCV core protein was detected in all cryo-
precipitates, but in only 18 (60%) supernatants. Mean levels of
non-enveloped HCV core protein in the cryoprecipitates were sig-
nificantly higher than in the supernatants (318·5 

 

±

 

 194 

 

versus

 

86·4 

 

±

 

 96·7 pg/ml, respectively; 

 

P

 

 

 

=

 

 0·003). A similar behaviour was
demonstrated for HCV RNA genomic sequences. Mean levels in
the cryoprecipitates (1789 313 

 

±

 

 2341 818 IU/ml) differed signifi-
cantly from those in the supernatants (284 809 

 

±

 

 426 987 IU/ml)
(

 

P

 

 

 

=

 

 0·02). However, no obvious relation was found between levels
of non-enveloped HCV core protein and those of HCV RNA
sequences in the cryoprecipitates (

 

r

 

 

 

=

 

 0·27).
As determined with the reference curve, the detection thresh-

old of the ELISA system was 1 pg/ml. Each specimen was tested

in duplicate and its reactivity was confirmed in a separate assay.
Reproducibility was also defined by a control study performed to
verify the possible core protein shedding through virion degrada-
tion in the cryoprecipitates during a long storage period at 4

 

∞

 

C. As
reported in Fig. 1, stable results were obtained in 10 purified cryo-
globulins stored for at least 3 months.

Assessment of the test specificity was also carried out. HCV
core protein and HCV RNA sequences were determined in cry-
oprecipitates and supernatants of HCV-negative cryoglobuli-
naemic patients. In none of them (three patients with ‘essential’
type II MC, two with HIV-positive type III MC, two with HBV-
positive type III MC, five with Waldenström’s macroglobuli-
naemia and five with IgG multiple myeloma) were non-enveloped
HCV core protein and HCV RNA sequences detected.

Immunological parameters in the cryoprecipitates and corre-
sponding supernatants are reported in Table 3. Despite similar
IgM mean levels in the two phases of serum samples
(195·4 

 

±

 

 132·8 mg/dl in cryoprecipitates and 194·3 

 

±

 

 217·2 mg/dl in
supernatants), a significantly higher concentration of RF activity
in the cryoproteins (508·1 

 

±

 

 341·2 IU/ml) compared with superna-
tants (309 

 

±

 

 288·9 IU/ml) was noted (

 

P

 

 

 

=

 

 0·01). In sharp contrast,
total IgG and IgG subclasses were enriched in the supernatants as
compared with cryoprecipitates. A different distribution was
indeed found for total IgG (1219·8 

 

±

 

 473·7 

 

versus

 

 85 

 

±

 

 138·2 mg/
dl, 

 

P

 

 

 

<

 

 0·005) and for IgG1 (954·6 

 

±

 

 370 

 

versus

 

 91·8 

 

±

 

 112·5 mg/dl,

 

P

 

 

 

<

 

 0·001), IgG2 (280·3 

 

±

 

 70 

 

versus

 

 21·5 

 

±

 

 18·9 mg/dl, 

 

P

 

 

 

<

 

 0·001),
IgG3 (42 

 

±

 

 30·7 

 

versus

 

 7·1 

 

±

 

 5·3 mg/dl, 

 

P

 

 

 

=

 

 0·002), and IgG4
(36·8 

 

±

 

 47 

 

versus

 

 23·4 

 

±

 

 15·5 mg/dl, 

 

P

 

 = 0·04), indicating that a lim-
ited number of IgG molecules are involved in cryoprecipitation.
The discrepancy we found between total IgG and IgG1 subclass in
the cryoprecipitates may suggest that IgG have possibly been

Table 2. Levels of non-enveloped HCV core protein and HCV RNA sequences in supernatants and cryoprecipitates

Non-enveloped ‘free’ HCV core protein HCV RNA sequences

Positive (%) Negative (%) Mean ± s.d. (pg/ml) Positive (%) Negative (%) Mean ± s.d.  (IU/ml)

Supernatants (30) 18 (60) 12 (40) 86·4 ± 96·7 
P = 0·003

28 (93·3) 2 (6·7) 284 809 ± 426 987 
P = 0·02

Cryoprecipitates (30) 30 (100) 0 318·5 ± 194 30 (100) 0 1789 313 ± 2 341 818

Fig. 1. Time-related effect on the detection of non-enveloped HCV core
protein in the cryoprecipitates maintained at 4∞C.

0 1 2 3

100

200

300

400

Months Table 3. Immunological parameters in cryoprecipitates and supernatants

Cryoprecipitates Supernatants P

IgM (mg/dl) 194·3 ± 217·2 195·4 ± 132·8 n.s.
RF activity (IU/ml) 508·1 ± 341·2 309 ± 388·9 = 0·01
IgG (mg/dl) 85 ± 138·2 1219 ± 473·7 <0·005

Subclasses (mg/dl)
IgG1 91·8 ± 112·5 954·6 ± 370 <0·001
IgG2 21·5 ± 18·9 280·3 ± 70 <0·001
IgG3 7·1 ± 5·3 42 ± 30·7 = 0·002
IgG4 23·4 ± 15·5 36·8 ± 47 = 0·04

C3 (mg/dl) 2 ± 3·3 127·3 ± 44·9 <0·001
C4 (mg/dl) 0·06 ± 0·25 10·6 ± 11·2 <0·001
C1q (mg/dl) 49 ± 37·4 5·5 ± 6·8 <0·001
C1q binding activity 6·5 ± 9·1 1·2 ± 1·5 = 0·03
(Agg IgG  mg/ml)
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underestimated. Indeed, due to the nature of the samples,
nephelometry may define overlapping values for these parame-
ters in the cold-precipitated proteins. A slight, although not sig-
nificant, enrichment of IgG4 was noticed in the cryoprecipitates.

Complement-related factors were also considered. C3 and C4
fractions were significantly lower in the cryoprecipitates than in
the supernatants (2 ± 3·3 versus 127·3 ± 44·9 mg/dl, P < 0·001 and
0·06 ± 0·25 versus 10·6 ± 11·2 mg/dl, P < 0·001). In contrast, C1q
and C1q binding activity, which reflects the ability of ICs to inter-
act with C1q protein, were significantly higher in the cryoprecip-
itates (49 ± 37·4 versus 5·5 ± 6·8 mg/ml, P < 0·001 and 6·5 ± 9·1
versus 1·2 ± 1·5 mg/ml, P = 0·03, respectively).

To characterize HCV core protein-containing ICs, three sam-
ples reactive to this protein in both supernatant and cryoprecipi-
tate were purified and fractionated on a Superose 6 column at
37∞C. The elution profile of HCV nucleocapsid protein was
defined and compared to IgG, IgM and RF activity. Non-
enveloped core protein consisted of a single peak which was
eluted soon after peak 1. The elution profile of the same sample
under dissociating conditions, shown in Fig. 2b, indicates that
non-enveloped core protein was eluted soon after the IgG-
containing fractions.

Fractions corresponding to each peak were pooled, concen-
trated by ultrafiltration and changed to PBS under extensive
dialysis. The peaks containing IgM and IgG, respectively, were
tested for anti-HCV core reactivity as well as for RF activity.
Results showed that peak 1 had RF activity and no anticore
reactivity, whereas peak 2 displayed anticore reactivity and no
RF activity. The specificity of anti-HCV core protein reactivity of
IgG molecules was assessed by ELISA. Addition of increasing
amounts of HCV core protein resulted in the suppression of
their binding to the HCV core-sensitized plates, whereas no
changes were noted when irrelevant proteins were used. The
same feature was observed when they were used plates sensi-
tized with anticore antibodies. Pre-incubation of IgG (peak 2)
with purified core protein (peak 3) induced specific inhibition of
the reaction.

Intact IgM-IgG complexes were recovered when passing cry-
oprecipitates through CNBr-activated Sepharose 4B coupled with
HCV core protein. Blotting analyses of the eluates confirmed the
presence of IgG molecules and IgM with RF activity.

Taken together, these data suggest that the structure of these
cryoprecipitable ICs comprises HCV nucleocapsid protein specif-
ically bound to IgG, which in turn is linked to IgM through its Fc
portion.

To assess this conclusion, further experiments were carried
out. Serum samples from three HCV-positive non-cryoglobuli-
naemic patients with consistent titres of circulating HCV core
protein were mixed at 1 : 1 ratio with redissolved HCV-negative
cryoglobulins. After cold storage, cryoprecipitates were purified
and titres of HCV core protein were defined and compared with
supernatants. Results reported in Table 4 demonstrate consistent
enrichment of HCV core protein in the cryoprecipitates, suggest-
ing strongly that its tendency to aggregate and precipitate prob-
ably occurs in the presence of IgM with RF activity. This
assumption was supported convincingly by core protein enrich-
ment of spun down pellets when the same sera were mixed with
serum from a patient with rheumatoid arthritis and high titres of
RF activity. No significant differences were found between pellets
and the upper phases when they were mixed with a normal serum
lacking RF activity.

A further experiment was carried out mixing cryoglobulin-
purified IgM (peak 1) with cryoglobulin-derived HCV nucleo-
capsid protein (peak 3). After overnight incubation at 37∞C,
increasing amounts of purified IgG (peak 2) were added and the
mixture stored in the cold for 7 days. After centrifugation, pellets
and the upper phases were tested for HCV core protein. Results

Table 4. Recovering of HCV core protein after cryoprecipitation from 
HCV-positive sera mixed with HCV-negative samples

HCV non-enveloped core protein
(pg/ml)

(1) (2) (3)

1 HCV-negative cryoglobulins
Supernatant 86 101 53
Cryoprecipitate 262 244 198

2 RF-positive serum
Upper phase 126 110 93
Pellet 194 221 188

3 Normal serum
Upper phase 219 185 156
Pellet 140 156 151

Fig. 2. Elution profile of redissolved cryoprecipitate on Superose-6 gel-
permeation under non-dissociating (a) and dissociating (b) conditions. (1)
IgM peak; (2), IgG peak; (3) HCV core protein peak. Each peak was
collected and studied for RF activity and anti-HCV core reactivity.
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depicted in Fig. 3 showed that cold precipitation of HCV core
protein was correlated directly with the IgG concentration in the
mixture. At concentration of 1 mg/ml of IgG, more than 80% of
core protein was recovered in the pellet. Because purified IgG
had specific anticore reactivity, it can be inferred that cryoprecip-
itation is function of its selective binding to the antigen in the
presence of IgM molecules with RF activity. This was visible in the
dynamics of the curve, in that no HCV core protein was found in
the pellet in the absence or very low concentration of IgG. In
addition, no significant changes occurred when an irrelevant IgG
was added to the system.

DISCUSSION

Cryoglobulins are found frequently in HCV infection [15] and con-
stitute a striking feature in the variegated clinical spectrum of HCV
chronic carriers [35] A typical picture of cryoglobulinaemic vas-
culitis can be recognized in approximately 10% of MC patients,
who are at higher risk of malignant lymphoproliferative disorders,
especially in the Mediterranean basin [36]. This suggests that the
chronic lymphoproliferative process driven by HCV may progress
towards a frank lymphoid neoplasia. However, MC should not be
considered an in situ or occult B-cell lymphoma, in that recent evi-
dence indicates that B-cell clonal expansion does not display the
molecular features of a true neoplastic process [37].

The cryoglobulinaemic syndrome is probably the conse-
quence of a pathogenetic noxa that acts upon the host’s immune
system, resulting in an altered regulation of peripheral immune
response [38]. Cryoglobulins are the product of virus–host inter-
actions, on which interdependent regulators confer biological
activities and potential pathogenicity. Our experiments were set
out to clarify the composition of cold-precipitating ICs and deter-
mine the involvement of HCV core protein as the relevant ligand.

Non-enveloped HCV core protein was detected in the blood-
stream of 93·7% of our 32 type II MC patients and was found to
precipitate by cold-separation of serum samples in most of them.
The selective increase of HCV core protein and HCV RNA prob-
ably reflects the amount of HCV particles and strongly indicates
that both constitute major antigen components of cold-insoluble
ICs.

Regression analysis was not consistent with a direct relation
between their concentrations in the cryoprecipitates. This, pre-
sumably, points to the presence of further viral components and
the heterogeneous composition of ICs with cryoprecipitating
properties. It was therefore not surprising that there was no direct
relation between the amount of cryoprecipitated core protein and
cryocrit levels.

As defined by immunofixation, Ig composition of cold-
insoluble ICs included polyclonal IgG and monoclonal IgM. After
the formation of cryoprecipitates and their removal by centrifu-
gation, essentially half of the total IgM remained in the soluble
fraction, suggesting that there were two or more IgM populations
with different affinity for IgG molecules. Differences in the capac-
ity to cryoprecipitate were also found for IgM RF molecules, in
that almost one-third remained in solution. In contrast, a very
small proportion of IgG molecules were involved in cryoprecipi-
tation. Almost 10% of total IgG were identified in the cryoglob-
ulins, suggesting specific interactions between the Ig components.
All IgG subclasses were represented.

Chromatographic experiments allowed to confirm previous
reports [10], in that cryoprecipitable ICs were composed of IgG
and IgM. In immunoadsorbent experiments, both IgG and IgM
were bound to HCV core protein coupled to CNBr-activated
Sepharose 4B. Because IgM had RF activity and IgG showed
specific reactivity against HCV core protein, it was concluded
that cold-insoluble ICs are formed primarily by IgM RF linked
to IgG, which is in turn bound to HCV core protein. Thus, our
data indicate that HCV core protein is cold-precipitated in the
context of ICs. Cold-dependent insolubility of HCV core pro-
tein seems the result of IgM RF activity, which acts as incom-
plete cryoglobulin, in that it precipitates at low temperature in
the presence of IgG with specific anticore reactivity. The
dynamics of cold-dependent insolubility demonstrates that the
addition of an irrelevent IgG to an IgM RF/HCV core protein
mixture was unable to precipitate the protein. This implies that
a potentially functional RF repertoire may be selected posi-
tively by IgG anticore antibodies. Thus, it can be argued that
cryoprecipitated IgM RFs represent distinct high-affinity mole-
cules directed against preferential self-antigens [39]. Following
their binding and when exposed to cold, RF molecules are sub-
jected to a conformational change that is probably responsible
for their precipitation [40].

Normal mean levels of C3 and C4 in the soluble phase corre-
sponded to very low amounts (if any) in the cryoprecipitate, sug-
gesting the existence of two virtually distinct microenvironments
in which complement is differently activated. Complement is
known to be a major interdependent regulator of IC size and
composition. Complement binding to nascent ICs may decrease
their size and maintain them in solution [30]. Compared with
supernatant, significant differences of C1q and C1q binding
activity were shown in unsolubilized ICs. Efficient engagement
of C1q protein by cryoglobulins may be an important pathoge-
netic mechanism involved in the cryoglobulin-related pathway.
In this context, it has been demonstrated recently that HCV core

Fig. 3. Recovery of HCV core protein after cold-precipitation in the pres-
ence of increasing amounts of IgG with specific anticore reactivity ( ) or
irrelevant IgG (�). HCV core protein was premixed with purified IgM
with RF activity.
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protein interacts directly with the globular domain of C1q recep-
tor (gC1qR) (29). HCV core–gC1qR interaction has been
assumed to play a critical role in modulating the T-cell immune
response [41,42]. HCV core-induced inhibition of the cell
responsiveness may represent a pathogenetic mechanism unable
to suppress B-cell clone(s) which produce RF autoantibodies,
generated by chronic antigen challenge in HCV-related type II
MC [36]. The wide expression of gC1qR on the surface of both
circulating blood cells [43] and endothelial cells [44] may favour
their specific binding to HCV core protein-containing ICs. HCV
core deposition has indeed been reported in the skin [45] and
kidney [18] of MC patients.

In conclusion, our study indicates that non-enveloped HCV
core protein is a constitutive antigen component of cryoglobulins
in HCV-infected patients. Whether this protein is required for
generating cryoglobulin-mediated tissue injury in vivo is being
investigated currently.
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