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Sera of patients with SLE almost invariably contain antinuclear antibodies (1),
and frequently contain circulating immune complexes as well (2-5). Cryoglobu-
lins are one type of immune complex (6) that can be isolated from these sera . In
some instances, the cryoglobulins have been found to contain antinuclear anti-
bodies (7-9). For example, anti-DNA antibodies are selectively concentrated in
cryoglobulins isolated from some lupus patients' sera (9), and are also sometimes
found in patients' glomerular immune deposits (7, 8, 10). The presence of the
corresponding cellular antigens (e . g., DNA) in cryoglobulins or glomerular
eluates remains controversial, however (4, 5, 9, I1-14) . Although in certain
situations classical antigens have been described (9, 13, 14), in many instances
the only detectable components of these immune complexes have been self-
associating Ig (4, 5, 12). Immune complexes consisting of Ig bound to rheumatoid
factor, anti-F(ab')2, and antiidiotype have been shown previously in SLE, as well
as in other disorders (11, 15-19) . The suggestion that certain autoantibodies
might arise through an antiidiotypic route (20) led us to examine the possibility
that immune complexes consisting of antinuclear antibodies and their antiidi-
otypes might be formed in SLE. We previously saw (21) that autoantibodies to a
cellular DNA-binding protein complex (p70/p80) and to DNA frequently coexist
in sera of patients with SLE. In the present study, we analyze the composition of
the cryoglobulins found in many of these sera. The results suggest that anti-
p70/p80 and anti-DNA antibodies can interact with one another, possibly by an
idiotype-antiidiotype-like mechanism.

Materials and Methods
Patients .

	

Sera were obtained from patients diagnosed and treated at The Rockefeller
University Hospital, Patients met accepted criteria for the classification of SLE, mixed
connective tissue disease (MCTD),' or progressive systemic sclerosis (PSS) (22-24).
This work was supported by National Institute of Arthritis, Diabetes, and Digestive and Kidney
Diseases Clinical Investigator Award AM-01499 to W. Reeves, National Institutes of Health grants
Al-10811 and AI-21061 to N. Chiorazzi, and General Clinical Research Center grant RR-00102 to
The Rockefeller University Hospital . Some of these findings have been presented in preliminary
form [W . H. Reeves, R. G. Lahita, andN. Chiorazzi . 1985 . Autoantibodies to a DNA-binding protein
and to DNA associated with serum cryoglobulins in systemic lupus erythematosus. Clin. Res. 33:511a
(Abstr .) .] .

'Abbreviations used in this paper :

	

dsDNA, double-stranded DNA; MCTD, mixed connective tissue
disorder; PSS, progressive systemic sclerosis ; RNP, ribonucleoprotein; ssDNA, single-stranded DNA.
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Serologic Evaluation .

	

Antibodies to p70/p80 were quantitated by ELISA, and their
presence was confirmed by immunoprecipitation of p70 and p80 (see below and reference
21). Antibodies to single- and double-stranded DNA (ssDNA and dsDNA) were quanti-
tated by RIA (25) and ELISA (26) . Rheumatoid factor was measured by latex fixation
and ELISA using rabbit gamma globulin as coating antigen (27) .

Isolation ofCryoglobulins.

	

Cryoprecipitates were isolated by centrifugation of patients'
ice cold sera at 8,740 g for 15 min; the pellets were washed with ice-cold PBS, pH 7 .5,
and then with distilled water, as described (9) . Each cryoprecipitate was resolubilized in
0.5 ml of PBS with agitation for 1 h at 37°C, and was centrifuged at 8,740g for 5 min to
remove insoluble material . Purity of the isolated cryoglobulins was monitored by electro-
phoresis on 12.5% SDS-polyacrylamide gels (28) using purified myeloma proteins as
standards .

Immunoprecipitation of Radiolabeled p70lp80.

	

K562 cells were metabolically labeled
with [asS]methionine as previously described (21) . Washed cells were lysed by sonication
in ice-cold 150 mM NaCl, 50 mM Tris pH 7.5, 2 mM EDTA, 0.5 mM PMSF, 5 mM
iodoacetamide, and were then centrifuged at 8,740 g for 5 min. Aliquots of the cleared
extract were immunoprecipitated for 1 h at 37°C with either 10 ul of cryoglobulin-
depleted serum (see above), or 10 wl of the isolated, resolubilized cryoprecipitate . The
immunoprecipitates were adsorbed to protein A-Sepharose 4B (Pharmacia Fine Chemi-
cals, Piscataway, NJ) for 90 min at 37°C, and radioactive proteins were eluted from the
beads by boiling in sample buffer, followed by analysis on 12.5% SDS-polyacrylamide gels
(21) and fluorography (29) .

Detection ofAutoantibodies in Cryoprecipitates.

	

Isolated cryoprecipitates were resolubil-
ized as above, and tested for reactivity with various antigens by ELISA at 37'C . Antibodies
to ss and dsDNA were measured by ELISA using microtiter plates (Costar, Cambridge,
MA) coated with ssDNA or dsDNA from calf thymus (Sigma Chemical Company, St .
Louis, MO), respectively (26) . Anti-p70/p80 antibodies in the isolated cryoprecipitates
were quantitated by ELISA using microtiter plates coated with anti-p70/p80 mAb 162-
11 (21) . We obtained crude p70/p80 antigen by adsorbing K562 cell lysate on DEAF
cellulose, and eluting with 0.3 M NaCI ; the eluted p70/p80 proteins were then immuno-
purified by binding to the mAb-coated wells for 2 h at 22 °C. We removed cellular DNA
bound to p70/p80 by washing the antigen-coated wells for 30 min with 0.5 M NaCl, 20
mM Tris (pH 7 .5), 2 mM EDTA (30) . Diluted test samples were added to the wells for 2
h at 37 ° C, followed by peroxidase-conjugated goat anti-human -Y or k chain antibodies
(Tago Inc., Burlingame, CA) for I h at 37 °C. Substrate was added and OD was read at
492 nm.

Assay for p70lp80 Antigen in Cryoprecipitates.

	

p70/p80 antigen in the isolated, resolu-
bilized cryoprecipitates was detected by ELISA (21) . Microtiter plates were coated with
162-11 antibodies as above, followed by the addition of diluted cryoprecipitate for 2 h at
37°C . The binding of alkaline phosphatase-conjugated 111-12 (an mAb that binds to a
different epitope of p70/p80 than does 162-11) was then measured .

Adsorption ofSera on DNA-Cellulose .

	

0.5 ml ofpatient CK serum (containing both anti-
p70/p80 and anti-DNA antibodies) was dialyzed against PBS (pH 7.2) and adsorbed on a
column of dsDNA cellulose (1 .0 gdry powder from Sigma Chemical Co . in PBS) for 1 h.
Unbound Ig was collected, and the column was washed extensively with PBS. Some of
the bound anti-DNA antibodies were eluted with 0.5 M NaCI, 20 mM sodium phosphate
buffer (pH 7.2). The eluate was dialyzed against PBS, and both eluate and effluent
fractions were tested by ELISA for anti-p70/p80 antibodies, anti-dsDNA, and anti-ssDNA
antibodies, and total Ig (31) . The specific activity of either anti-p70/p80 or anti-DNA in
the fractions was calculated as follows: (specific antibody in fraction X total antibody in
serum)/(total antibody in fraction X specific antibody in serum) .

Inhibition of Anti-p70/p80 Binding by anti-DNA mAbs .

	

Microtiter plates were coated
with either 162-11 or 1 11-12 purified mAbs at 10 kg/ml, incubated with p70/p80 antigen,
and washed with 0 .5 M NaCl to remove bound DNA as above . Sera containing anti-
p70/p80 antibodies were diluted 1 :10,000 in culture medium containing -1 jag/ml of
human IgM anti-DNA mAb or human IgM mAb without DNA reactivity . Anti-DNA
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TABLE I

mAbs tested included W 1, W4, W8, W18, W48, W64, and W94 (obtained by immortali-
zation of peripheral blood B cells from a patient with SLE, high levels of serum anti-DNA
antibodies, and trace amounts of serum anti-p70/p80 antibodies) (32) ; J2, J3, J7, and J8
(from a patient with MCTD, low levels of anti-DNA antibodies, and 1 :6,250 titer of anti-
p70/p80 antibodies, reference 31) ; M3 (from a normal volunteer with a family history of
SLE) ; and 15/14, 16/6, and 18/2 (a generous gift from Drs . Blair Ardman and Robert
Schwartz, Hematology/Oncology Division, Department of Medicine, Tufts New England
Medical Center, Boston, MA) (33) . Irrelevant control antibodies were D3A (IgM), AC
(IgM), EG5.1 (IgE, IgM), and U266 (IgE) . Each mAb was preincubated with diluted
serum for 30 min at 22 °C before adding 100 ul to each antigen-coated well for 2 h at
22'C . The wells were washed and then incubated for 90 min with 100 Al of 1 :1,500
peroxidase-conjugated goat anti-human L chain antibodies (a and a specificities, from
Tago Inc .) . After another washing, aminoantipyrine-phenol substrate was added and
absorbance read at 492 nm. Binding was compared with a standard curve generated by
different amounts of serum diluted in blocking medium .
We performed similar inhibition experiments using alkaline phosphatase-conjugated

162-11 or 111-12 mAbs ; for each conjugated mAb, the microtiter plate was coated with
antigen using the other (unconjugated) mAb as described (21) . The conjugated mAbs
were used at a final dilution of 1 :100 in culture medium alone or culture medium
containing ^-1 Ag/ml of human IgM mAb exactly as described above . The wells were
washed, p-nitrophenyl phosphate substrate was added, and absorbance measured at 405
nm .

Results

Serologic Evaluation .

	

Weanalyzed sera from six patients with connective tissue
disorders that contained anti-p70/p80 antibodies (Table 1) . By standard clinical
criteria (22-24), four of these patients had SLE, one had MCTD, and one had
PSS . The titers of anti-p70/p80 antibodies in the patients' sera ranged from
1 :250 to >1 :15,000,000 as measured by enzyme immunoassay . Sera from each
patient with SLE and from the patient with MCTD contained high levels of
antibodies to ssDNA and dsDNA, as well as cryoglobulins . In contrast, serum
from patient JK with PSS contained anti-p70/p80 antibodies at a titer of
1 :156,000, but no anti-DNA antibodies or cryoglobulins . None of the sera
contained IgM or IgG rheumatoid factors, as determined by latex fixation or
ELISA (Table I) .

Isolation of Cryoglobulins .

	

Since cryoglobulins represent a type of circulating

Serologic Characteristics ofPatients

Patient Diagnosis Anti-p70/p80* Anti-ssDNA$ Anti-dsDNAt Cr
globo

-
ulin

CK SLE >15,000,000 96.9 94.0 +
DJ SLE 156,250 77 .3 66.5 +
AT SLE 250 58.5 64.8 +
LG SLE 250 97 .6 100 .0 +
JM MCTD 3,906,250 40.7 23 .7 +
JK PSS 156,250 3 .8 2 .6 -
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FIGURE 1 .

	

Gel analysis of isolated cryoglobulins. Cryoglobulins were isolated from patient
CK andJM sera ; 0.1 ul ofserum after removal of the cryoprecipitate (CK Serum andJM Serum,
respectively), 5.0,ul of CK cryoprecipitate in PBS (CK Cryo) and 10 A1 ofJM cryoprecipitate in
PBS (JM Cryo) were analyzed by electrophoresis on a 12.5% SDS-polyacrylamide gel . Proteins
were visualized by staining the gel with Coomassie Blue R-250. Purified myeloma proteins
(6 .0 Wg/lane ofIgM is or IgG K, respectively) were also analyzed on the same gel for comparison .
The positions of 1 and 7 heavy chains and L chain are indicated. Arrow indicates serum
albumin .

immune complex (6, 9), it was of interest to examine the composition of the
cryoglobulins found in these sera. Cryoglobulins were isolated from four of the
sera shown in Table I (patients CK, AT, LG, and JM). Because cryoglobulins
can contain trapped extraneous serum proteins, the purity of the isolated,
redissolved cryoglobulins was determined by SDS-PAGE under reducing condi-
tions (Fig . 1) . The relative amounts of human serum albumin in each isolated
cryoglobulin, compared with those of cryoglobulin-depleted serum, were taken
as an index of purity (i .e ., lack of nonspecific trapping) . After removal of the
cryoprecipitate, serum from patient CK (CK Serum) contained a prominent band
corresponding to the mobility of human serum albumin (arrow), as well as less
prominent bands comigrating with A and y H chains and K L chains . The isolated
cryoglobulin (CK Cryo) contained A. and y H chains in approximately equal
amounts, as well as L chains, but only traces of serum albumin . p70/p80 antigen
was not detectable in the cryoprecipitates by Coomassie blue staining . We
obtained similar results using the cryoglobulin-depleted serum (JM Serum) and
isolated cryoglobulin (JM Cryo) from patient JM. Cryoglobulins from patients
AT and LG were of comparable purity and also contained mainly IgG and IgM



REEVES AND CHIORAZZI

	

1033

FIGURE 2. Immunoprecipitation of ['SS]methionine-labeled cell lysate using isolated cry-
oglobulins or serum depleted of cryoprecipitate. K562 erythroleukemia cells were labeled for
12 h with ["S]methionine and a cell lysate was immunoprecipitated at 37 °C with 10 Al of
normal human serum (NHS), CK serum after removal of the cryoprecipitate (CK Serum-Cryo),
CK-isolated cryoprecipitate (CK Isol. Cryo), JM serum after removal of the cryoprecipitate (IM
Serum-Cryo), orJM isolated cryoprecipitate (JM Isol. Cryo). Immunoprecipitates were adsorbed
to protein A-Sepharose, eluted by boiling in sample buffer, and analyzed on a 12.5% SDS-
polyacrylamide gel . Immunoprecipitated proteins were detected by fluorography . Positions of
proteins A, B, B', C, D, E, F, andG characteristically immunoprecipitated by anti-Sm or RNP
antibodies are indicated . The positions of p70 and p80 are indicated by arrows.

(not shown) . The pattern obtained with purified myeloma proteins is shown for
comparison (lane 1, IgM «; lane 2, IgG rc) . By comparing the amount of serum
albumin trapped in the isolated cryoglobulins with that in serial dilutions of
cryoglobulin-depleted serum, the concentration of serum albumin in the serum
was found to be at least 1,250 times that contained in each of the four isolated
cryoglobulins (i .e ., that the extent of nonspecific trapping of serum proteins in
the isolated cryoprecipitate was <0 .1 %) .

Composition of the Isolated Cryoglobulins .

	

To examine the specificities of the
Ig constituents of the cryoprecipitates, the isolated warmed cryoglobulins were
used to immunoprecipitate radioactively labeled cellular proteins (Fig . 2) . We
saw a strikingly different pattern of immunoprecipitated [sSS]methionine-labeled
proteins with patients CK andJM cryoglobulin-depleted sera than that seen with
their isolated cryoglobulins . CK cryoglobulin-depleted serum (CK Serum-Cryo)
immunoprecipitated prominent bands A, B, B', C, D, E, F, and G, consistent
with the presence of anti-Sm and antiribonucleoprotein (RNP) antibodies in this
serum, but very little p70/p80. In contrast, the isolated cryoglobulin (CK Cryo)
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TABLE II
Relative Amounts ofAntibodies in Isolated Cryoglobulins

0
*

* p70/p80 antigen (ELISA OD units) .
$ Quantity of antibody too small to permit calculation .

immunoprecipitated prominent bands ofM, ^-70,000 and 80,000 (arrows), which
typify anti-p70/p8O reactivity . Notably, the isolated cryoglobulin immunoprecip-
itated only traces of the small nuclear ribonuclear proteins A, B, B', C, D, E, F,
and G (compare CK Isol. Cryo with CK Serum-Cryo) . Similar results were obtained
with the cryoglobulin-depleted serum and the isolated cryoglobulin of patient
JM. In this case, the cryoglobulin-depleted serum (JM Serum-Cryo) immunopre-
cipitated prominent bands A-G because of the presence of >1 :10' titer of anti-
RNP antibodies in this serum; p70/p8O also appeared in this immunoprecipitate.
In contrast, the isolated cryoglobulin (JM Isol . Cryo) immunoprecipitated prom-
inent p70/p8O bands, but only traces of bands A-G. The pattern obtained using
normal human serum (NHS) is shown for comparison .
The amounts of serum autoantibodies in the isolated cryoglobulins were also

assessed by ELISA (Table II) . For each serum, we determined the enrichment
of specific autoantibodies relative to the amount of nonspecific trapping of
albumin. Anti-p70/p8O antibodies were enriched in each of the four isolated
cryoglobulins, and anti-DNA antibodies were enriched in three of the four .
Because of low levels of anti-DNA antibodies in JM serum (Table I), it could not
accurately be determined whether these antibodies were enriched in the cry-
oglobulin . IgM anti-p70/p8O and anti-DNA antibodies predominated over IgG
in each cryoprecipitate . Anti-Sm and RNP antibodies (patient CK) and anti-RNP
antibodies (patient JM) were not enriched in the isolated cryoglobulins (data not
shown) . Using a highly sensitive and specific ELISA, p70/p8O antigen was
detectable in the cryoprecipitate from patient AT, and in lesser quantities in the
other three isolated cryoglobulins .
Anti-p70/p80 and Anti-DNA Antibodies Are Distinct Immunoglobulin Popula-

tions. Since certain anti-DNA antibodies also can bind nuclear proteins such as
the Sm antigen (34), we tested the possibility that the anti-DNA and anti-p70/p8O
reactivities in these patients' sera and cryoprecipitates might be due to the same
antibodies . We warmed CK serum containing cryoglobulin to 37'C and adsorbed
it on dsDNA-cellulose ; the effluent and 0.5 M NaCl eluate were collected
separately (Table III) . The column effluent contained anti-p70/p8O activity, but
only traces of anti-DNA activity . The eluate contained anti-DNA antibodies at
-100-fold increased specific activity, but no anti-p70/p8O antibodies . Thus, the
anti-p70/p8O and anti-DNA antibodies in this serum are distinct Ig populations.
Binding ofAnti-p70/p80 Antibodies to Antigen Is Blocked by Anti-DNA mAbs .

	

The
above experiments suggested that the cryoglobulins present in these sera contain

Anti-p70/p80 Anti-dsDNA Anti-ssDNA
Patient p70/p

IgG IgM IgG IgM IgG IgM antige

CK 5 125 25 45 ND$ 40 0.10
JM 2 5 ND ND ND ND 0.02
AT ND 50 ND ND ND 19 0.30
LG 10 250 1 192 1 83 0.07
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TABLE III

Anti-p70/p80 Antibodies Can Be Separated from Anti-DNA Antibodies by
Adsorption on dsDNA-cellulose

* Absorbance at 492 nm (ELISA).
Eluate obtained with 500 mM NaCl .

§ Calculated as : (specific antibody in fraction X total antibody in serum)/(total
antibody in fraction X specific antibody in serum) .
Background activity .

CULTURE IVIED
AC OgMI

D3A (IgM,IgD)
ANTI-DNA (18/2)
ANTI-DNA (W8)
ANTI-DNA (W94)
ANTI-DNA (W48)

%BINDING TO P70/P80
20 40 60 80 100
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FIGURE 3.

	

Inhibition ofJM serum binding to p70/p8O by human anti-DNA mAbs . Microtiter
plates were coated with p70/p8O antigen by adsorption to mAb 162-11 ; the binding ofJM
anti-p70/p8O antibodies to antigen was measured by ELISA in the presence or absence of
human IgM mAbs at a final concentration of -1 jig/ml . Binding in the presence of inhibitors
is expressed as percent of control binding to p70/p8O as determined by comparison with a
standard curve ofJM serum binding to p70/p8O in the absence of inhibitors . Control mAbs
without anti-DNA reactivity were AC (IgM), and D3A (IgM plus IgD); IgM anti-DNA
antibodies tested included 18/2, W8, W94, and W48. SE is indicated.
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at least three components : anti-p70/p80 antibodies, anti-DNA antibodies, and
small amounts of p70/p80 antigen (in at least some instances) . Although both
anti-p70/p80 and anti-DNA antibodies would bind to the complex of p70/p80
and DNA, the antigen was only a minor component of the cryoglobulin, as
determined by SDS-PAGE (Fig. 1) and ELISA (Table II) . We therefore examined
the possibility that the Ig components of the cryoglobulins might self-associate .
Since rheumatoid factor activity was undetectable by ELISA and latex fixation
assays in either the isolated cryoglobulins or the sera, we examined the possibility
that anti-DNA and anti-p70/p80 antibodies might interact at their antigen-
combining sites . Because of the relatively small amounts of purified cryoprecip-
itate obtainable from the patients' sera, we used an inhibition assay to determine
whether human anti-DNA mAbs (32, 33) could inhibit the binding of anti-
p70/p80 antibodies to p70/p80 antigen . 1 of 15 anti-DNA mAbs tested inhibited
binding of JM anti-p70/p80 antibodies to p70/p80 antigen by -50% (Fig . 3,
anti-DNA 18/2). Lesser inhibition was displayed by others (e . g., anti-DNA W8),
while others showed no inhibition . IgM mAbs that were not reactive with DNA
(AC and D3A) displayed no substantial inhibition of binding. The anti-DNA

Antibody
Serum before
adsorption

(A492) *

Effluent

A492* Sp actl

Eluatet

A492* Sp act$

Anti-p70/p8O 0.93 0.47 0.63 0.01 1 0
Anti-ssDNA >2.0 0.05 0.11 0.25 110
Anti-dsDNA 0.89 0.041 0.0 0.08 63
Total IgG 0.97 0.92 - 0.10
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CULTURE IVIED [2
D3A (IgM,IgD)

AC (IgM)

ANTI-DNA (W4)

ANTI-DNA (W94)
ANTI-DNA (W4B)

ANTI-DNA (W8)
MONOCLONAL

CULTURE IVIED

03A (IgM,IgD)

AC (IgM)

ANTI-DNA (W4)

ANTI-DNA (W94)

ANTI-DNA (W4B)

ANTI-DNA (W8)
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H

MONOCLONAL ANTIBODY 162-11

FIGURE 4 .

	

Inhibition of binding of murine mAbs to p70/p8O by human anti-DNA mAbs.
For inhibition of 111-12 binding (top), microtiter plates were coated with 162-11 mAbfollowed
by p70/p8O antigen; for inhibition of 162-11 binding (bottom) plates were coated with 111-12
followed by p70/p8O antigen . Antigen binding of alkaline phosphatase-conjugated mAbs 111-
12 or 162-11, respectively, in the presence or absence ofhuman IgM mAbs at a concentration
of ^-1 gg/ml was determined by ELISA. Binding in the presence of inhibitors is expressed as
percent control binding to p70/p8O as determined by comparison with standard curves of
alkaline phosphatase-conjugated 111-12 or 162-11 binding to p70/p8O in the absence of
inhibitors. Control mAbs without anti-DNA reactivity were AC (IgM) and D3A (IgM plus
IgD) ; IgM anti-DNA antibodies tested included W4, W94, W48, and W8. SE is indicated.

mAbs alone displayed no binding to the p70/p80 antigen-coated wells, showing
that cellular DNA fragments bound to p70/p80 had been removed by the 0.5
M NaCl wash (see Materials and Methods), and that the monoclonal antibodies
had no cross-reactivity with p70/p8O.
Murine monoclonal anti-p70/p80 antibodies were also tested in the inhibition

ELISA. Monoclonal antibodies 111-12 and 162-11 were previously shown to
bind to distinct antigenic sites ofp70/p80 (21) . The binding of 111-12 to p70/p80
was inhibited substantially by several monoclonal anti-DNA antibodies including
W4 and W94 (Fig . 4, top) . Other anti-DNA mAbs inhibited less strongly or not
at all (Fig . 4, top, W48), while irrelevant IgM monoclonal antibodies AC and
D3A did not inhibit significantly . Neither the control IgM mAbs nor any of the
15 anti-DNA mAbs inhibited 162-11 binding to p70/p80 (Fig . 4, bottom).

Discussion
We have previously described autoantibodies that react with a DNA-binding

protein complex, consisting of ^-70,000 and ^80,000 dalton subunits, in sera
from patients with SLE, MCTD, and PSS (21) . Recently, exchange of sera has
shown that this antigen is identical to the Ku antigen (35, 36). The present study
extends our previous observation that anti-p70/p80 antibodies are frequently
associated with high levels of serum anti-DNA antibodies in patients with SLE,
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and in some patients with MCTD, suggesting that in these patients, a macromo-
lecular complex consisting of the p70 and p80 proteins bound to DNA may be
a major target of autoimmunity . Similarly, autoantibodies to several components
of macromolecular complexes involved in mRNA splicing frequently occur
together (37-40). The reasons for the linked production of autoantibodies to
different components of the same macromolecular assembly are not well under-
stood. One possibility is that a single autoantibody crossreacts with more than
one component of the complex. For instance, an mAb reactive with both the Sm
protein antigen and DNA has been described recently (34) . This mechanism
cannot explain the linkage of anti-p70/p80 and anti-DNA antibodies in our
patients' sera, however, since the two autoantibody specificities can be separated
by adsorption on DNA-cellulose (Table III) . Asecond possibility is that antibodies
to a normally nonimmunogenic molecule, such as DNA, can arise due to an
association with an immunogenic protein . This mechanism has been proposed as
an explanation for the observation that anti-DNA antibodies are produced during
the course of immunizing animals with RNA polymerase, another DNA-binding
protein (41) . We cannot rule out a similar mechanism to explain the strong
association of anti-DNA antibodies with anti-p70/p80 antibodies . However,
another possibility is that certain linked autoantibodies are part of immune
networks (20, 42) . For example, immunization of animals with BisQ, an acetyl-
choline analog, results in the production of anti-acetylcholine antibodies as well
as anti-antiacetylcholine antibodies, some of which react with the acetylcholine
receptor and induce a myasthenia gravis-like syndrome (43) . Autoantibodies to
other cellular receptors can be induced as part of an antiidiotypic response to
antihormone antibodies (44, 45) or anti-viral antibodies (46) . By analogy, DNA
might be considered to be a receptor for DNA-binding proteins such as p70/p80 ;
our present study supports the notion that certain anti-p70/p80 antibodies might
be linked to anti-DNA antibodies through an autoimmune network.

In this study, the analysis of cryoglobulins (i . e., immune complexes, Table I)
found in the sera of SLEpatients with anti-p70/p80 antibodies revealed a specific
enrichment in anti-p70/p80 and anti-DNA antibodies, but not other autoanti-
bodies such as anti-Sm or anti-RNP (Fig . 2, Table I1) . Although small amounts
of p70/p80 antigen were detectable in several of the isolated cryoprecipitates
(Table 1), the predominant components of the cryoglobulins were IgG and IgM
(Fig . 1), suggesting, as has been found with other isolated cryoglobulins (11, 47),
that the Ig may self-associate . This possibility was supported by the finding that
preincubation of the patients' anti-p70/p80 antibodies with human anti-DNA
mAbs inhibited their ability to bind antigen (Figs . 3 and 4) . An interaction
between anti-p70/p80 and anti-DNA antibodies in the cryoglobulins is not likely
to be due to rheumatoid factor-like activity, since both the sera and the isolated
cryoprecipitates had no rheumatoid factor activity detectable by either latex
fixation or by ELISA (Table 1) . In addition, the selectivity o£ antibodies in the
cryoprecipitates argues against a rheumatoid factor-like interaction . Since the
anti-DNA mAbs inhibited binding of anti-p70/p80 antibodies to p70/p80 antigen
(Fig . 3), and since the anti-DNA mAbs do not bind to other Ig (32) or to p70/p80
antigen, the anti-DNA antibodies most likely interact with the antigen-combining
site of anti-p70/p80 antibodies . However, we have not yet determined if the
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p70/p8O antibodies bind to the antigen-combining site or a noncombining site
V region determinant of anti-DNA antibodies, i.e ., whether the two species of
autoantibodies are homobodies or epibodies (48) . Antibodies to hormones and
their antiidiotypes that react with hormone receptors (42, 48) are thought to be
examples of homobodies or internal images . In contrast to epibodies, homobodies
appear to share certain topographical features with antigen, and are thus fre-
quently not restricted to a specific individual or animal species (49) . It is
noteworthy, therefore, that human anti-DNA antibodies inhibited antigen bind-
ing of other patients' anti-p70/p8O antibodies as well as a murine anti-p70/p8O
mAb (Fig . 4) . If certain anti-p70/p8O and anti-DNA antibodies are, in fact,
homobodies, then it would be predicted that a population of autoantibodies
reactive with the DNA-binding site of p70/p8O exists in the sera and isolated
cryoglobulins of these patients . Preliminary studies suggest that this may be the
case (unpublished observation) .
The association ofanti-DNA and anti-p70/p8O autoantibodies in these patients'

sera may be relevant to their immune complex disease. Immune complex for-
mation is a central feature of the network theory (50), and deposition of immune
complexes is thought to be an important aspect of immune injury in SLE (2, 7,
8) . The present studies suggest that immune complexes consisting of anti-DNA
antibodies bound to the V regions of anti-p70/p8O antibodies occur in the sera
of some patients with SLE. Other anti-DNA antibodies that bind to the Fc
portion of Ig have also been described (51) . The production of anti-DNA
antibodies as antiimmunoglobulins (reactive with either variable or constant
regions) might be one way of generating autoantibodies to a normally nonim-
munogenic substance, such as DNA. However, we cannot tell from these studies
how frequently such antibodies are encountered, or whether they are significant
in the pathogenesis of immune complex disease. In regard to the latter issue,
preliminary studies in our laboratory indicate that in one patient with SLE, a
sharp rise in anti-p70/p8O antibodies occurred just before a parallel rise in serum
anti-DNA antibodies and cryoglobulins, and a decline in complement levels and
worsening of lupus nephritis (52) . It seems plausible that immune complexes
consisting of anti-p70/p8O and anti-DNA (idiotype-antiidiotype) might have
played a role in the patient's renal deterioration . Thus, the significance of anti-
DNA antibodies in SLE might be analogous, in some respects, to that of
rheumatoid factors in rheumatoid vasculitis, where immune complexes consisting
of Ig and rheumatoid factor are thought to play a significant pathogenic role
(53) . In contrast to the patients with SLE, a patient with PSS and high serum
levels of anti-p70/p8O antibodies did not produce anti-DNA antibodies or cry-
oglobulins (Table I, patient JK), and maintained nearly constant levels of anti-
p70/p8O antibodies over time (unpublished observation). This is of particular
interest, since whereas American patients with anti-p70/p8O antibodies have
presented with a relatively broad spectrum of autoimmune disease, including
SLE, MCTD, and PSS (21, 36), Japanese patients have presented mainly with
PSS-polymyositis overlap syndrome (35) . It will be of interest to see whether the
different clinical presentation of the latter group of patients might reflect an
inability to generate a population of antibodies with dual Ig-DNA reactivity .



Summary
We have previously shown that sera from some patients with SLE and related

disorders contain autoantibodies to a DNA-binding protein complex designated
p70/p8O . The present study shows that anti-p70/p8O autoantibodies are fre-
quently accompanied by anti-DNA antibodies and cryoglobulins . When the
cryoglobulins were isolated, they were found to be specifically enriched in both
anti-p70/p8O and anti-DNA activities . The anti-p70/p8O and anti-DNA antibod-
ies were found to be distinct populations of autoantibodies rather than a single
crossreactive species, since they could be separated from one another by chro-
matography on DNA-cellulose . Certain human anti-DNA mAbs could inhibit the
binding of autoimmune polyclonal anti-p70/p8O antibodies to p70/p8O, suggest-
ing that anti-DNA antibodies might also associate with the variable regions of
some anti-p70/p8O antibodies in the cryoglobulins . Binding of one murine anti-
p70/p8O mAb (111-12) also was inhibited by certain human anti-DNA mAbs,
but the binding of another murine mAb (162-11) to a different epitope of
p70/p8O was not . These studies suggest that certain anti-DNA antibodies may
interact with the variable regions of a population of anti-p70/p8O antibodies .
The cryoglobulins found in the sera containing both anti-p70/p8O and anti-DNA
antibodies may represent immune complexes consisting, in part, of idiotype and
antiidiotype .

The authors wish to thank Drs . Robert Schwartz and Blair Ardman for supplying anti-
DNA mAbs 18/2, 16/6, and 15/4 ; Drs . Robert Lahita and Lloyd Mayer for supplying
many of the sera used for these studies ; and Drs. Constantin Bona, Lloyd Mayer, and
Gregory Siskind for useful discussions . The superb technical assistance of Ms . Amy Salerno
and Ms . Ruth Brooks is gratefully acknowledged .

Receivedfor publication 2June 1986 .

REEVES AND CHIORAZZI

	

1039

References
1 . Tan, E . M . 1982 . Autoantibodies to nuclear antigens (ANA) : their biology and

medicine . Adv. Immunol. 33 :167 .
2 . Haakenstad, A. O., and M. Mannik . 1977 . The biology of immune complexes . In

Autoimmunity . N . Talal, editor . Academic Press, New York . 277-360 .
3 . Christian, C. L ., W. B . Hatfield, and P . H . Chase . 1963 . Systemi c lupus erythematosus .

Cryoprecipitation of sera . J . Clin . Invest. 42 :823 .
4 . Hanauer, L . B ., and C . L . Christian . 1967 . Studies of cryoproteins in systemic lupus

erythematosus . J. Clin. Invest. 46:400 .
5 . Stastny, P ., and M. Ziff. 1969 . Cold-insoluble complexes and complement levels in

systemic lupus erythematosus . N. Engl. J. Med. 280:1376 .
6 . Brouet, J-C ., J-P . Clauvel, F . Danon, M. Klein, and M . Seligmann . 1974 . Biologic

and clinical significance of cryoglobulins . A report of 86 cases . Am. J. Med . 57:775 .
7 . Krishnan, C., and M. H . Kaplan . 1967 . Immunopathologic studies of systemic lupus

erythematosus . II . Antinuclear reaction of gamma-globulin eluted from homogenates
and isolated glomeruli of kidneys from patients with lupus nephritis . J. Clin . Invest.
46:569 .

8 . Koffler, D., V . Agnello, and H. G . Kunkel . 1974 . Polynucleotide immune complexes
in serum and glomeruli of patients with systemic lupus erythematosus . Am. J. Pathol.
74:109 .



1040

	

INTERACTION BETWEEN TWO AUTOANTIBODIES IN LUPUS

9 . Winfield, J . B., D . Koffler, and H . G . Kunkel . 1975 . Specific concentration of
polynucleotide immune complexes in the cryoprecipitates of patients with systemic
lupus erythematosus . J . Clin. Invest. 56 :563 .

10 . Koffler, D., P . H . Schur, and H. G . Kunkel . 1968 . Immunologica l studies concerning
the nephritis of systemic lupus erythematosus .J. Exp . Med. 126:607 .

11 . Kunkel, H. G. 1984 . Human antiidiotypic antibodies. In Idiotypy in Biology and
Medicine . Academic Press, New York . 429-436 .

12 . Izui, S ., P . H . Lambert, and P . A . Miescher . 1977 . Failur e to detect circulating DNA:
anti-DNA complexes in systemic lupus erythematosus . Clin . Exp. Immunol . 30:384 .

13 . Davis, J . H., S . M . Godfrey, andJ . B . Winfield . 1978 . Direc t evidence for circulating
DNA/anti-DNA complexes in systemic lupus erythematosus. Arthritis Rheum . 21 :17 .

14 . Morimoto, C., H . Sano, T . Abe, M . Homma, and A. D . Steinberg . 1982 . Correlation
between clinical activity of systemic lupus erythematosus and the amounts of
DNA/anti-DNA antibody immune complexes . J. Immunol . 139 :1960 .

15 . Agnello, V., D . Koffler, J . W. Eisenberg, R . J . Winchester, and H. G. Kunkel . 1971 .
C lq precipitins in the sera of patients with systemic lupus erythematosus and other
hypocomplementemic states : characterization ofhigh and low molecular weight types .
J. Exp. Med . 134:228s .

16 . Silvestris, F ., A . D . Bankhurst, R . P . Searles, and R . C . Williams . 1984 . Studies of
anti-F(ab') 2 antibodies and possible immunologic control mechanisms in systemic
lupus erythematosus . Arthritis Rheum . 27:1387 .

17 . Cunningham-Rundles, C . 1982 . Naturally occurring autologous anti-idiotypic anti-
bodies : participation in immune complex formation in selective IgA deficiency . J.
Exp. Med . 155:711 .

18 . Abdou, N. I ., H . Wall, H. B . Lindsley, J . F . Halsey, and T . Suzuki . 1981 . Network
theory in autoimmunity : In vitro suppression of serum anti-DNA antibody binding
to DNA by antiidiotypic antibody in systemic lupus erythematosus. J. Clin . Invest.
67:1297 .

19 . Nasu, H ., D . S . Chia, D . W . Knutson, and E . V. Barnett . 1980 . Naturally occurring
human antibodies to the F(ab')2 portion of IgG . Clin. Exp. Immunol. 42:378 .

20 . Plotz, P . H . 1983 . Autoantibodies are anti-idiotype antibodies to antiviral antibodies .
Lancet . 2:284 .

21 . Reeves, W. H . 1985 . Use of monoclonal antibodies for the characterization of novel
DNA-binding proteins recognized by human autoimmune sera . J. Exp. Med . 161 :18 .

22 . Tan, E. M., A . S . Cohen, J . F . Fries, A . T . Masi, D . J . McShane, N . F . Rothfield, J .
Green Schaller, N . Talal, and R . J . Winchester . 1982 . The 1982 revised criteria for
the classification of systemic lupus erythematosus . Arthritis Rheum . 25:1271 .

23 . Sharp, G . C ., W . S . Irvis, E . M. Tan, R . G . Gould, and H. R . Holman . 1972 . Mixed
connective tissue disease : an apparently distinct rheumatic disease syndrome associ-
ated with a specific antibody to an extractable nuclear antigen (ENA) . Am. J. Med.
52:148 .

24 . Subcommittee for Scleroderma Criteria of the American Rheumatism Association
Diagnostic and Theraputic Criteria Committee . 1980 . Preliminary criteria for the
classification of systemic sclerosis (scleroderma) . Arthritis Rheum . 23 :581 .

25 . Wold, R . T., F . E. Young, E . M . Tan, and R . S . Farr . 1968 . Deoxyribonucleic acid
antibody : a method to detect its primary interaction with deoxyribonucleic acid .
Science (Wash . DC) . 161 :806 .

26 . Eaton, R . B ., G . Schneider, and P . H . Schur . 1983 . Enzyme immunoassay for
antibodies to native DNA . Specificity and quality of antibodies . Arthritis Rheum.
26:52 .

27 . Froelich, C . J ., and R . C . Williams . 1980 . Tests for the detection of rheumatoid



REEVES AND CHIORAZZI

	

104 1

factors . In Manual of Clinical Immunology . Second Edition . N . R . Rose and H.
Friedman, editors . American Society for Microbiology, Washington, DC . 871-873 .

28 . Weber, K., and M. Osborn . 1975 . Proteins and sodium dodecyl sulfate : molecular
weight determination on polyacrylamide gels and related procedures . In The Pro-
teins. H. Neurath and R. L . Hill, editors . Academic Press, New York . 179-223 .

29 . Bonner, W., and R . Laskey . 1974 . A film detection method for tritium-labeled
proteins and nucleic acids in polyacrylamide gels . Eur . J. Biochem. 46:83 .

30 . Reeves, W. H . 1986 . Antinuclear antibodies as probes to explore the structural
organization of the genome . J . Rheumatol . In press .

31 . Voller, A., D . Bidwell, and A. Bartlett . 1980 . Enzyme-linked immunosorbent assay .
In Manual of Clinical Immunology . Second Edition . N . R . Rose and H. Friedman,
editors . American Society for Microbiology, Washington, DC. 359-371 .

32 . Chiorazzi, N ., R . Bigler, R . Taylor, R . Lahita, and W. Reeves . 1986 . Antigen-binding
properties of a subset of human IgM monoclonal antibodies reactive with DNA.
Arthritis Rheum . 29:S71 . (Abstr .)

33 . Shoenfeld, Y., J . Rauch, H. Massicotte, S . K . Datta, J . Andre-Schwartz, B . D . Stollar,
and R . S . Schwartz . 1983 . Polyspecificity of monoclonal lupus autoantibodies pro-
duced by human-human hybridomas . N . Engl . J. Med . 308 :414 .

34 . Pisetsky, D . S ., S . O . Hoch, C . L . Klatt, M. A . O'Donnell, and J . D . Keene. 1985 .
Specificity and idiotypic analysis of a monoclonal anti-Sm antibody with anti-DNA
activity . J. Immunol. 135:4080 .

35 . Mimori, T ., M . Akizuki, H . Yamagata, S . Inada, S . Yoshida, and M. Homma. 1981 .
Characterization of a high molecular weight acidic nuclear protein recognized by
autoantibodies in sera from patients with polymyositis-scleroderma overlap .I Clin .
Invest. 68:611 .

36 . Francoeur, A-M., C . L . Peebles, P . T . Gompper, and E . M . Tan . 1986 . Identification
of Ki (Ku, p70/p80) autoantigens and analysis of anti-Ki autoantibody reactivity . J.
Immunol. 136:1648 .

37 . Mattioli, M., and M. Reichlin . 1973 . Physical association of two nuclear antigens and
mutual occurrence of their autoantibodies : the relationship of the Sm and RNA
protein (Mo) systems in SLE sera . J . Immunol . 110:1318 .

38 . Reeves, W. H., D . E . Fisher, R . G . Lahita, and H. G . Kunkel . 1985 . Autoimmune
sera reactive with Sm antigen contain high levels of RNP-like antibodies . J. Clin .
Invest . 75 :580 .

39 . Reeves, W. H ., D . E . Fisher, R . Wisniewolski, A . B . Gottlieb, and N. Chiorazzi . 1986 .
Psoriasis and Raynaud's phenomenon associated with unusual Ul and U2 small
nuclear ribonucleoprotein reactivity . N. Engl. J . Med. 315:105 .

40 . Hardin, J . A., C . Gelpi, J . Downs, and T . Mimori . 1985 . Autoantibodies to hnRNP
in patients with SLE . Clin . Res. 33:507a (Abstr .)

41 . Steder, D . A ., and S . T . Jacob . 1985 . Immunization of rabbits with purified RNA
polymerase I induces a distinct population of antibodies against nucleic acids as well
as anti-RNA polymerase I antibodies, both characteristic of systemic lupus erythe-
matosus . Proc . Natl. Acad . Sci . USA . 82:6797 .

42 . Erlanger, B . F . 1985 . Anti-idiotypic antibodies : what do they recognize? Immunol.
Today. 6:10 .

43 . Cleveland, W. L ., N . H . Wasserman, R . Sarangarajan, A . S . Penn, and B . F . Erlanger .
1983 . Monoclonal antibodies to the acetylcholine receptor by a normally functioning
auto-anti-idiotypic mechanism Nature (Lond .) . 305:56 .

44 . Sege, K., and P . A . Peterson . 1978 . Use of anti-idiotypic antibodies as cell-surface
receptor probes . Proc . Natl. Acad . Sci. USA . 75 :2443 .

45 . Schreiber, A . B ., P . O . Couraud, C . Andre, B . Vray, and A. D . Strosberg. 1980 .



1042

	

INTERACTION BETWEEN TWO AUTOANTIBODIES IN LUPUS

Anti-alprenolol anti-idiotypic antibodies bind to beta-adrenergic receptors and mod-
ulate catecholamine-sensitive adenylate cyclase . Proc. Natl . Acad . Sci . USA . 77:7385 .

46 . Noseworthy, J . H., B . N . Fields, M. A . Dichter, C . Sobotka, E . Pizer, L . L . Perry, J .
T . Nepom, and M. I . Greene . 1983 . Cel l receptors for the mammalian reovirus . 1 .
Syngeneic monoclonal anti-idiotypic antibody identifies a cell surface receptor for
reovirus . J. Immunol. 131 :2533 .

47 . Geltner, D ., E . C . Franklin, and B . Frangione . 1980 . Antiidiotypic activity in the IgM
fractions of mixed cryoglobulins . J . Immunol . 125 :1530 .

48 . Bona, C . A., S . Finley, S . Waters, and H . G . Kunkel . 1982 . Anti-immunoglobuli n
antibodies. III . Properties ofsequential anti-idiotypic antibodies to heterologous anti-
.y globulins . Detection of reactivity of anti-idiotype antibodies with epitopes of Fc
fragments (homobodies) and with epitopes and idiotopes (epibodies) . J. Exp . Med.
156:986 .

49 . Gaulton, G . N ., and M. 1 . Greene . 1986 . Idiotypic mimicry of biological receptors .
Annu . Rev . Immunol . 4 :253 .

50 . Jerne, N . K . 1976 . The immune system a web of V-domains . Harvey Lect. 70:93 .
51 . Rauch, J ., H . Tannenbaum, K . Straaton, H. Massicotte, and J . Wild . 1986 . Human-

human hybridoma autoantibodies with both anti-DNA and rheumatoid factor activ-
ities . J. Clin . Invest. 77:106 .

52 . Reeves, W. H., and R . G . Lahita . 1986 . Co-production of autoantibodies to DNA
and DNA-binding proteins in active systemic lupus erythematosus (SLE) . Arthritis
Rheum. 29:593 . (Abstr .)

53 . Scott, D . G . L, P . A . Bacon, C . Allen, C . J . Elson, and T. Wallington . 1981 . IgG
rheumatoid factor, complement and immune complexes in rheumatoid synovitis and
vasculitis : comparative and serial studies during cytotoxic therapy . Clin. Exp. Immunol .
43:54 .


