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Summary. Cryoproteins observed in patients with systemic lupus erythema-
tosus were shown to be of “mixed type,” consisting largely of IgG and IgM.
The IgM moiety possessed anti-IgG globulin reactivity and precipitated in the
cold after mixing with a source of IgG. The IgM fraction of one cryoprotein
precipitated only with the same patient’s IgG. Antisera prepared against
purified cryoproteins regularly recognized IgM, IgG, the 11 S component of
C’, and a,-macroglobulin. C’4 (8:g) and C'3 (Bic) were recognized by four
and two antisera, respectively. Antisera prepared against two cryoproteins
reacted (after absorption) only with the sera of origin. These “unique” anti-
gens were associated with IgM, were destroyed by mercaptoethanol treat-
ment, and, in one patient, were shown to disappear subsequent to clinical

.improvement.

Introduction

Systemic lupus erythematosus (SLE), espe-
cially when clinically active and accompanied by
renal disease, has been found to be associated with
low serum complement (C') (1-5) and occasion-
ally with serum proteins that reversibly precipi-
tate in the cold—“cryoproteins.” For cryopre-
cipitation to occur, a heat-labile serum factor is
required. This factor is present in normal human
serum and has been identified as 11 S material
(11 S) (6) or the C'lq fraction of the first com-
ponent of complement (7).

The cryoproteins associated with plasma cell
dyscrasias are usually monoclonal, consisting of
the respective paraproteins (8). “Mixed” cryo-
globulins, in contrast, consist of IgG and IgM in
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varying proportions and have been described pri-
marily in SLE (6), in a syndrome of purpura,
weakness, and arthralgias (8, 9), and in other pa-
tients with varying clinical pictures (10-13).

In this report we have further characterized
mixed cryoproteins of the type found in SLE.
Evidence indicating the presence of multiple com-
ponents of C' in purified cryoproteins is presented.
Antigens unique to two patients were identified
by antisera prepared against individual cryo-
proteins. :

Methods

Blood samples obtained from patients in the Presby-
terian Hospital and the Edward Daniels Faulkner Arthri-
tis Clinic were allowed to clot in a 37° C water bath.
Studies were performed on fresh or fresh-frozen sera
(—20°C). Clinical and laboratory features of the pa-
tients are summarized in Table I.

Cryoproteins were isolated by refrigerating sera at
2 to 4° C for 48 to 72 hours, centrifuging at 2,000 rpm at
4° C, and washing three times in cold isotonic saline.

Zone ultracentrifugation was performed in gradients
(10 to 40%) of sucrose dissolved in glycine~HCI buffer
(pH 3.2). Cryoprecipitates were dissolved in 0.5 ml of
the glycine buffer, layered onto the sucrose gradient, and
centrifuged for 15 hours at 35000 rpm in an SW 39
Spinco rotor. The fractions were collected from the
bottom of tubes as nine samples of 0.5 ml each and
dialyzed against pH 8.0 phosphate-buffered saline. Ni-
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TABLE I

Summary of clinical and laboratory features of patients

Anemia Rheu-
(<10 g Leukopenia LE prep- matoid Anti-
Skin hemo- S, aration factor nuclear

Patient Arthritis  Serositis lesions Nephritis Fever globin) leukocytes) positive* present antibody
S.L. + + + + + + + 0 + +
EO. + 0 + + + + + + 0 +
J.H. + 0 0 0 + + + 0 + +
C.M. + + + + + + + + 0 +
E.B. + + + + + + + + + +
B.L. + 0 + + + 0 0 + + +
L.C. + + + + + + + + 0 +
E.T. + it + + + + + + 0 -
G.F. + 0 + + + + 0 0 + +

* LE = lupus erythematosus.

trogen contents of the samples were estimated by the
Folin-Ciocalteu reaction (14). IgG, IgM, and 11 S con-
centrations were measured by immunodiffusion, with
Immuno-Plate! for IgG and IgM and freshly prepared
plates for 11 S (15). Zone centrifugation fractions were
mixed in capillary tubes, refrigerated 24 hours, and ex-
amined for precipitation.

Sensitized human cells were prepared by incubating a
1% suspension of washed human Rh(D)+ cells with an
equal volume of diluted anti-D antisera for 45 minutes,
followed by washing three times with pH 7.4 phosphate—
buffered saline and suspending in the same diluent as a
0.5% suspension. Dilutions of anti-Rh antisera were the
highest that gave 4 4 antiglobulin reactions.

Analysis for kappa and lambda light chain determinants
was performed by immunodiffusion with specific anti-
sera.?

Rabbits were immunized with isolated cryoproteins
that had been washed five times in cold saline and sus-
pended in Freund’s adjuvant. Absorption of the antisera
was performed with lyophilized products (pooled normal
human serum, or fractions of serum). The high molecu-
lar weight fraction from zone centrifugation of one cryo-
protein (S.L.) was used to immunize guinea pigs.

Immunoelectrophoresis was performed by the tech-
nique of Grabar and Williams (16).

Euglobulin preparations of sera were made by dialysis
against 0.02 M phosphate buffer (pH 5.4) overnight in
the cold. Mercaptoethanol, when used, was added to a
concentration of 0.1 mole per L and the sample dialyzed
overnight against saline.

The micro-C’ fixation procedure of Wasserman and
Levine (17) was used to test for DNA in purified cryo-
proteins. The samples tested were boiled for 10 minutes
in pH 11 phosphate buffer followed by rapid chilling and
neutralization (a technique shown to be adequate for de-
naturation of DNA) without the development of anti-
complementary properties.

Antinuclear antibodies were detected by immunofluores-
cence, with smears of calf thymus cells and 1:4 dilutions

1 Hyland Laboratories, Los Angeles, Calif.
2 Provided by Dr. E. Osserman,

of test sera. Reactions 2+ at that dilution or higher
were considered positive.

Results

. Twelve cryoprecipitates from six patients were
studied by zone ultracentrifugation. A typical
analysis is seen in Figure 1. There are two pro-
tein peaks: the first at tube three containing maxi-
mal IgM concentration, and the second, larger
peak, generally at tube six, containing maximal
IgG concentration. The 11 S material was found
in highest concentration in the trough of the curve,
fractions four and five. The cryoproteins from
five of six patients studied with zone centrifugation
consistently gave this pattern. Cryoprotein of one
subject (S.L.) studied on two occasions showed a
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Fi1c. 1. CURVE DEPICTING THE PROTEIN CONCENTRA-

TION OF ZONE CENTRIFUGATION FRACTIONS OF ACID-DIS-
SOLVED CRYOPROTEIN OF SUBJECT E.O. Peak protein con-
centrations were found in tubes three and six. The bar
graphs below depict the relative IgG, IgM, and 11 S
concentrations measured by immune diffusion. The first
peak was largely IgM, the second (tube six) largely
IgG, and 11 S material was found in the trough. Five
of six cryoproteins studied in this manner exhibited- this
pattern.
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TABLE II

Reconstitution of cryoprecipitates: the effect of mixing zone centrifugation fractions
with other fractions and other IgG sources (see Figure 1)

Fractions: 3 345 3+6 347 6 3 +FII* 3 +Mit 6+FII* 6+ Mit 6+IgMt
Precipitate (E.0.) 0 2+ 3+ 1+ 0 2+ 2+ 0 0 0
(0-3+ scale) (JJH.) 0 2+ 3+ 2+ 0 0 0 0 0 0

*FII = Cohn Fraction II.

1t M; = myeloma globulin, results identical with five myeloma sera.

1 IgM = macroglobulinemia serum.

qualitatively similar pattern but with the high mo-
lecular weight component in excess of the low
molecular weight component.

Table II summarizes the results of mixing zone
centrifugation fractions obtained from cryopro-
teins of the type illustrated in Figure 1 and ob-
serving precipitation after refrigeration overnight.
Maximal precipitation occurred on mixing the two
main fractions containing IgG and IgM. Pooled
Fraction II or another y-globulin source could re-
place the IgG peak, but precipitation did not occur
when other IgM paraproteins replaced the test
IgM peak. The pattern of reactivity noted with
patient E.O. was observed with cryoproteins of
three other subjects. One patient (J.H., Table
II), however, had an IgM peak that precipitated
only with her own IgG. Pooled Fraction II and
various myeloma globulins could not be substituted
for her IgG peak. This necessity for autologous
IgG has not been noted previously in mixed type
cryoproteins,

When tested at 4° C, IgM fractions aggluti-
nated Ripley—sensitized human cells in low titer.
(Titers at 37° C were generally one dilution
lower.) There were notable discrepancies be-

TABLE III

Reactions of IgM zone centrifugation fraction of E.O.
cryoprotein with seven human anti-Rh antisera®

Agglutmatlon titer Cryoprecipitation resulting

f IgM fraction from mixing equal vol of
Anti-Rh (E 0. cryoprotein) IgM fraction (E.O.) and
reagent for sens:t:zerg human cells anti-Rh sera
Mi 16 3+
Di 16 3+
Ha 16 34
Ly 16 3+
Ru 16 3+
Al 16 34+
Ba 1:64 3+

* This Table illustrates discrepancies between cryo-
precipitation and agglutination of human sensitized cells.
Agglutinations were performed at 37° C.

tween the agglutination reactions of the IgM frac-
tions for human Rh-sensitized cells and the cryo-
precipitation of these fractions when mixed with
the anti-Rh antisera (Table IIT). The Rh anti-
sera were used in amounts that gave equivalent re-
actions with antiglobulin reagent, but only one of
them (Ba, which like Ripley provides a “diag-
nostic coat” ®) sensitized cells for agglutination
by the IgM fraction. All of the anti-Rh antisera
precipitated with the IgM fraction after refrigera-

tion. A smaller panel of anti-Rh antisera gave
TABLE IV
Antigens recognized by antisera to cryoproteins
in seven patients
C'lq Ca C’3

Patient 1gG IgM IgA  (11S) (BE) (Bic) asM*
B.L. X X X X X
L.C. X X X X X
E.T. X X X X
C.M. X X X X X
G.F. X X X X X
S.L.t X X
E.O. X X X X X X X

* @sM = az-macroglobulin.
t Antigen used for immunization was the heaviest zone
centrifugation fraction. Other antisera prcduced by
immunization with whole cryoproteins.

similar results with the IgM component of cryo-
proteins of two other subjects, i.e., precipitation
with the IgM component but no sensitization for
agglutination.

The macroglobulin fractions of five cryoproteins
were analyzed for kappa or lambda light chain
determinants. The IgM component of one prepa-
ration (S.L.) gave a precipitin line only with anti-
lambda antisera. Others reacted with both types.
Lipid was noted to be present in some isolated

3 The term “diagnostic coat” designates the rare type
of anti-Rh antisera that will sensitize cells for agglutina-

tion by the majority of sera of rheumatoid arthritis
subjects,
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F16. 2. IMMUNOELECTROPHORETIC PATTERN. In strip B, diagrammed in strip C, the well contains normal human
serum (NHS) and the trough anticryoprotein antiserum absorbed with IgG (in order to avoid a large IgG precipitin
line). Precipitin lines are seen as in the diagram and explained in the text. In strip A, euglobulin is used in the well
as a concentrated source of 11 S, and the antiserum is absorbed with serum lacking 11 S. The identity of each pre-
cipitin line was established with specific antisera or identity reactions with known antigens or both. a:M = armacro-
globulin.

Fic. 3. GEL DIFFUSION DEMONSTRATION OF “UNIQUE” ANTIGEN OF SUBJECT G.F. The trough contains a rabbit anti-
serum to G.F. cryoprotein, absorbed extensively with NHS and an IgM paraprotein. Precipitin lines are seen near
the wells filled with the patient’s serum (G.F.) and the dissolved cryoprotein (G.F. cryo). There is no reaction with
the supernatant after separation from the cryoprotein (G.F. sup), with NHS, or with the other systemic lupus ery-
thematosus sera.
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_G.F.(EUGLOB) __ N.HS.

F16. 4. GEL DIFFUSION DEMONSTRATION OF THE ASSOCIATION OF “UNIQUE” ANTIGEN (G.F.)
witeH IcM. The lower center well contains rabbit antiserum to G.F. cryoprotein, absorbed with
NHS and an IgM paraprotein. This fails to form a precipitin line with NHS but forms a
single line with G.F. euglobulin. This line gives a reaction of partial identity with a precipitin
line between anti-IgM and the patient’s IgM, failing to cross the latter line. The other pre-
cipitin lines seen represent precipitin reactions between anti-IgM and IgM present in NHS
and the absorbed anti-G.F. antiserum.

SL

F16. 5. GEL DIFFUSION STUBIES OF “UNIQUE” ANTIGENS OF SUBJECTS S.L. ANp G.F. Anti-
S.L. and anti-G.F. are antisera to the cryoproteins in the respective patients that have been ab-
sorbed with NHS and an IgM paraprotein. G.F. serum forms a precipitin line with anti-G.F.
and S.L. serum three precipitin lines with anti-S.L., but neither antiserum reacts with NHS or
with serum from the other patients.
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cryoprecipitates, appearing as a residue in the
lightest zone centrifugation fraction.

A number of studies were performed on the rab-
bit anticryoprotein antisera. Immunoelectropho-
resis utilizing antiserum specific for E.O. cryopro-
tein is illustrated in Figure 2. The three main
classes of immunoglobulins (IgG, IgM, and IgA)
are recognized. Three components of comple-
ment were identified by the antiserum: g;c (C'3),
Bie (C'4),and 11 S (C'lq). The identity of the
faint line seen above B;x in Figure 2 has not been
determined. «,-Macroglobulin was also recog-
nized. Table IV summarizes studies of antisera
specific for seven different cryoproteins. IgG,
IgM, and 11 S were regularly identified. None of
them recognized major serum antigens such as al-
bumin or transferrin. Two of the antisera recog-
nized antigens unique to the patients of origin
after absorption with lyophilized normal human
serum (NHS) and an IgM paraprotein. One pa-

5L
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tient, S.L., had typical SLE. The other, G.F., died
with necrotizing vasculitis but lacked classical
features of any single syndrome.

The gel diffusion pattern in Figure 3 demon-
strates the unique antigen in one subject. The
antiserum, after extensive absorption with lyophi-
lized NHS and a purified IgM paraprotein, rec-
ognized an antigen present only in the serum or
cryoprotein from patient G.F. This unique anti-
gen was associated with IgM as demonstrated by
double diffusion (Figure 4). The reaction could
not be demonstrated after treatment of the euglob-
ulin fraction of serum G.F. with mercaptoethanol.

The second antiserum that recognized antigens
unique to the patient of origin formed three pre-
cipitin lines on immunodiffusion (Figure 5). By
the technique illustrated in Figure 4, the antigen
forming the line closest to the antibody well was
shown to be associated with IgM. The two other
lines could not be evaluated in this respect. Ap-

Sitr v el SR G b
. 3/15/66 /19/63  3/15/66

F16. 6. GEL DIFFUSION ANALYSIS OF “UNIQUE” ANTIGENS IN SERIAL SAMPLES OF S.L. serA. The center wells were
filled with two guinea pig antisera to the high molecular weight fraction of cryoprotein isolated from patient S.L. in
September 1963. The antisera are absorbed with NHS and an IgM paraprotein. Weak precipitin lines are formed
against sera drawn from the patient in July 1962 and July 1963. There is a strong, multiphasic reaction against
sera drawn in September 1963 and no reaction against sera drawn in 1964 and 1966.




406

pearance and disappearance of the unique antigens
in patient S.L.. were shown to correlate with the
clinical state and the presence of cryoproteinemia
(Figure 6). In September 1963, when the pa-
tient was most severely ill, she had large amounts
of cryoprotein, and antiserum prepared against her
cryoprotein isolated at this time recognized three
antigenic determinants unique to the patient. Sera
drawn before this time reacted weakly with the
antisera. One and 3 years later, the patient had
improved clinically and had no measurable cryo-
protein, and her serum gave no precipitin reaction
with the absorbed antiserum.

The antisera used for demonstration of the
unique determinants in subjects G.F. and S.L.
were, in each case, absorbed with lyophilized
pooled normal human serum and with a purified
IgM paraprotein. With these antisera, in the gel
diffusion technique illustrated in Figure 3, 25
SLE sera, 12 IgM paraproteins (from subjects
with primary macroglobulinemia), and 15 sera
from patients with miscellaneous illnesses were
studied. None gave visible reactions. Antisera
prepared against cryoproteins of six other sub-
jects did not recognize unique antigens.

Discussion

The cryoproteins studied in this report were
found to contain IgG and IgM resembling the
mixed cryoproteins first described by LoSpalluto,
Dorward, Miller, and Ziff (10) and recently stud-
ied by Meltzer, Franklin, and others (8, 9, 11-13).
Patients in the present study, however, had clini-
cal and laboratory pictures consistent with SLE
rather than less clearly defined syndromes (pur-
puras, fatigue, and arthralgias) (9). All of our
nine patients (Table I) had arthritis and fever.
Eight had skin lesions, evidence of renal in-
volvement, and anemia, and seven had some de-
gree of leukopenia. Six had positive LE prepara-
tions on one or more occasions. The three pa-
tients with negative LE preparations had positive
immunofluorescent tests for antinuclear factor.
Rheumatoid factor, on the other hand, present in
all eleven of Meltzer’s patients with mixed cryo-
globulins (8), was found in only five of the pa-
tients in this series. The cryoproteins associated
with SLE also differed in that they contained
larger amounts of IgG than IgM and required a

L. B. HANAUER AND C. L. CHRISTIAN

heat-labile component of C' (11 S) for pre-
cipitation.

Do the cryoproteins observed in SLE have
pathogenetic significance? They are observed in
patients with active disease, especially glomeru-
litis, in association with low serum C’ levels and
anticomplementary sera, and at least one com-
ponent of C' (C'lq) has been shown to participate
in their formation. In the present study, antisera
specific for cryoproteins recognized Bic- and Big-
globulins. It can be postulated that immune ag-
gregates mediate vasculitis in SLE in a manner
similar to their role in experimental serum sick-
ness (18). As attractive as this thesis may be
(and consistent with many observations of SLE
subjects), it must be admitted that the hypotheti-
cal antigen-antibody complexes have not been
characterized. One can postulate that the IgM in
mixed cryoproteins and the IgG with which it
reacts provide all the reactants necessary for the
formation of an immune complex, but it must also
be considered that the anti-y-globulin IgM com-
ponents are coprecipitated by some unidentified
immune complex in a fashion similar to the co-
precipitation of C’ components. It is notable that
conventional anti-y-globulin activity of purified
IgM fractions of cryoproteins, as measured by
hemagglutination reactions (Table III), was
weak, in the face of striking precipitation when
these fractions were incubated with IgG in the
cold. The observed discrepancy between cryo-
precipitation of anti-Rh sera when added to the
IgM component of cryoproteins and the failure of
the anti-Rh reagents to sensitize cells for agglu-
tination by the IgM fractions might be explained
on the basis of genetic heterogeneity of IgG. There
is evidence in man (19) and rabbit (20, 21) that
the complete spectrum of genetic types of IgG
demonstrable in an individual whole serum may
not be present in purified antibodies. In the pres-
ent studies, the anti-Rh antibodies might have
been deficient in the type of IgG with which the
cryoprotein IgM fraction was reactive. [Deletions
of genetic factors have been described in IgG anti-
Rh antibodies (22, 23).]

In part, the present study was directed at the hy-
pothesis that cryoproteins contain some antigen
in the form of an immune complex. Antisera spe-
cific for individual cryoproteins might detect the
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hypothetical antigen in the immune complex. The
demonstration that antisera absorbed with large
amounts of normal human sera did detect anti-
gens unique to the two subjects, however, is diffi-
cult to interpret. In both cases, the unique anti-
gens could not be dissociated from IgM. The
most likely explanation is that these antigens are
unique intrinsic determinants on IgM molecules.
Similar studies utilizing antisera specific for mono-
clonal paraproteins have demonstrated specificity
for unique determinants of paraproteins, which in
the case of IgM paraproteins may be destroyed by
mercaptoethanol treatment (24, 25). In the pres-
ent study, however, only one of five cryoglobulins
tested had an IgM component with monoclonal
characteristics, i.e., single L-chain determinants.
The antiserum specific for S.L.. IgM component
recognized three antigens by gel diffusion, and all
three antigens disappeared over the period of
observation. The possibility that the unique anti-
gens are of environmental origin (microbial or
otherwise) and are merely associated with IgM
still exists, but no direct evidence can be cited in
its support. Lee and Rivero presented some evi-
dence for the presence of DNA in the cryopro-
tein of one SLE subject (26), but comparable
studies by the authors have been negative, and
DNA was not detected in the cryoprotein of sub-
ject S.L. when studied with a microcomplement
fixation procedure that was capable of measuring
as little as 1 ug of DNA.

An explanation for the regular reactivity of
anticryoprotein antisera with «,-macroglobulin is
lacking.
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