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The second method was factor B conversion into
split products. 5 pd cryoprecipitate (0- 5 mg/ml in
PBS) and 20 ,ul fresh normal human serum in the
presence of EGTA (10 mmol/l) and MgCl2 (0 5
mmol/l) were reacted at 37°C for 30 minutes. The
mixture was then electrophoresed on a microscope
slide coated with 1 5% agarose using veronal buffer
pH 8 - 6 (ionic strength 0 05) and EDTA (0 02 mol/l).
The slide was developed with monopsecific antisera
to factor B. Conversion of factor B indicating
alternative complement pathway activation was
detected by the appearance of split products with
alpha and gamma mobility (Arroyave et al., 1976).

SUCROSE DENSITY GRADIENT (SDG)
ULTRACENTRIFUGATION STUDIES
The isolated cryoprecipitates were dissolved in
0-06 M glycine-HCI buffer (pH 3 2). After solubil-
ization, a 0-25 ml sample (4 mg/mil) was layered
on to a 4 5 ml linear 10-40% sucrose gradient made
in the same buffer. The gradients were formed by
using a Buchler automatic density gradient maker
(Buchler Instruments Division, Nuclear Chicago,
Fort Lee, N.J.). All samples were centrifuged in a
SW 50@1 rotor at 50000 rpm for 16 hours at 4°C
in L2 ultracentrifuge (Spinco Div., Beckman
Instruments, Palo Alto, Calif.). Samples were run in
triplicate or quadruplicate. Marker proteins of
4 5S (human haemoglobin), 7S (human IgG), and
19S (human myeloma IgM) were centrifuged
separately with each experiment. The SDG was
separated into 0-35 mi fractions by collecting
drop by drop from the bottom of the tube. Fractions
were dialysed overnight against PBS to return them
to neutral pH for immunofluorescence and other
studies.

IMMUNOFLUORESCENCE STUDIES
The sera and SDG fractions were tested for the
presence of antinuclear antibody (ANA) by the
methods of Northway and Tan (1972). For im-
munofluorescent blocking experiments, the IgG
fractions of a human reference serum containing an
ANA specificity found in Sjogren's syndrome
(SS-B) (Alspaugh and Tan, 1975) was isolated by
0-(diethylamino-ethyl) cellulose (DEAE) chromatog-
raphy (Fahey and Terry, 1967) and labelled with
fluorescein isothiocyanate (FITC) (Fromhagen,
1965). This FlTC-labelled IgG stained nuclei of
tissue substrates in a speckled pattern to an end-point
titre of 1:64.
The immunofluorescent blocking experiments to

detect SS-B antibodies in the SDG fractions of the
cryoprecipitates were performed as follows. The
SDG fraction was incubated on mouse kidney

substrate for 30 minutes at room temperature. The
slide was washed in cold PBS for 5 minutes. Then the
FITC-labelled IgG at a dilution of 1:8 was reacted
with the substrate for 30 minutes at room tempera-
ture. If the speckled nuclear immunofluorescent
pattern was blocked by the SDG fraction, the
fraction was presumed to contain SS-B antibodies.
Controls for these studies included the demonstra-
tion that other fractions of the same SDG did not
block nuclear staining.

IfANA of the SS-B specificity was detected in the
7S fractions of the SDG, we then determined
whether the acid conditions used might have
dissociated antigen-antibody complexes and homo-
logous antigen might be detected in other fractions.
The 7S fractions were preincubated with other SDG
fractions at 37°C for 1 hour and at 4°C for 12 hours,
then tested for ANA on tissue substrates. Rheuma-
toid factor was first removed from the SDG fractions
with unsolubilized IgG (Avrameas and Ternynck,
1967) before incubation with the 7S fractions. If the
ANA activity was removed by certain SDG
fractions, the SS-B antigen was presumed to be
present in these fractions. Enrichment ofANA in the
cryoprecipitates was determined by the following
formula:

amount of IgG in serum titre of ANA in cryo
amount of IgG in cryo x titre ofANA in serum

Results

ANALYSIS OF CRYOPROTEINS
The amount of protein in the cryoprecipitates ranged
from 0 20 to 3*60 mg/ml. 7 patients had mixed
IgG-IgM cryoprecipitates. In the cryoproteins of
2 patients (Cases 6, 7) the only immunoglobulin
detectable was monoclonal IgG3 K (Case 7) or
IgG1 AX (Case 6). 3 patients (Cases 10, 11, 12) had
IgG-IgA cryoprecipitates.
Clq, C4, C3, and factor B of the alternative path-

way were detected in most of the isolated cryoprecip-
itates (Table 1). The C3 which was detected in the
cryoprecipitates had the electrophoretic mobility of
split products C3c and C3d by counterimmuno-
electrophoresis (Arroyave and Tan, 1976). C3b was
not detectable in the cryoprecipitates, perhaps
because any C3b formed during activation of C3
was further degraded into C3c and C3d by the
serum C3b inactivator enzyme, C3bI, though we
have no direct evidence for this.

In 7 of 9 patients the terminal complement pro-
teins C5, C6, and C9 were also detected in the
cryoprecipitates together with the earlier complement
components. No complement proteins were found
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Table 2 Antibody studies ofpatients with cryoproteinaemia

Serum Cryoprecipitates

Case no. ANAlpattern* titre Antigammaglobulinst RAPt ANAlpattern* titre Antigammaglobulinst RAP$

1 128 speckled 320 + 32 speckled (7S) 19S +
2 256 speckled 640 + 4 speckled (7S) 19S
3 Neg 160 + - 19S +
4 640 + - 19S +
5 ,, 640 + - 19S +
6 Neg + -
7 ,, Neg
8 64 homogeneous 1280 + - 19S +
9 256 ,, 5120 + - 19S +
10 16 ,, 2560 + -
11 16 640 - -
12 64 640 +

*ANA of serum expressed as the reciprocal of antinuclear antibody titre. ANA of cryoprecipitates represents studies on sucrose density gradient
fractions.
tAntigammaglobulins expressed as reciprocal of latex fixation titre in serum. Antigammaglobulins of cryoprecipitates expressed as the fraction of
the SDG which was positive.
$Rheumatoid arthritis precipitin was tested in immunodiffusion using serum and whole solubilized cryoprecipitates.
+ = positive; - = negative.

in the cryoprecipitates of 3 patients (Cases 10, 11,
12), but in all 3 the cryoprecipitates contained IgG
and IgA but no IgM.

DETECTION OF SPECIFIC ANTIBODIES IN SERA
AND CRYOPRECIPITATES
Antibody activities in sera and cryoprecipitates of the
patients are summarized in Table 2. The sera of 10
patients had a-significant titre of antigammaglobulin
(> 1:40). The cryoprecipitates of 7 of these patients
had antiganumaglobulin activity found only in the
19S fractions by SDG studies of the solubilized
cryoprecipitates. No activity was found in the 7S
fractions.
The sera and whole cryoprecipitates ofeachpatient

were tested for rheumatoid arthritis precipitin which
was found in approximately 75% of seropositive
RA patients (Alspaugh et al., 1976). These anti-
bodies were tested by immunodiffusion and were
detected in the sera of 11 patients and in the cryo-
precipitates of 6 patients.
The relative difference in titre of RA precipitin

between the serum and cryoprecipitates was found
by determining the titre of the samples to an end-
point against a standard WiJ2 antigen extract
using the Ouchterlony technique. There was 32- to
80-fold enrichment of these antibodies in cryoprecip-
itates compared to sera.

Indirect immunofluorescence was used to detect
ANA in the sera of the 12 patients. The sera of 7
patients were positive for ANA. The sera of both
patients with Sj0gren's syndrome produced a
speckled nuclear pattern. In order to detect ANA in
the cryoprecipitates, acid dissociated SDG proteins
(see 'Methods') were tested for ANA by indirect
immunofluorescence. Fig. 1 shows an SDG done on

O.6-

C 0.4-

0o

O0.2-

I O 0 0 0 O 4 16 2 0 Antibody (ANA Titer)
+ + - - - - - - Antigen

19S iS 4.5S

i \+ +

2 4 6 8 10
Fraction Number

12 14

Fig. 1 Sucrose density gradient (SDG) study of an
acid-dissociated cryoprotein of Case 1. * = the
protein profile. Antinuclear antibody activity is represented
as the reciprocal of the titre. This activity was in the
7S fraction of the SDG. The corresponding antigen was
shown in the 19S and heavier SDGfractions.

the solubilized cryoprecipitates of Case 1. Protein
peaks were present in the 7S and 19S regions of the
gradient. The 7S fractions contained IgG, and the
19S fractions contained IgM. As Fig. 1 shows, ANA
was detected only in the 7S region of the gradient in
this patient. Using Wil2 cells as a substrate, the
speckled nuclear pattern produced by 7S fractions of
Case l's SDG can be seen in Fig. 2. ANA activity
was also present in the dissolved cryoprecipitates of
the other patient with Sj0gren's syndrome, but was
not detected in the cryoprecipitates of the other
10 patients.
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Fig. 2 Speckled nuclear immunofluorescence produced
by the 7S SDG fraction of Case 1. Wil2 cells, a human
B lymphoid cell line, was used as the substrate. x 785.

We decided to analyse the ANA in the cryoprecip-
itates of the 2 patients with Sj0gren's syndrome for
the immunological specificities SS-A and SS-B,
previously found in the sera of such patients
(Alspaugh and Tan, 1975). However, the concentra-
tion of antibody in the SDG fractions was either
insufficient or incapable of forming precipitin
reaction with tissue extracts in immunodiffusion
techniques, so an immunofluorescent blocking
experiment was used (see 'Methods') (Table 3).
The SDG fractions of the cryoprecipitates of both
patients with Sj0gren's syndrome were reacted first
with the tissue substrate followed by the FITC-
labelled reagent. Only the 7S fractions blocked the
speckled nuclear pattern, indicating the presence of
SS-B antibodies in these fractions. The antibodies
were enriched 12- and 32-fold in the cryoprecipitates
compared to sera.

Table 3 Immunofluorescent blocking experiments to
detect SS-B antibodies in sucrose density gradient
fractions of cryoprecipitates

Preincubation of tissue with: Staining with FITC-SS-B
antibody Titre

Buffer + 1:8
Case I

(Sjogren's syndrome) 7S* - 0

(Sjogren's syndrome) 19S + 1:8
Case 2

(Sjogren's syndrome) 7S - 0

(Sj0gren's syndrome) 19S + 1:8
Case S

(essential cryoglobulinaemia) 7S + 1:8
(essential cryoglobulinaemia) 19S + 1:8

*Sucrose density gradient fraction.
FITC = fluorescein isothiocyanate.

In order to determine if antigen was present in the
cryoprecipitates of both Sj0gren's patients, the 7S
fractions were absorbed with other fractions of the
gradient. The results (Fig. 1) for Case 1 show that
only the 19S and heavier fractions were able to
absorb the speckled nuclear immunofluorescent
pattern of the 7S fraction, suggesting the presence of
antigen in the heavier fractions of the gradient.
No antibodies to SS-A, another ANA specificity

characteristic of Sj0gren's syndrome (Alspaugh and
Tan, 1975), were detected in the sera or cryoprecip-
itates. Antibodies to ss-DNA, ds-DNA, nuclear
ribonucleoprotein, and Sm antigen were not detected
in the solubilized cryoprecipitates or SDG fractions
of any of these patients.

SERUM COMPLEMENT STUDIES
The serum levels of CH50 and Clq, C4, and factor B
are given in Table 4. 7 patients had CH50 levels
below normal, 6 patients had decreased levels of
Clq and C4, and 2 had levels of factor B which were
lower than normal.
The ability of the isolated cryoprecipitates to

activate the classical complement pathway was
determined by the per cent consumption of haemo-
lytic C4 when the cryoprecipitates were incubated
with fresh normal human serum. Activation of the
alternative complement pathway by isolated cryo-
precipitate was determined by lysis of GSHE cells
and immunoelectrophoretic conversion of factor B
when the cryoprecipitates were incubated with
fresh normal human serum under conditions where
Cl and C4 activation was inhibited (see 'Methods')
(Table 5). The cryoprecipitates of all but one patient
activated the classical complement pathway. Con-
sumption of C4 ranged from 8 to 66%. 8 of the 12
cryoprecipitates produced more than 10% lysis of

Table 4 Serum complement levels ofpatients with
cryoglobulinaemia

Case no. CH50* Clq (gll) C4 (gll) Factor B (gll)

1 lot 0-059t <0-Olt 0 295
2 68 0-166 0 35 0-18
3 50t 0-07t 0-117t 0-117t
4 lot O 019t 0 20t 0-175
5 22t 0 04t 0 08t 0 25
6 lot 0 *09t 0 105t 0 *20
7 70 0*156 0*8 0 265
8 lit 0 139t 015t 0*122t
9 56t 0*19 0 *3 0 *265
10 82 0-21 0 75 0-21
11 87 0-153 0-715 0 30
12 80 0 199 0 64 0-215

Normal values
±2 SD 67-107 0-14±0-2 0-24±0-8 0-15±0-3

*Total haemolytic complement.
tValues below normal limits for this determination.
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Table 5 Activation of the classical and alternative
compkment pathways by isolated cryoprecipitates*

Case Classical pathway activation Alternative pathway activation
no. C4 (% consumption)t - -

GSHE (% lysis)t t Factor B
conversion §

1 31 34 +
2 8 33 +
3 46 30 +
4 47 33 +
5 42 21 +
6 37 45 +
7 15 18 +
8 32 27 +
9 66 48 +
10 12 3 -
11 10 <2 -
12 23 <2 -

*Cryoprotein adjusted to a concentration of 0 5mg/ml for testing,
> 5% consumption of C4 considered significant for activation of the
classical pathway.
>55% lysis is considered significant for activation of the alternative
pathway.

§Immunoelectrophoretic conversion of factor B to Bb and Ba.
GSHE = glutathione-sensitized human erythrocytes.

GHSE cells, which in our laboratory is significant
for activation of the alternative complement pathway.
The per cent lysis produced by the cryoprecipitates
ranged from 18 to 48%. In addition, the same 9
isolated cryoprecipitates produced conversion of
factor B into split products of alpha and gamma
mobilities. Heating the cryoprecipitates to 56°C for
30 minutes before testing caused no change in the
per cent lysis of GHSE or conversion of factor B.

Discussion

The presence of antigen-antibody complexes in the
cryoprecipitates of patients with immunological
diseases has been demonstrated (Winfield et al.,
1975; Wands et al., 1975). Winfield et al. described
an enrichment of antibodies to nuclear ribonucleo-
protein, ss-DNA, and ds-DNA, as well as DNA
antigen in the cryoprecipitates of SLE patients.
Hepatitis B antigen and antibody have been detected
in the cryoprecipitates of patients with extrahepatic
manifestations of viral hepatitis, such as nephritis
and arthritis (Kohler et al., 1974; Wands et al.,
1975). In each of these studies the immune complexes
shown in the cryoprecipitates appeared to be of
specificities which were characteristic of the disease
in which they were found.
Our patients had cryoglobulinaemia associated

with the various clinical features of Sj0gren's syn-
drome, rheumatoid arthritis, and idiopathic purpura.
In the majority mixed cryoglobulins were shown, in
agreement with previous reports that this type of
cryoglobulin is more frequent in autoimmune dis-
orders. In 7 of our 12 patients, autoantibodies could

be detected in the cryoproteins. 2 patients with
Sj0gren's syndrome hadANA of the SS-B specificity,
a type which has been found in the sera of approx-
imately one-half of patients with Sj0gren's syndrome
and to a lesser extent in other autoimmune diseases
(Kurata and Tan, 1976). ANA activity could only be
detected in cryoproteins after procedures which
dissociated and separated antigen-antibody com-
plexes. In addition, the homologous SS-B antigen
was detected in the dissociated cryoproteins.

In 5 patients (3 with essential cryoproteinaemia,
2 with RA) conventional ANA was not detected in
the cryoproteins although 2 had ANA in their sera.
In 5 patients the cryoproteins were rich in rheuma-
toid arthritis precipitin. This had been described as a
precipitating antibody to a lymphocyte-associated
antigen and is devoid of rheumatoid factor activity
(Alspaugh and Tan, 1976). These 5 patients also had
19S rheumatoid factor in their cryoproteins.
The detection ofa wide variety ofimmune reactants

and complement in cryoproteins adds to the evidence
that cryoprecipitation from serum may be a
manifestation of pre-existing immune complexes in
the circulation. In the 2 patients with Sj0gren's
syndrome the immune complexes may have con-
sisted of SS-B antigen and antibody, since they were
both present in the cryoproteins. In 5 patients the
immune complexes may have consisted of RA
precipitin and its homologous lymphocyte antigen.
We were unable to show the presence of the latter
antigen in the cryoproteins, perhaps because of a
lack of sensitivity of our assay system. Finally, other
serum proteins such as rheumatoid factor and
complement may be associated with cryoprecipita-
tion, either by making a primary contribution to the
property of cryoprecipitability or secondarily by
their association with antigen-antibody complexes.
It has been suggested that Clq plays a major role in
cryoprecipitation, since IgG and Clq isolated from
cryoglobulins precipitated in the cold when mixed
together (Stastny and Ziff, 1969). No complement
proteins were detected in the cryoprecipitates of 3
patients. These were the patients with no Clq in the
cryoprecipitates. It is possible that complement
proteins were present in the cryoprecipitates but at
levels below the sensitivity of the detection system.
The pattern of interaction of cryoglobulins with

complement resembles the pattern of complement
activation of mixed cryoglobulin, described by
others in that they activated preferentially the early
complement components. The classical pathway was
activated by the cryoprecipitates of all 12 patients,
and it has been shown by other workers that
cryoprecipitates, like aggregates of human immuno-
globulins, will activate complement (Rother et al.,
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1972; Muller et al., 1976). Of great interest was the
fact that 9 of the 12 cryoprecipitates activated the
alternative pathway. Since the initial reactions of
classical pathway were blocked in our in vitro assays
by the presence of EGTA, activation of the alterna-
tive pathway probably occurred independently.
Similar activation of the alternative pathway was
shown by Rother et al. (1972) who incubated
different cryoglobulins in C4-deficient guinea pig sera
and found a decrease in the C3-9 haemolytic activity.
The loss of C3-9 under these conditions was con-
sidered evidence for direct activation of the alterna-
tive pathway by cryoglobulins. It is important to
consider that the alternative pathway was activated
via the C3b feedback cycle (Medicus et al., 1976).
However, the only antigenic C3 detected in our
solubilized cryoprecipitates had the electrophoretic
mobility of C3c/C3d. These proteins, unlike C3b,
are not known to participate in the feedback cycle of
complement activation via factor B.
The monoclonal IgG cryoprecipitates of 2 patients

(Cases 6, 7) activated the alternative pathway, as did
that of a patient with a similar type monoclonal
cryoprecipitate reported by Muller et al. (1976).
Thompson (1972) has shown that immunoglobulin
fractions rich in IgG3 isolated from patients with
chronic hypocomplementaemic glomerulonephritis
activated the alternative pathway. Others have also
reported that certain specific subclasses of IgG
myeloma may activate the alternative pathway
(Spiegelberg and Gotze, 1972; Frank et al., 1976).
The demonstration of the immune complex nature

of most mixed cryoglobulins suggests that such
complexes may be responsible for acute vasculitis
in vivo. Clinically there seemed to be some correla-
tion between the presence of cutaneous vasculitis and
cryoprecipitates which activated the complement
system. 7 patients with skin biopsies compatible with
vasculitis had cryoprecipitates which activated both
the classical and alternative pathways. Of the 2
patients without cutaneous vasculitis who had such
cryoprecipitates, one (Case 2) had myocardiopathy
and one (Case 9) had peripheral neuropathy,
conditions which might have been associated with
localized vasculitis. All 9 patients had proteins of the
classical and alternative complement pathway in
their cryoprecipitates. When immunofluorescent
studies were performed in 2 patients the fresh
vasculitic skin lesions showed deposits of two altern-
ative pathway proteins, properdin and factor B, in
dermal vessels. In the skin lesion of Case 1 no Clq
could be detected but this was present in the other
patient, Case 5. Immunopathological studies of the
skin were not available for the other patients.
The significance of cryoproteinaemia is not yet

fully understood, but as evidence accumulates that
immune complexes of various kinds may be present
in cryoprecipitates the presence of immune reactants
should be sought in both tissues and sera of patients.
Immune complex vasculitis may be found to be an
important factor causing many different forms of
tissue injury in these patients.
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