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ABSTRACT We designed this study to examine the relation-
ship of cryoglobulins to immune complexes in sera ofpatients with
rheumatic or infectious diseases. Polyethylene glycol was used to
precipitate large proteins from normal serum and then was di-
alyzed away. The precipitated proteins were soluble in warm
phosphate-buffered saline but at 4C they reversibly reprecipi-
tated. As they reprecipitated, they selectively coprecipitated cold-
soluble immune complexes. By NaDodSO4/polyacrylamide gel
electrophoresis, these normal, nonimmunoglobulin cryoproteins
were similar to the nonimmunoglobulin constituents of washed
cryoimmunoglobulins from patients with rheumatic or infectious
diseases. These findings suggest that cryoprecipitability is a prop-
erty not of immune complexes themselves but of a group of large
normal serum proteins. In inflammatory diseases, the concentra-
tions of some of these proteins, responding as acute-phase reac-
tants, may increase to the point where intermolecular attractive
forces become prominent, particularly in the cold. Cold-aug-
mented molecular aggregation between these nonimmunoglobulin
proteins and immune complexes could then act to decrease their
collective solubility and result in the cryoprecipitation ofotherwise
cold-soluble immune complexes.

Serum cryoglobulins, described by Lerner and Watson in 1947
(1), are generally thought to derive directly from circulating im-
mune complexes (2, 3), but the mechanism by which they pre-
cipitate in the cold is not known. Classical immunoprecipitation
of protein antigens involves three-dimensional antigen-anti-
body lattice structures that generally are larger than those found
in most cryoprecipitable sera and whose solubility is relatively
independent of temperature (4).

In previous studies (5) of how cryoglobulins are related to
immune complexes, it was observed that sera from some pa-
tients formed cryoprecipitates even though they did not contain
material reactive in the 125I-Clq binding assay for circulating
immune complexes. In contrast to cryoproteins that were as-
sociated with circulating immune complexes, these cryoprecip-
itates usually lacked detectable quantities of immunoglobulin.
When examined by NaDodSO4/polyacrylamide gel electro-
phoresis, they often contained many nonimmunoglobulin pep-
tides. These findings led to consideration ofnonimmunoglobu-
lin serum components as possible initiators ofcryoprecipitation.
This report describes a group of proteins from normal serum
that are capable ofacting as cryoprecipitogogues (CPGs) for im-
mune complexes.

METHODS
Isolation of Putative CPG. Blood was collected from normal

donors and allowed to clot in sterile glass tubes for 2 hr at 37°C.
For fractionation of proteins according to size, aliquots (5 ml)

of the serum were combined with equal volumes of 6000 Mr
polyethylene glycol (PEG) dissolved at concentrations ranging
from 2% to 12% in phosphate-buffered saline (P1/NaCl; 0.01
M P04/0. 15 M NaCl, pH 7.4) and incubated for 1 hr at 40C.
Resulting precipitates were washed three times in Pi/NaCl/
PEG at the same final concentrations used in the initial pre-
cipitation step. The precipitates were suspended in Pi/NaCl at
a volume 1/10th or 1/5th that of the starting serum and in-
cubated for 1 hr at 37°C. At the end of this step, any material
that remained insoluble was sedimented at 10,000 X g for 10
min and discarded. The supernates containing putative CPG
were dialyzed against two changes of PJ/NaCl for 48 hr at 4°C
to remove any remaining traces of PEG. During this last step
a white precipitate formed that dissolved upon rewarming.

Isolation of Cryoprecipitates. Cryoglobulins were isolated
from eight patients, two each with systemic lupus erythema-
tosus, rheumatoid arthritis, Lyme disease, and bacterial en-
docarditis. Blood (usually 50 ml) was obtained by venipuncture
and kept at 37°C for 2 hr. The clotted blood was centrifuged at
1000 x g for 10 min at room temperature and the serum was
kept at 4°C for 48-96 hr. Any precipitate that formed was sed-
imented at 1000 X g for 20 min at 40C and washed three times
with 10 ml of ice-cold Pi/NaCl. Washed cryoprecipitates were
resuspended in 1 ml of Pi/NaCl and incubated at 37°C for 1 hr.
The suspension was centrifuged at 10,000 x g for 10 min, and
any remaining insoluble material was discarded. When cry-
oglobulins were to be examined electrophoretically, washed
and redissolved cryoprecipitates were allowed to reprecipitate
at 4°C and the analysis was performed on the redissolved
material.

Cryoprecipitation of Immune Complexes with CPG. Im-
mune complexes ofknown composition were formed in human
serum containing hemaglutinating antitetanus toxoid antibodies
at a titer of 1:1200. Tetanus toxoid, previously radiolabeled with
"2I by the lactoperoxidase technique (6), was combined with
400-,il aliquots ofthis serum and incubated for 18 hr at 4°C. The
mixtures were centrifuged at 15,000 x g; the supernates were
divided into two equal portions and combined with an equal
volume of either warm Pi/NaCl alone or Pi/NaCl containing
dissolved putative CPG at a concentration 10 times that in nor-
mal serum. Each aliquot was kept at 4°C for 8 hr before being
centrifuged at 8000 x g for 10 min to remove any cryoprecip-
itates that formed. An aliquot (15 ,ul) of each sample was frac-
tionated on continuous 10-40% sucrose density gradients (4.5
ml) spun in a 50.1 Ti rotor at 25,000 rpm for 14 hr. Gradient
tubes were punctured at the bottom, and individual fractions
were collected dropwise. The distribution of radiolabeled tet-
anus toxoid in each gradient was determined in a crystal scin-
tillation spectometer. In some experiments, immune complexes

Abbreviations: CPG, cryoprecipitogogue; PEG, polyethylene glycol;
PJ/NaCl, phosphate-buffered saline.
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composed of l"I-labeled human albumin-rabbit anti-human al-
bumin were formed in fetal calf serum. These complexes were
treated with putative CPG and analyzed in the same way as for
complexes based on tetanus toxoid, except that sucrose density
gradients were centrifuged at 35,000 rpm for 18 hr.

Other Analytical Methods. Protein preparations were quan-
tified by the Lowry method and compared electrophoretically
in NaDodSOJ10% polyacrylamide slab gels. IgG, IgA, and
IgM constituents were measured by radial immunodiffusion in
Hyland plates. Fibronectin was detected by immunodiffusion
in 1% agarose toward specific antiserum kindly supplied by
Frederick Grinnell (7). Putative immune complexes in patients'
sera were quantified by means of the 1"I-Clq binding assay
described by Zubler et al. (8). Serum from normal donors was
used as a CPG source only if it gave a negative reaction in this
assay.

RESULTS
It was postulated that, when the concentrations ofcertain ofthe
larger serum proteins were increased, their collective solubility
would become temperature sensitive. Therefore, potentially
cryoprecipitable proteins were isolated from 5-ml aliquots of
normal serum to which various concentrations ofPEG had been
added. The proteins precipitated under these conditions were
redissolved in 1 ml of Pi/NaCl at 370C and tested for their pro-
pensity to precipitate spontaneously at 40C. In general, with
increasing concentrations of PEG, increasing amounts of pro-
tein were recovered in the 1 ml of warm Pi/NaCl (Table 1).
Most of the protein recovered with 1% PEG was cryoprecip-
itable. Relative amounts of cryoprecipitable protein decreased
in preparations made with higher concentrations of PEG, es-
pecially those above 3%. Upon warming, cryoprecipitated pro-
teins redissolved. When this experiment was repeated with
serum heated to 560C for 1 hr, the amounts of reversibly cry-
oprecipitable proteins obtained were similar to those shown.
Thus, complement components must comprise at most only a
minor portion of these proteins.

It had been observed (9) that putative immune complexes
(i.e., 125I-Clq reactive material) are incorporated into cryoglob-
ulins that form in patients' serum. Thus, it was of interest to
determine whether the reversibly cryoprecipitable proteins re-
covered from normal serum could effect the cryoprecipitation
of antigen-antibody complexes-i.e., act as a CPG. In the ex-
amples shown in Fig. 1, soluble tetanus toxoid-antitoxoid com-
plexes or human albumin-rabbit antialbumin complexes were
incubated for 8 hr at 40C in the presence or absence of putative
CPG (made with 3% PEG). Those proteins that cryoprecipi-
tated during this incubation were removed and the remaining
soluble immune complexes were analyzed on sucrose density
gradients in an ultracentrifuge. The radiolabeled antigens sed-
imented in two peaks: free molecules sedimented near the 7S

Table 1. Cryoprecipitability of PEG fractions of serum

Amount of
Amount of protein redissolved protein

Final PEG, % redissolved, mg* cryoprecipitated, mgt
1 1.40 1.05
2 4.34 2.74
3 4.14 2.29
4 5.42 1.72
5 7.49 3.14
6 12.45 4.96

marker, and antibody-bound molecules peaked beyond the 19S
marker (Fig. 1). A substantial loss of both types of antigen-an-
tibody complexes occurred in those samples treated with the
putative CPG. This loss cannot be accounted for by nonspecific
trapping of radiolabeled molecules in the cryoprecipitate or by
dissociation of immune complexes because the radioactivity
marking the unbound proteins changed little. I conclude that
the added cryoprecipitable proteins were responsible for co-
precipitating these immune complexes.

The redissolved proteins from three normal sera treated with
3% PEG were complex mixtures. On NaDodSOd10% poly-
acrylamide slab gels stained with Coomassie blue, at least 17
polypeptide bands ranging from 100,000 to about 14,000 in
molecular weight were observed. Proteins that migrated along
with y and la heavy chain markers were present but IgG and
IgM made up no more than 20% ofthe total protein as measured
by immunodiffusion. This composition was compared with that
of cryoglobulins from eight patients, two each with systemic
lupus erythematosus, rheumatoid arthritis, Lyme disease, and
bacterial endocarditis. Even after having been washed three
times, redissolved in warm buffer, and cryoprecipitated again,
these precipitates also contained complex assortments of poly-
peptides, many ofwhich had molecular weights matching those
found in the 3% PEG fractions of normal serum. Patients' cry-
oprecipitates differed from PEG-derived precipitates by often
containing relatively more IgG or IgM. Fibronectin was de-
tected in all of the 3% PEG precipitates and in five of the eight
cryoglobulins.

DISCUSSION

Serum cryoglobulins occur in three forms (2). Type I are mono-
clonal immunoglobulins that precipitate in the cold. Type II are
mixed cryoglobulins that contain polyclonal immunoglobulin
and another monoclonal component. Type III are cryoglobulins
that contain polyclonal immunoglobulins only. Cryoglobulins
of this last type are typical of those found during inflammatory
illnesses. This study demonstrates that experimentally pro-

duced, cold-soluble immune complexes behave like cryoim-
munoglobulins in the presence of increased concentration of
certain normal serum proteins that can be isolated with low
concentrations ofPEG. These latter proteins are reversibly cry-

oprecipitable by themselves, and their polypeptide constituents
are similar to the nonimmunoglobulin components ofcryoglob-
ulins isolated from patients with rheumatic or infectious dis-
eases. These findings imply that type III cryoglobulins, and
possibly other types as well, depend on nonimmunoglobulin
components for their cold-insoluble properties.
We found fibronectin both in 3% PEG fractions of normal

serum and in cryoglobulins isolated from patients' sera. This
protein has several interesting properties that relate it to cry-

oprecipitation. At 40C, it binds to fibrinogen to form soluble
complexes, but this binding is reversible and does not occur in
the warm. In certain disease states, fibronectin acts as a nucleus
around which circulating cold-soluble fibrinogen-fibrin com-

plexes bind to form cold-insoluble cryofibrinogen. Indeed, the
removal of fibronectin from synovial fluid of patients with rheu-
matoid arthritis substantially reduces the formation ofcryoglob-
ulins (10). However, one can deduce that cryoglobulin forma-
tion is not related solely to fibronectin. First, this protein by
itself is soluble in the cold (11). Second, we found type III cry-

oglobulins to be complex mixtures of peptides that remain rel-
atively constant even when obtained from patients with differ-
ent diseases and even when washed and recryoprecipitated.
Thus, it appears that fibronectin and other larger proteins act
in concert to initiate cryoprecipitation. Indeed, the first com-

* Amount ofprecipitated protein that was dissolved in 1 ml ofP]/NaCl
at 3700.

t At 4°C.
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FIG. 1. Sucrose density gradient analysis ofimmune complexes with (light line) and without (heavy line) exposure to putative CPG and removal
ofany resulting precipitate. (A) Immune complexes were formed by incubation of 7.5 ,ag of "2'1-labeled tetanus toxoid with 400 jil ofhuman immune
serum at 40C for 24 hr. No visible precipitate formed. The sample was centrifuged and divided into equal parts that were treated with either putative
CPG or Pi/NaCl. Aliquots (20 sud) ofeach sample were fractionated on 10-40% sucrose density gradients. A portion ofthe "MI-labeled tetanus toxoid
appeared in complexes that sedimented ahead of the 19S marker. These complexes were absent from the sample treated with the putative CPG.
(B) As in A, immune complexes were formed by addition of 1 ng of 125"-labeled human albumin to fetal calf serum containing rabbit anti-human
albumin at a dilution of 1:100 and treated with either putative CPG or Pi/NaCl. In the former sample, the total radioactivity in the rapidly sed-
imenting peak of radioactivity (antibody-bound '251-labeled albumin, the bottom 2 ml of the gradient) was decreased by 60%; the slowly sedimenting
peak (unbound '215-labeled albumin, the upper 2.5 ml of the gradient) was decreased by only 17%.

plement component (Cl) is necessary for the formation of cry-
oprecipitate in sera from some patient with systemic lupus er-

ythematosus (12). It recently was observed that fibronectin
augments Clq precipitation in the '"I-Clq binding assay for
immune complexes, presumably by binding to this molecule
(unpublished data). Such binding would not be surprising be-
cause fibronectin binds collagen avidly, and collagen and Clq
share similar structural regions (13, 14). It would be interesting
to know to what extent the interaction of fibronectin with Clq
is augmented by cold.
The behavior ofmacromolecules in solution can theoretically

explain the reversible cryoprecipitation oflarge proteins and the
ability of these molecules to facilitate the cryoprecipitation of
immune complexes. In very dilute solutions, macromolecules
tend to behave as independent units and effectively occupy
spherical volumes equal to their diameter (15). With increasing
concentrations, effective spherical volumes are reduced be-
cause of crowding, and molecular interactions involving inter-
molecular attractive forces become important. These interac-
tions are temperature dependent; low temperatures augment
them and enhance molecular aggregation. Thus, decreasing
temperature favors insolubility of macromolecules, especially
at higher solute concentrations.

In the present study, the large serum proteins in question
were studied at a 5-fold increase in concentration compared to
that of their native state within the circulation. Many acute-
phase reactants respond to inflammation with rapid increases

in concentration and could approximate the levels examined in
this study. On the other hand, fibronectin levels do not appear
to vary much except in circumstances, such as trauma or sepsis,
in which enhanced function of the reticuloendothelial system
leads to depressed levels (16). It seems reasonable that molec-
ular interactions ofthe type described above might be enhanced
during acute-phase responses and thus provide a mechanism
for the formation of larger, less-soluble, molecular aggregates.
These aggregates might interact with fibronectin or immune
complexes to account for the formation of cryoprecipitates in
vitro. It is conceivable that these molecular interactions also
occur in vivo within cooler regions of the circulation. In some
patients, such clinical events as Raynaud's phenomenon and the
hyperviscosity syndrome could be based on such a mechanism.
A better understanding ofthe nature ofthese interactions might
provide insight into new therapeutic options for such problems.
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