Clin Exp Immunol 2001; 125:316-322

Occurrence of C-reactive protein in cryoglobulins
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SUMMARY

A previous case report described the formation of a complex between a monoclonal IgA with cryolabile
properties and C-reactive protein (CRP). Our study provides the first evidence for the frequent
occurrence of CRP in cryoglobulins (Cg) of all three types according to Brouet’s classification. We
performed a systematic immunochemical analysis of cryoglobulins from 18 patients by Western blotting
and in 15 of 18 cryoprecipitates a single band (23 KD), immunoreactive with anti-CRP antibody, was
demonstrable irrespective of the clonal composition of the cryoglobulins. This band was detectable in
4/5 of type 1, in 6/8 of type II, and in 5/5 of type III cryoprecipitates, classified according to Brouet et al.
In addition, the complement proteins Clq and C3 were present in nearly all CRP-containing
cryoglobulins, presumably reflecting previous activation of the classical complement pathway at least.
All three CRP-negative cryoprecipitates were derived from sera with low cryoglobulin content (1-2 g/1).
Longitudinal investigation of 23 cryoprecipitates from seven patients confirmed that successful detection
of CRP by Western blotting depends on the protein concentration of the cryoglobulins. Since complexed
CRP was previously shown to be an effective activator of complement, via Clq binding, CRP may

modulate pathophysiologic effects mediated by cryoglobulins in vivo.
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INTRODUCTION

Cryoglobulins (Cg) are serum proteins that reversibly precipitate
at low temperatures. On the basis of their immunoglobulin
composition Cg can be classified into three types, according to
Brouet et al. [1]. Type I Cg consists of a monoclonal component
alone, type II is a mixture of monoclonal and polyclonal
immunoglobulins, and type III consists of a mixture of polyclonal
immunoglobulins of different isotypes. In both type II and III Cg
polyclonal IgG is bound to another immunoglobulin, which acts as
an anti-IgG rheumatoid factor (RF). Cryoglobulinaemia occurs in
the presence of immunoproliferative diseases, autoimmune
disorders and various infections, especially chronic hepatitis C
virus infection (HCV) [2,3]. Cg may lead to immune complex
vasculitis due to precipitation of Cg in small vessels, leading to
their deposition in the vessel walls and the subsequent infiltration
of neutrophils and mononuclear cells. As a result of systemic
vasculitis Cg can cause a variety of clinico-pathological
symptoms, such as vascular purpura, arthralgias, weakness,
neuropathy or glomerulonephritis. The occurrence of vasculitis
seems to correlate with the capacity of Cg to activate complement
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rather than the Cg level [3]. It is likely that some of the
pathological consequences of mixed Cg depend on the composi-
tion of the immune complexes [4]. Several studies have shown
that Cg may also bind proteins other than Ig, e.g. complement (C)-
factors [5,6], fibronectin [7], lipoproteins and bacterial or viral
antigens [reviewed in 8 and 9]. However, these interactions
between the cryolabile immunoglobulins and other components of
Cg are not well understood.

C-reactive protein (CRP) is the major acute-phase protein in
humans, the serum concentration of which increases dramatically
during infections or tissue damage of other causes. This rise in
CRP concentrations is the consequence of an increased transcrip-
tion rate of the CRP gene in hepatocytes after stimulation by
proinflammatory cytokines, such as interleukin 6, interleukin 1
and TNFa [10]. Structurally, CRP is a non-glycosylated,
macromolecular protein (molecular weight: 115 135 D) which is
composed of five identical, non-covalently linked subunits each of
a molecular weight of 23 027 D (206 amino acids). The biological
function of CRP is still unknown, yet it is generally believed to be
related to its ability to recognize foreign pathogens or products of
damaged autologous cells via its broad spectrum recognition
functions. Due to its reactivity with the complement system, CRP
can participate in humoral and cellular inflammatory reactions and
host defence [11-13]. As demonstrated originally by Kaplan and
Volanakis [14], CRP activates the classical pathway of complement
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(C) when bound to appropriate ligands. Such ligands include
phosphorylcholine-containing substances such as pneumococcus
type C polysaccharide (CPS), cholesterol emulsions containing
lecithin or sphingomyelin, certain polyanions including deoxyr-
ibonucleic acids (DNA) as well as histones, to which CRP binds in
a calcium-dependent manner. In addition, a variety of cationic
substances interact with CRP in the absence of calcium [11,13].
CRP-mediated C-activation is initiated by binding of one
molecule Clq to two adjacent CRP molecules associated with a
ligand. The interaction between CRP and C1q results in activation
of the classical C-cascade, leading to complement consumption,
C-dependent opsonization and clearance reactions as well as to the
haemolysis of CPS-coated red blood cells or lysis of liposomal
membranes [11-13].

We have reported recently on the usage of HEp-2 cell
monolayers to test CRP-mediated C activation in sera [15]. The
sequential activation cascade starting with CRP followed by Clq,
Clr, Cls, C4 and C3 could be visualized easily on HEp-2 cells by
indirect immunofluorescence. It was shown that the binding of the
classical C components occurred in the same speckled nuclear
pattern, as was demonstrated earlier for CRP [15-17]. When
tested in the HEp-2 cell assay some normocomplementemic sera
of patients with elevated CRP levels showed incomplete CRP-
mediated C activation, ending with Cls. Most of these sera had
been obtained from patients with bacterial endocarditis (BE) [15],
which are known to contain both circulating immune complexes
(CIC) and Cg [18]. In our initial experiments, we made the
surprising discovery that isolated Cg from these sera produced a
speckled nuclear immunofluorescence pattern on HEp-2 cell
monolayers when stained with anti-CRP antibodies (Fig. 1). This
observation suggested that CRP may be contained in Cg. In the
literature we found one previous case report, describing complex
formation between a monoclonal IgA cryoprotein and CRP [19].
Our results reported here present further immunochemical
evidence for the presence of CRP in most circulating Cg.

MATERIALS AND METHODS

Sera and reagents
Native serum samples were immediately frozen and stored at

Fig. 1. CRP-specific reactivity (speckled nuclear pattern) of a pure
monoclonal cryoglobulin (IgM/A) on HEp-2 cells by indirect immuno-
fluorescence. Staining by rabbit antihuman CRP followed by FITC-
conjugated swine antirabbit Ig (see text for details).

either — 20°C (2 weeks) or at — 70°C (more than 2 weeks). CRP,
C3 and C4 concentrations in the sera were routinely determined
by laser nephelometry (Behring, Germany). Total haemolytic C
activity (CH 50) in the sera was measured routinely according to a
previously published method [20]. The complement split product
C3d was measured as previously described in fresh EDTA plasma
[21].

Purified human CRP (purity >99% in SDS-PAGE) was
purchased from Calbiochem, USA (lots 367892, 901733, B09444;
protein concentration: 1 mg/ml).

Preparation and classification of cryoglobulins

Twenty ml venous blood was taken at a minimum of 12 h after
the last meal and transported at 37°C to the laboratory. After
centrifugation serum was collected, incubated at 20°C and 4°C for
1 day each and examined after 2 and 24 h for cryoprecipitation.
Cg were washed six times with 0-9% saline to separate the
cryoprecipitates from adhering proteins. Contamination of Cg
with serum proteins, particularly albumin, was excluded by
immunofixation. The immunoglobulin composition of the purified
Cg was estimated by immunofixation (Paragon Beckmann) and
immunoelectrophoresis using poly- and monospecific antisera [3].
Protein concentration in Cg was estimated by diluting aliquots of
Cg in 0-1 M NaOH and reading the absorbance in a spectro-
photometer at 280 nm [22]. The values were derived from a
standard curve using purified human gamma globulin (Polyglobin
N® from Bayer, Germany). Cg were stored at — 20°C until use.

Indirect immunofluorescence on HEp-2 cells
Immunofluorescence on HEp-2 cells was performed as described
previously [15]. Monolayers of acetone-methanol fixed HEp-2
cells were obtained from Pasteur/Kallestad, USA. Veronal
buffered saline, pH 7-2 (VBS) containing Ca>"/Mg>" (BioMer-
ieux®, France) was used for dilution of reagents and all washing
procedures. Cell slides were incubated with Cg prewarmed at
37°C (1 : 10 dilution in VBS) for 20 min followed by washing in
buffer for 15 min. Cells were routinely stained by a two-step
reaction with a non-conjugated primary antibody (rabbit antihu-
man CRP, Dako, Denmark) followed by a species-specific FITC-
conjugated secondary antibody (swine antirabbit Ig from Dako).
In control experiments the following antibodies were applied:
(F(ab’),)-sheep antihuman CRP (primary antibody) and FITC-
conjugated (F(ab’),)-swine antisheep IgG (secondary antibody),
both from the Binding Site Laboratory (Heidelberg, Germany).
Primary and secondary antibodies were usually incubated at 1 : 10
dilutions in VBS for 20 min and washed as indicated above. The
slides were examined with a fluorescence microscope (Axioskop-
20, Zeiss, Germany) under oil immersion (magnification 1000-
fold). Photographs were automatically exposed on Kodak 400
Ektachrome films.

Western blotting

Sodium dodecyl sulphate (SDS) electrophoresis and subsequent
Western blotting were carried out according to Laemmli [23] and
Towbin and Staehelin [24]. Continuous 11% or 12% polyacryla-
mide running gels were prepared in 0-385 M Tris-HCI (pH 8-9)
containing 0-1% SDS. The 4-5% stacking gels were prepared in
0-125 M Tris-HCI (pH 6-7) containing 1% SDS. Washed Cg were
disolved in distilled water before measuring the protein concen-
tration. Samples were diluted 1:1 in SDS sample buffer
(0-0625 m Tris-HCl (pH 6:7), 20% glycerol, 4% SDS, 10%
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B-mercaptoethanol, 0-004% bromphenol blue) and boiled for
5 min. Proteins were separated at 4°C in electrode buffer (0-05 m
Tris, 0-3 M glycine, 0-1% SDS) using a minivertical slab gel
apparatus (BioRad Laboratories, USA). To estimate molecular
weights, two protein standards were used (prestained marker,
Sigma, USA and low molecular weight marker (LMW) stained
with Ponceau SS, Sigma, USA). Electrotransfer of proteins to
nitrocellulose sheets (Schleicher & Schiill, BA 083, 0-45 wm pore
size) was performed at a constant potential of 100 V in transfer
buffer (0-025 M Tris, 0-192 M glycine, 20% (v/v) methanol, 0-1%
SDS, pH 8,3) using a BioRad trans-blot cell. After transfer the
nitrocellulose membrane sheets were blocked with 4% BSA for
2 h, and incubated for 60 min with one of the following
antihuman antisera: rabbit anti-CRP, rabbit anti-C1lq and rabbit
anti-C3c antibodies (all from Dako) diluted 1 : 100 in 4% BSA.
The sheets were washed six times in washing buffer (PBS-BSA
with 0-03% Tween 20) for 30 min. Peroxidase conjugated
antirabbit 1gG F(ab’), fragment (Dianova, Germany), diluted
1:200 in washing buffer (PBS-BSA-Tween), was added for
30 min followed by six washings for 5 min in buffer. Alter-
natively, direct detection of CRP was performed with peroxidase-
conjugated sheep (F(ab’),) antihuman CRP (The Binding Site)
diluted 1 : 50 in 4% BSA and incubated for 45 min. Blots were
developed with substrate solution (3-amino-9-ethylcarbachol).
The reaction was stopped with 7% acetic acid.

Quantitative measurement of CRP in Cg
To estimate the CRP concentration in Cg, an enzyme-linked
immunoassay (ELISA) and an immuno-turbidimetric method
were applied. The ELISA assays followed the procedures
previously described by Highton and Hessian [25] with minor
modifications Ninety-six-well plastic microtitre plates (Greiner
immunoplate F) were coated with rabbit antihuman CRP (protein
concentration 8-3 mg/ml; Dako) or sheep (F(ab’),) antihuman
CRP (protein concentration 5 mg/ml; The Binding Site) for
90 min at 37°C in bicarbonate buffer pH 9-6. Antisera were added
as 200 w1 aliquots, diluted 1/300 or 1/500 for F(ab’), fragments
and 1/1000 for the whole antisera, respectively. The wells were
then treated for 60 min at 37°C with 200 w1 of VBS containing
1% bovine serum albumin (VBS-BSA, ICN, Germany). There-
after, the plates were washed three times in VBS-BSA containing
0-05% Tween 20 (VBS-BSA-T). Cg were solubilized at 37°C for
30 min, diluted 1 : 10 in VBS-BSA and added as 200 w1 aliquots
in duplicate wells. The plates containing diluted Cg, CRP standard
and buffer controls were incubated for 90 min at 37°C, followed
by three washing steps. Peroxidase conjugated antisera (HRP-
sheep F(ab’), antihuman CRP; protein concentration 1 mg/ml,
The Binding Site Laboratory) were diluted 1/300 in VBS-BSA
and 200 pl were added to each well. Following another 90-min
incubation at 37°C the plates were washed in VBS-BSA-T and
100 wl of substrate o-phenylendiamine (OPD; Dako) were added.
The substrate was dissolved in 0-04 M Tris-HClI and 0-15 m NaCl,
pH 7-6. The enzyme reaction was terminated after 30 min by
addition of 50 ul of 3 M HCI. Absorbance at 490 nm was read in
a Dynatech ELISA reader. Standardization of the assay was
achieved using a purified CRP standard solution (Calbiochem)
containing a CRP concentration of 1 mg/ml. Duplicate standard
dilutions from 1 wg/ml to 0-001 wg/ml were employed to
establish standard curves (linearity from approximately 0-1 wg/
100 ml—2 wg/100 ml).

CRP concentrations of Cg were also estimated with an

immuno-turbidimetric assay (LaboTest, C-Reaktives Protein,
Super Sensitiv, LaboMed, Waldkirch, Germany) with a sensitivity
down to 5 wg CRP/100 ml. For this approach Cg were washed six
times with 0-9% saline or with veronal buffered saline (VBS),
pH 7-2 containing 10 mm EDTA [20].

RESULTS

Clinical data of cryoglobulinaemic patients

The clinical characteristics of the 18 cryoglobulinaemic patients
under study are presented in Table 1. Four of the five patients with
cryoglobulinaemia type I had immunocytomas (NHL) producing
monoclonal immunoglobulins of the IgM class; the fifth patient
(No. 1) had a monoclonal gammopathy of undetermined origin.
Eight patients had mixed cryoglobulinaemia type II and five
patients type III. Cg of type II consisted of a mixture of polyclonal
IgG with varying monoclonal constituents, predominantly of the
IgM isotype (n = 6). Cg of type III consisted of polyclonal IgG
and IgM. Associated diseases in mixed cryoglobulinaemia were
malignant lymphomas (n = 4), hepatitis C virus infection
(n = 5), chronic hepatitis B virus infection (n = 2), streptococcal
endocarditis (n = 2) and septic skin abscesses (n = 1). Patient no.
7 had liver cirrhosis and hepatocellular carcinoma due to chronic
hepatitis B virus infection. In only one patient (no. 18) could no
underlying cause for the cryoglobulinaemia be detected. Clinically
the majority of patients presented either with cutaneous vasculitis,
glomerulonephritis or polyneuropathy. Two patients (nos. 14, 15)
were asymptomatic.

Detection of CRP in a monoclonal cryoglobulin by indirect
immunofluorescence on HEp-2 cells

A cryoprecipitate from a 74-year-old female patient (S.L.),
presenting with cutaneous vasculitis, was isolated from serum
by cold precipitation and extensive washing, as described under
Methods. Macroglobulinaemia Waldenstrom (IgM/1) was diag-
nosed and the isolated Cg, containing exclusively the same
monoclonal IgM/A as found in the serum, was classified as type I
according to Brouet er al. [1]. After incubation of the prewarmed,
resolubilized Cg on HEp-2 cell monolayers, the characteristic
speckled pattern of immunofluorescence was obtained when
stained for CRP by indirect immunofluorescence (Fig. 1). This
reactivity was also observed with Cg from several patients with
type II and type III Cg. False positive binding of antibodies by
rheumatoid factor activity in the IgM Cg was excluded by using
F(ab’),-preparations of primary and secondary antibodies.

Analysis of CRP and complement factors in cryoglobulins by
Western blotting

When purified CRP was tested by Western blotting, a single band
(23 kD) corresponding to the subunit of CRP was seen [26].
Bands of the same molecular weight were obtained with Cg after
staining with CRP-specific antibodies (Fig. 2). Staining for Clq in
Cg by Western blotting produced two bands: a stronger one at
26-5 kD and a weaker one at 24 kD (data not shown). As was
previously demonstrated [27], the 26-5 kD band represented a
combination of the A and B chains and the 24 kD band
corresponds to the C chain of the Clq molecule, respectively.
Staining of blotted Cg for C3 always revealed several bands under
the experimental conditions used. The simultaneous occurrence of
three bands with molecular weights of 75 kD (8 chain of C3),
43 kD and 40 kD (fragments of the «a chain of C3), respectively,
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Table 1. Clinical features and associated diseases in 18 cryoglobulinaemic patients

Type of cryoglobulin

Clinical manifestations

Underlying diseases

Patient
no. Sex Age Ig 1 Ig2 Skin Kidney PNP CNS Arthr. Raynaud NHL HBs-Ag HCV-antibody HCVRNA Other Therapy
1 f 59 Gk - + (+) - - - - - - - none
2 f 67 MAi - + - + - + - + - - - P
3 f ol Mk - - - - + - + + - - - C(o) + P
4 m 42 Mk - + - - + - - + - - - COP
5 f 74 MA - + (+) - - - - + - - - C(o) + P
6 m 36 Ak polyG + - - - + - - + - - Aza
7 f 83 Gk polyG - + - - + - - + - - Cb) + P
8 m 38 Mk polyG - + - - - - Nt - + - None
9 f 39 Mk polyG + + + - + - + - + - C(b) + P, PP
10 f 66 Mk polyG - - - - + + + - - - C(o) + P
11 m 73 Mk polyG + - + - - - + - + + P
12 f 81 Mk polyG + (+) + + + + Nt - + + C(o) + P
13 f 65 MA polyG - - - + + - + - - - C(o) + P
14 m 51 polyG polyM - - - - - - Nt - - - BE Ab
15 f 37 polyG polyM - - - - - - Nt - - - BA Ab
16 m 60 polyG polyM + * - - - - - Nt - - - BE Ab
17 f 49 polyG polyM + + - - - - Nt - + + PP
18 f 80 polyG polyM - - + - - + - - - - P

Skin, skin involvement, e.g. purpura; Kidney: (+, acute or chronic renal failure; (+), microhaematuria or proteinuria <2 g/d, no renal failure); PNP,
polyneuropathy; CNS, central nervous system (cerebral symptoms due to hyperviscosity (nos. 3, 4 & 13), apoplexy (no. 12); Arthr., arthralgia, arthritis;
Raynaud, Raynaud’s phenomenon; NHL, non-Hodgkin’s lymphoma: +, bone marrow biopsy positive for NHL; —, biopsy negative for NHL; Nt, biopsy not
performed; HBs-Ag, hepatitis B surface antigen; HCV antibody, antibody against hepatitis C; C, cyclophosphamide (o, oral; b, bolus); P, prednisone; Aza,
azathioprine; COP, cyclophosphamide, vincristin, prednisone; PP, plasmapheresis; Ab, antibiotics; BE, bacterial endocarditis; BA, bacterial skin abscesses;
* Purpura fulminans. Cryoglobulins are listed in the table according to their type in Brouet’s classification [1].

was regularly seen in positive cases, whereas the presence of an
additional, smaller band (e.g. 27 kD) was variable (data not
shown). These bands have previously been identified as
characteristic split products of the C3 molecule [28].

Search for CRP, Clq and C3 in cryoglobulins

Isolated Cg from the 18 patients were analysed for the presence of
CRP and the complement factors C1q and C3 by Western blotting.
A summary of the results is presented in Table 2. CRP was
detected in 15 of 18 Cg, irrespective of immunoglobulin
composition or Brouet’s classification type. Two of the three
CRP-negative Cg belonged to type II and one to type I Cg,
respectively. Serum CRP levels of the patients with CRP-negative
Cg were lower (mean: 0-73 mg/100 ml) when compared with the

CRP

Fig. 2. Western blot analysis of CRP in cryoglobulins. Strips 1-6:
purified CRP in different concentrations (1 = 100 pug/ml, 2 = 50 pwg/ml,
3=10pug/ml, 4 =5 pg/ml, 5=1 png/ml, 6 =05 pug/ml). Strip 7 =
cryoglobulin S.E., strip 8 = cryoglobulin G.A., strip 9 = cryoglobulin
S.A., strip 10 = cryoglobulin S.L. (F(ab)2-anti-CRP).

12% Gel 1% Gel

23 kDa=—p

«—23 kDa

CRP-positive Cg group (mean: 3-0 mg/100 ml). Obviously,
however, CRP levels as low as 0-5 mg/100 ml could be found
in CRP-positive cryoglobulinaemic sera (e.g. Patient nos. 9, 12 &
18). Therefore a simple correlation between underlying diseases
and the CRP content of Cg was not apparent.

With regard to the presence of complement factors in Cg, both
Clq and C3 were found in all cases tested (Table 2). In only three
patients (nos. 1, 6 & 11) were Clq and C3 detectable in Cg
lacking CRP. In the corresponding sera the CH50 values were
depressed in six of 12 patients. Low C3 or C4 levels were found in
three and five of nine sera, respectively. C3d levels were elevated
in eight of 10 sera.

The protein concentration of Cg in the three CRP-negative
cases (nos. 1, 6 & 11) was lower (mean 1-33 g/l; range 1-2 g/l)
compared to the CRP-positive cases (mean 11-5 g/l; range 2—
35 g/1). To demonstrate the correlation between the occurrence of
CRP and the protein concentration of cryoprecipitates, we
analysed a total of 23 cryoprecipitates from seven patients by
Western blotting (Table 3). Two patients were negative for CRP
in the initial study (nos. 1 & 11). All CRP-negative cases showed
a low concentration of Cg (1 g/l). In contrast, Western blot
analysis of samples with high concentrations of Cg from the same
patients, then revealed strong CRP-specific bands. Interestingly,
CRP, Clq and C3 were not detectable in a cryoprecipitate from
patient B.P. obtained 2 days after the patient had undergone
plasmapheresis treatment (date of sample 10/88). A correlation
between the treatment and a low protein concentration of
cryoprecipitates was also found in patients no. 9 (plasmapheresis
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Table 2. Summary of the Western blot results and serological data in 18 cryoglobulinaemic patients

Type of
cryoglobulin Protein Cryoglobulin CRP Serum
content of

Patient cryoglobulin CRP CH 50 C3 C4 C3d

no. Igl 1g2 g/l CRP Clq C3 mg/dl U/ml g/l g/l mg/1 RF
1 Gk - 1 - + + 0-7 23 0-74 0-37 33 -
2 M\ - Nt + + + 0-8 19 Nt Nt 24.2 -
3 Mk - 35 + + Nt 21 Nt Nt Nt Nt Nt
4 Mk - 19 + + + 0-6 Nt Nt Nt Nt Nt
5 MA - 2 + + + 2-1 21 0-7 0-34 Nt +
6 Ak G 2 - + + 1-0 Nt 0-82 0-42 Nt +
7 Gk G 4 + + + 4.7 10 0-49 0-17 13-5 +
8 Mk G 8 + + + 16 Nt 0-46 0-06 39 +
9 Mk G 4 + + Nt 0-5 21 0-71 0-08 Nt +
10 Mk G 25 + Nt Nt 19 Nt Nt Nt Nt Nt
11 Mk G 1 - + + 0-5 10 0-7 < 0-06 427 +
12 Mk G 12 + + + 0-5 16 Nt Nt 29-7 +
13 MA G 22 + Nt + 10-3 10 Nt Nt 414 -
14 G M 9 + + + 32 44 Nt Nt Nt -
15 G M 3 + + + 7-5 20 Nt Nt <10 +
16 G M 8 + + + 4 30 Nt Nt <10 +
17 G M 7 + + + 4.8 7 0-25 < 0-06 37-6 +
18 G M 3 + + + 0-5 Nt 0-82 0-42 Nt Nt

The Western blot results of cryoglobulins are marked with + in the presence of characteristic bands for CRP, Clq or C3, respectively, or as — in their
absence. Nt = not tested. Normal values: CRP: < 0-5 mg/dL; CH50 = 20-50 U/ml; C3: 0-5-1-2 g/1; C4: 0-2-0-5 g/1; C3d: < 10 mg/l. Cryoglobulins are

listed in the table according to their type in Brouet’s classification [1].

and pulse cyclophosphamide treatment in 7/87) and no. 11 (pulse
cyclophosphamide treatment 8/89—1/90).

In an attempt to quantify the CRP content of Cg, resolubilized
Cg were analysed with an immuno-turbidimetric assay and an
ELISA, respectively. Six Cg from the patients of this study were
available for testing. Using the ELISA, a mean CRP concentration
of 10-45 = 8.07 ng per mg cryoprotein (range 0-3—15-0 ng/mg)
was obtained with these samples. Another set of Cg (n = 9) was
assayed with a sensitive immuno-turbidimetric method. Using this
assay, a mean CRP concentration of 11-3 * 14.9 ng per mg
cryoprotein (range 0-27-45 ng/mg) was detected. Overall, there
was no strict correlation between the concentration of CRP and
that of the respective cryoprotein of these 15 Cg. However, Cg
with the highest CRP concentrations (127-300 ng/ml) were found
in cases with the highest concentrations of cryoprotein (25—
35 mg/ml).

In order to investigate whether the removal of Ca®* would
effect the detectability of CRP, Cg of three patients were analysed
using the immuno-turbidimetric assay after six washing steps
either with 0-9% saline or with VBS containing 10 mm EDTA.
Depletion of Ca>* by EDTA did not alter the amount of CRP in
isolated Cg (Cg 1: 98-7 ng/ml; Cg 2: 6-2 ng/ml; Cg 3: 1.2 ng/ml)
compared with 0-9% saline (Cg 1: 76-1 ng/ml; Cg 2: 7-8 ng/ml;
Cg 3: 0-4 ng/ml).

DISCUSSION

Our study provides evidence for the frequent occurrence of CRP
in Cg of all three types in Brouet’s classification. In intra-
individual follow-up studies it was demonstrated that the
detectability of CRP by Western blotting correlated positively

with the concentration of the cryoprotein (Fig. 3); therefore, the
apparent absence of CRP in a few Cg samples may reflect
the sensitivity of the method rather than real variations in the
composition of individual Cg. Our aims at quantitative measure-
ments of CRP in Cg were pursued both by ELISA and immuno-
turbidimetric assay. Using these methods, very similar CRP values
in the nanogram range (per mg of cryoprotein) were obtained with
two different sets of Cg samples. Our measurements of high CRP
concentrations (up to 300 ng/ml) in some Cg match with their
detectability by indirect immunofluorescence on HEp-2 cells
(Fig. 1). As reported previously [15], the detection threshold of
CRP in the HEp-2 cell assay was found to lie between 10 and
100 ng CRP per ml.

The chemical nature of the association between CRP and the
other constituents of Cg is currently unknown. Because the
cryoproteins were extracted from sera, it seems likely that CRP is
bound Ca®>*-dependently to one of its specific ligands on
microbial antigens or on nuclear or cell membrane-derived
material [16,17,29] in the Cg complex. However, in our studies
CRP was quantitatively detected in isolated Cg after extensive
washing with Ca®"-free saline. Very similar amounts of CRP
were found when isolated Cg were washed six times with VBS
containing 10 mm EDTA, which argues against a strictly Ca®*-
dependent association of CRP with Cg. These controversial issues
have still to be resolved by detailed analyses of the binding of
CRP to cryolabile components. Recently, we obtained experi-
mental evidence that a series of resolubilized Cg (mainly of type
II) could be separated into three peaks of different molecular
weight, when chromatographed by FPLC at 37°C under non-
denaturing conditions. While IgM and fibronectin, when present,
were found in the high molecular weight fractions (first peak) by

© 2001 Blackwell Science Ltd, Clinical and Experimental Immunology, 125:316-322



CRP in cryoglobulins 321

Table 3. Association between the protein content of cryoprecipitates and
the detection of CRP in 23 cryoglobulins from seven patients

Cryoglobulin
Patient Date of Protein CRP
no. blood sample content (g/1) (Western blot)
1 11/93 1 -
3/95 12 + +
4/95 5 + +
10/95 42 +
6/99 13 + +
10/99 12 + +
11 11/87 15 + +
7/89 47 + +
5/90 1 -
2/96 93 + + +
9/96 103 + + +
1/98 33 +
8 11/86 8 + + +
12/86 1 -
11/89 23 + + +
9 5/87 28 + + +
7/87 4 +
7 6/94 4 +
7/94 2 +
17 4/93 7 + + +
5/93 5 + + +
12 10/88 1 -
10/90 12 + + +

The Western blot results of cryoglobulins are marked with +, + + and
+ + + in the presence of weak, moderate and strong characteristic bands
for CRP, respectively, or - in their absence.

Western blotting, the strongest bands for CRP were detected in the
second (IgG-containing) peaks [30]. Experiments are ongoing in
order to analyse the molecular composition of the CRP-containing
fraction. These findings actually suggest that cryoglobulins
consist of different immunoglobulin and nonimmunoglobulin
compounds (e.g. CRP) which aggregate into a macromolecular
complex only when the temperature is lowered. Depending upon
the temperature amplitude of Cg, such aggregating conditions may
occur in the peripheral circulation [31].

In the few reports published on the occurrence of CRP in non-
cryolabile immune complexes (CIC), the mechanism of binding of
CRP to CIC was unfortunately not addressed [32—34]. However,
most in vitro studies have shown that direct binding between
native CRP and mono- or multimeric IgG does not occur [32,34—
37]. In contrast to native CRP, a modified form of CRP (mCRP),
which is generated under denaturing conditions, has high binding
activity for complexed IgG in vitro [35,36]. Our ex vivo studies do
not support the presence of potential mCRP-Ig complexes, since
we could not trace mCRP epitopes in a series of CRP-containing
Cg with a mCRP-specific ELISA [38].

There are a few case reports where CRP was found in
association with monoclonal immunoglobulins in macroglobulin-
aemic sera. After the first description of a monoclonal IgM/A
antibody reacting with purified CRP in vitro [39], complex
formations between CRP and monoclonal IgM and IgA were
demonstrated in two further cases, respectively, by immunofixation

techniques [19,40]. In conclusion, except for the report of
Korngold [39] demonstrating true antibody reactivity of a
monoclonal immunoglobulin against CRP, there is no experi-
mental evidence suggesting direct binding between CRP and
immunoglobulins.

Our demonstration of the complement components Clq and
C3 in all CRP-containing Cg, and the elevated levels of the
complement split product C3d in the corresponding sera, confirm
previous reports on activation and binding of classical comple-
ment proteins by these Cg [5,6]. Since complexed CRP was
reported to be as effective in activating the classical C pathway
[41,42] as aggregated IgG, the deposition of Clq and C3 on Cg
may have resulted from CRP-mediated C activation [43].
Additional activation of the alternative pathway, which was
shown previously to occur with some Cg [6,31], resulting in C3
binding, cannot be excluded by our experiments. Interestingly,
CRP was shown to inhibit alternative pathway C activation, by
increasing binding of the complement regulatory factor H to C3b
[44.,45].

In conclusion, our study presents evidence for a frequent
occurrence of CRP along with the complement proteins Cl1q and
C3 in isolated cryoglobulins. Further experiments are necessary to
determine the mechanisms of the association between immuno-
globulin and non-immunoglobulin compounds of Cg. It is not
clear whether the CRP detected in Cg-complexes ex vivo
modulates the pathogenic activity of immune complexes in
cryoglobulinaemic diseases.
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