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Since autoantibodies (Abs) to cytokines may modify their biologic activities, high-afJinity binding 
factors for interleukin-I a (IL-I a BF) were characterized in human sera. IL-1 a BF was 
idendjied as IgG (I) by sucrose density-gradient centrlfugation followed by immunodiffusion 
autoradiography, (2) by ligand-blotting method, (3) by ligand binding to afinity-immobilized 
serum IgG, and (4) by IgG afJinity purljication followed by sucrose density-gradient 
centrifugation. IL-1 a binding activity resided in the F(ab), fragment. The apparent equilibrium 
constant was in the range of IgG found after immunization with conventional antigens (i.e., 
10m9 to IO-lo mollL). Anti-IL-l a IgG auto-Abs represented only an extremely small fraction of 

total IgG (<I /10-5). Some sera with IL-I a BF and puriJied IgG thereof were able to inhibit by 
96% to 98% the binding of human recombinant IL-l a to its receptor on murine thymoma 
EL4-6.1 cells, whereas other sera did not. When “7-labeled anti-IL-l a IgG complexes were 
injected into rats, they prolonged the plasma half-life of ‘ZSI-labeled IL-1 a several fold and 
altered its tissue distribution. The predominant class was IgG (12/19), mainly IgG4 (9/19), but 
in five of the sera, anti-IL-l a IgA was also detected. In a screening of 271 sera, IL-l a! BF was 
detected in 17198 normal subjects and was not more frequent in several control groups of 
patients, except in patients with Schnitzler’s syndrome (fever, chronic urticaria, bone pain, and 
monoclonal IgM parprotein) (619; p < 0.005). The pathologic significance of these autodbs 
remains to be determined. (J ALLERGY CLIN IMMUNOL 1991;88:244-56.) 

Key words: IgA autoantibodies, IgG4 autoantibodies, interleukin-1 plasma clearance, 
Schnitzler’s syndrome, urticaria, and macroglobulinemia 

In a preliminary study of a patient affected by a 
rare syndrome characterized by fever, chronic urti- 
caria, bone pain, and monoclonal IgM paraprotein 
(SS’), we identified serum IgM with immunoreactivity 
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Abbreviations used 
IL- 1: Interleukin-1 

IL- lcu. BF: Interleukin- la binding factor 
rh: Recombinant human 
SS: Schnitzler’s syndrome 

TNF: Tumor necrosis factor 
Ab: Antibody 

PAGE: Polyacrylamide gel electrophoresis 
PBS: Phosphate-buffered saline 

K,: Apparent equilibrium constant 
(Michaelis-Menten constant) 

PEG: Polyethylene glycol 

against IL-lcx by immunoblotting analysis.’ We thus 
attempted to characterize further auto-Abs to cyto- 
kines. This was also done because signs and symptoms 
of u&aria with systemic reactions, such as fever, 
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FIG. 1. IL-la BF of a patient with SS analyzed by sucrose density-gradient centrifugation. Serum 
was incubated with ‘Wabeled IL-la and centrifuged at 30,000 rpm for 16 hours; ‘251-labeled IL- 
la incubated with buffer alone (k); ‘261-labeled IL-la incubated with SSl serum (0); and T- 
labeled IL-la incubated with SSI serum in presence of 2000-fold excess of cold IL-la (O).Arrows 
indicate the sedimentation of ‘251-labeled human IgM and IgG, and ‘251-labeled bovine serum 
albumin. Note: the incorporation of ‘251-labeled IL-la into large molecular weight complexes in 
the patient’s serum, which was reversed by excess cold IL-la. 

might involve IL-l3 and because Abs to cytokines 
might be able to attenuate or amplify the effect of 
these active biologic mediators by various mecha- 
nisms, such as altered tissue distribution.4. ’ The pur- 
pose of the present study was to identify the immu- 
noglobulin classes and subclasses involved in IL-la 
binding activity, to analyze binding activity of F(ab), 
fragments, to study interference of these immuno- 
globulins with binding of ‘251-labeled IL-la to its re- 
ceptor, to investigate the effect of IL-la BF on plasma 
clearance and tissue distribution of IL-la in the rat, 
and to analyze IL-la BF in a large panel of sera from 
normal control subjects and patient groups with var- 
ious inflammatory diseases chosen to mimic the signs 
and symptoms of SS. 

PATIENTS AND METHODS 
Methods 

Reagents. Iodinated (“‘I) rh IL- 1 (Y and IL- 1 p (specific 
activities, 2300 and 1600 Ci/mmol/L, respectively) were 
purchased from Amersham (Amersham International, Buck- 
inghamshire, U.K.). ‘251-labeled rh TNF-u (specific activity, 
1500 Ci/mmol/L) was a gift from Glaxo (Geneva, Switz- 
erland) . 

For inhibition studies in the receptor-binding assay, rh 
IL-la (Glaxo) was iodinated according to the chloramine- 
T method, as previously described.6 “9-labeled IL-lu re- 
tained full biologic activity and had a specific activity of 3 
to 5 X lo5 cpm/ng. 

Preparation of IgG and F(ab), fragments. IgG and IgG- 

depleted sera were obtained by passing 1 ml of serum three 
times over 5 ml of protein G-Sepharose columns (Pharmacia 
LKB, Uppsala, Sweden) previously equilibrated with 20 
mmol/L of sodium phosphate buffer, pH 7 (starting buffer), 
eluted with 200 mmol/L of glycine HCL, pH 2.8 (elution 
buffer), and immediately neutralized with 1 mol/L of Tris 
buffer, pH 9.0. The IgG was concentrated to 10 mglml, 
and the IgG-depleted sera was concentrated to their original 
volume. F(ab), fragments were obtained by digestion of 50 
mg of IgG with 1 mg of pepsin (Sigma Chemical Co., St. 
Louis, MO.) in sodium acetate buffer, pH 4.5, for 16 hours 
at 37” C. The F(ab)z fragments were purified by gel filtration 
on Sephacryl S-200 (Pharmacia), and the undigested IgG 
contaminant was removed by chromatography on protein 
G-Sepharose. The purity of F(ab), was tested by sodium 
dodecyl sulfate-PAGE under reducing and nonreducing con- 
ditions. 

Binding studies. Binding studies were done by incubation 
of either 0.010 to 1 nmol/L of (5500 to 550,000 cpm) IL- 
la, 0.132 nmol/L of rh IL-l@ (48,000 cpm), or 0.132 
nmol/L of TNF-a (45,000 cpm) for 1 hour at 37” C in 100 
~1 of PBS containing 0.03% PEG 6000 (Merck, Zurich, 
Switzerland) with serum at various dilutions, IgG, or F(ab), 
fragments. The specificity of the IL- la binding was assessed 
by adding 2000-fold excess of unlabeled IL-la into the 
solutions. The binding reaction was analyzed with two pro- 
cedures: 

1. Sucrose density-gradient centrifugation: The samples 
were layered onto a continuous sucrose gradient (4.5 
ml, 10% to 50% wt/vol in PBS) and run overnight at 
30,000 rpm at 4” C with a swing-out TST.55.5 Kontron 
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FIG. 2. Double immunodiffusion of sucrose density-gradient fractions (from 13 to 18; see Fig. 
1) of SSI serum revealed by antihuman IgG. A, Coomassie brilliant blue protein staining; IgG 
is localized in fractions 15 to 18. B, Autoradiography of A. A radioactive line in fraction 15 
(arrows) indicating Wlabeled IL-la-IgG complex produced by the serum illustrated in Fig. 1. 

rotor (Kontron, Basel, Switzerland). Fractions (200 ~1) 
were collected (n = 24) and counted for radioactivity. 
Radiolabeled bovine serum albumin, IgG, and IgM 
served as 5.5 Svedberg’s unit (S), 7S and 19s markers, 
respectively.’ By this technique, peaks separated by two 
fractions indicate a significant difference in size.’ 

2. PEG precipitation: Two hundred fifty microliters of 20% 
PEG in PBS was added to 100 yl sample, mixed, and 
centrifuged (2000 g) for 10 minutes at 4” C. The radio- 
activity of both the pellet and the supematant was 
counted, expressed as percentage of precipitated radio- 
activity calculated after subtraction of percentage of 
nonspecific precipitation obtained with buffer alone 
(8% + 1%). The titer of IL-la BF, which represents 
the final dilution that precipitated >lO% of Y-labeled 
IL-la was determined in sera diluted up to 1 / 320. 

K, was studied in 11 selected sera chosen for high IL- 
la BF activity (i.e., >20% PEG precipitation) to optimize 
the affinity studies: four from patients with SS, five from 
patients with other skin diseases, one from a kidney-graft 
patient, and one sera from a normal subject. One hundred 
microliters of serum was incubated for 1 hour at 37” C with 
0.01, 0.02, 0.03, 0.05, 0.10, 0.50, and 1 nmol/L of Y- 
labeled IL-la, and was then precipitated with PEG, as de- 
scribed above. The apparent K, was determined according 
to the Michaelis-Menten equation. All binding studies were 
done in duplicate or triplicate. 

L&and-blotting assay. Three microliters of sera was run 
in 5% PAGE in nondenaturating conditions and transferred 
onto nitrocellulose sheets. After blocking proteins in PBS 
containing 5% defatted milk (Regilait, France Lait, St. 
Martin-Belle-Roche, France), pH 7.2 (blocking buffer), the 

nitrocellulose sheets were incubated overnight at 4” C wiih 
0.132 nmol/L of ?-labeled IL- lcx in blocking buffer alone 
or with either lOO-fold excess unlabeled IL-la or IL-l@. 
After a wash in PBS (total, 1 L), the sheets were overlayed 
with x-ray films (X-OMAT, Kodak, Lausanne, Switzerland) 
and exposed at -70” C for 1 week. The positions of im- 
munoglobulins were determined on separate nitrocellulose 
sheets revealed with peroxidase-labeled goat anti-p or anti- 
y human heavy immunoglobulin chains (Institut Pasteur, 
Paris, France). 

Ligand binding to afinity-immobilized serum IgG. Sera 
were loaded onto protein G-Sepharose columns as described 
above. After an extensive wash with starting buffer, I*?- 
labeled IL-la was added (50,000 cpm), washed, and finally 
eluted with elution buffer. Column effluent from the washing 
and elution steps was counted in a gamma counter. 

Double immunodiffusion autoradiography. ‘Z*I-labeled 
IL-la was incubated with undiluted serum or with the peak 
of IL- I CL BF from the sucrose gradient for 1 hour at room 
temperature to allow the formation of IL- 1 a BF complexes. 
The samples were then added to wells in a 2% agarose gel 
(Ouchterlony’s method) against various antisera (rabbit an- 
tihuman immunoglobulin y, p, and CL heavy chains and K 

and A light chains from Behring [Hoechst-Pharma, Zurich, 
Switzerland]; sheep antihuman immunoglobulin yl and y2 
from Serotec [Inotech, Wohlen, Switzerland]; and anti y3 
and y4 from Miles Scientific [Dr. R. Streuli, Zurich, Switz- 
erland]). The formation of IL-la BF complexes was 
checked by the colocalization of the precipitation line re- 
vealed by Coomasie brilliant blue staining of the gels and 
the lines produced on the x-ray film by autoradiography of 
the same gels (exposure time, 2 weeks at -70” C). 
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In vitro inhibition studies of IL-1 a receptor binding. 
Binding of ‘*‘I-labeled IL- lol was performed on the murine 
thymoma El&6.1 cells, as previously described.6 Either 
sera or IgG fractions were incubated with ‘ZSI-labeled IL- 
la for 1 hour at 37” C before adding to the ELA-6.1 cells. 

IL-1 a clearance studies in rats. Rats were injected in- 
travenously with PBS containing 1251-labeled IL-la (400,000 
cpm) and 20 mg of IgG from different subjects. The so- 
lutions were incubated for 15 minutes at room temperature 
before intravenous injection into anesthetized animals (pro- 
tocol approved by the local Ethical Committee for Animal 
Studies). Blood samples (500 ~1) were obtained at various 
time intervals (from 30 seconds to 60 minutes) and treated 
with heparin. Plasma and cells were separated by centrif- 
ugation at 10,000 g for 3 minutes. The protein-bound ra- 
dioactivity was determined in the trichloroacetic acid pre- 
cipitate (final concentration, 100 gm/L). An elimination 
curve was constructed with the 30-second sample as 100% 
value. The plasma volume calculated from these samples 
was in the expected range between 34.5 and 46 ml/kg of 
body weight. The animals were killed, and the radioactivity 
was measured 60 minutes after injection in different tissues 
and organs (skin, muscle, kidney, liver, spleen, and lung). 
The results are expressed as percentage of total injected 
radioactivity per gram of wet tissue. Each determination 
was done in triplicate. 

Patients and control subjects 
Sera from 271 subjects were analyzed. The sera of nine 

patients with SS were investigated, four female and five 
male patients, mean age, 63 years (range, 50 to 80 years). 
The clinical and biologic data from five of these p&nts 
have previously been published. ‘( 8-L1 

Because it was difficult to define a single proper control 
group for patients with SS, we decided to test sera from 
patients with a wide variety of diseases, each of which was 
chosen to match the signs and symptoms occurring in pa- 
tients with this syndrome. We included sera from (1) nine 
patients with inflammatory skin diseases and monoclonal 
immunoglobulin without criteria for lymphoproliferative 
disease, (2) two patients with monoclonal IgM without in- 
flammatory skin symptoms and no other systemic diseases, 
and (3) 90 patients with various inflammatory dermatoses 
but without monoclonal immunoglobulin. This group in- 
cluded 72 patients with extensive chronic pruritic derma- 
toses (nonatopic eczema), 13 with bullous pemphigoid, two 
with chronic urticaria, and three patients with delayed-pres- 
sure u&aria. Ten patients who had received a kidney trans- 
plant and were currently receiving systemic steroid therapy 
were included because such therapy was administered to 
both the group with SS and the group with various inflam- 
matory skin diseases. Thirty patients, admitted to the hos- 
pital for various diseases but without inflammatory skin 
disorder, older than 80 years (15 male and 1.5 female pa- 
tients), were also studied to determine if the frequency of 
IL-la BF increases in elderly patients, 28 patients with 
diseases accompanied by chronic or intermittent fever (sys- 
temic lupus erythematosus, 15; cryoglobulinaemia, 7; 

AIDS, 6) and 93 normal healthy control subjects, including 
86 blood donors and seven subjects working in the hospital 
laboratories. 

Statistics 
The Mann-Whitney U test and the Fisher’s exact test 

were performed when this was appropriate. 

RESULTS 
Detection and characterization of IL-la BF 

The serum from a patient with SS (subsequently 
referred to as SSl) was incubated with ‘?-labeled IL- 
1% ‘251-labeled IL- 1 p, or ‘251-labeled TNF-a to de- 
termine whether it contained factor(s) binding these 
cytokines. When IL-la was analyzed by the sucrose 
gradient assay, the position of the IL-la peak was 
displaced by the SSl serum, indicating the formation 
of a complex between IL- 101 and the SS 1 serum (Fig. 
1). The complex had a sedimentation constant be- 
tween 7s and 19s. All sera from this patient obtained 
during a 3-year period provided identical results (data 
not presented). Dilution of the serum reduced the peak 
size of complexed IL- 1 CY. No displacement of the ‘*‘I- 
labeled IL-la peak was observed in the presence of 
excess cold IL-la, demonstrating the specificity of 
complex formation between a serum factor and IL- 1 cx 
(Fig. 1). ‘*‘I-labeled IL- 1 p and ‘251-labeled TNF-cx 
were not displaced by the same serum data (not pre- 
sented). 

The fractions of the sucrose density-gradient assay 
containing the IL- 1 a-IgG complex from the SS 1 se- 
rum illustrated in Fig. 1 were studied by double im- 
munodiffusion against antihuman IgG and antihuman 
IgM (data not presented). The precipitation line of 
IgGI anti-IgG colocalized with radiolabeled IL- lol 
provided evidence that the IL-la BF of this serum 
corresponds to IgG (Fig. 2). 

Ten sera from normal control subjects were then 
studied by the sucrose density-gradient assay. One 
sera (subsequently referred to as NHSl) was dem- 
onstrated to contain an IL-la BF; the remaining nine 
sera did not (data not presented). However, the sedi- 
mentation rate of the complex formed by NHS 1 serum 
was larger than that formed by the SSl serum, sug- 
gesting the presence of a different type of IL-la BF. 
Thus, both sera were depleted of IgG with protein G. 
IgG-depleted SSl serum no longer demonstrated IL- 
la binding activity (Fig. 3), indicating that the BF 
was only IgG. By contrast, IgG-depleted NHSl still 
bound a fraction of IL- lcx (Fig. 3), suggesting 
that this serum contained at least two different IL-la 
BF. 

The binding of IL-la was then characterized by a 
ligand-blotting assay (Fig. 4). After electrophoresis 
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FIG. 3. Different IL-la BFs in a normal human serum (NHSI) illustrated by sucrose density- 
gradient centrifugation (30,000 rpm for 16 hours); ‘*Wabeled IL-la plus SSI serum (I); 1251- 
labeled IL-la plus NHSI serum (+); ‘251-labeled IL-la plus IgG-depleted SSI serum (IJ); and T- 
labeled IL-la plus IgG-depleted NHSl serum (0). Note: the incorporation of ‘251-labeled IL-la 
into a higher molecular weight complex in NHSI than in SSl and the disappearance of complex 
formation when IgG was depleted in SSl but not in NHSl. 

FIG. 4. Ligand blotting of SSI and NHSl. Sera were run on 5% PAGE gels, transferred to 
nitrocellulose sheet, and then incubated with 0.132 nmol/L of ‘Wabeled IL-la and radioauto- 
graphed. A, SSI serum. Lane 1, binding of T-labeled IL-la at IgG position, as determined by 
immunoblotting on separate sheet; lane2 inhibition of this binding by lOO-fold excess unlabeled 
IL-la; lane 3, binding of ‘251-labeled IL-la that is not inhibited by the presence of 100-fold excess 
unlabeled IL-15. B, Lane 1, absence of binding of Wlabeled IL-la to NHS2 serum (negative 
control serum); lane 2, positive binding of ‘251-labeled IL-la at IgG position to SSI serum; lane 
3, absence of binding of ‘*Wabeled IL-la to SSI serum after IgG depletion; lane 4, binding of 
‘*51-labeled IL-la to NHSl serum (see text and Fig. 3). 

of SS 1 and NHS 1 set-a and transfer onto nitrocellulose cold IL- lo but not by the addition of a iOO-fold excess 
sheet, radiolabeled IL-lo was revealed to bind at the of cold IL- 1 p. 
position of IgG in both sera. The band of IL-la was To characterize further the IL-lo BF, the SSl- and 
wider with NHS 1 than with SSl . However, the bind- NHSl-positive sera were tested by ligand binding to 
ing of SSl was specific, since the radioactive bands affinity-immobilized serum IgG; >90% of the radio- 
disappeared by the addition of a loo-fold excess of activity was retained in the column. Radioactivity 
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FIG. 5. Sucrose density-gradient centrifugation of ‘*Wabeled IL-la bound to purified IgG and to 
the corresponding F(ab), fragments (centrifugation at 30,000 rpm for 16 hours). A, IgG purified 
from two sera with IL-lo BF SSl IgG (O), NHSI IgG (W), and NHS2 IgG (0) from a serum 
previously found to be devoid of IL-la: BF. B, F(ab), fragments obtained from SSI IgG (0, from 
NHSI lgG (m), and from NHSP IgG (m). Arrow indicates the sedimentation of free ‘251-labeled 
IL-lu. 

eluted with an acidic elution buffer fell in the same 
fractions as IgG, suggesting that ‘251-labeled IL-lo 
bound to the column via IgG. When a serum devoid 
of IL-la BF activity (subsequently referred to as 
NHS2), as assessed by the sucrose density-gradient 
assay, was used, IL-la did not bind to the protein G- 
Sepharose column (data not presented). 

Protein G-purified IgG from both SSl and NHSl 
sera were able to displace ‘*?-labeled IL- lo in the 
sucrose density-gradient assay, whereas IgG from 
NHS2 serum did not (Fig. 5, A). To demonstrate that 
IL-la binding activity was due to the antigen-binding 
part of the IgG molecule, the experiments were per- 

formed with F(ab)* fragments. Similar results were 
observed (Fig. 5, B). 

To test whether IgG purified from sera having no 
detectable IL- la BF could inhibit the binding capacity 
of sera positive for IL-lo BF in the sucrose density- 
gradient assay, 90 l.~l of 10 pooled sera negative for 
IL-la: BF were mixed with 10 l.~l of IgG isolated from 
NHSl serum before incubation with ?-labeled IL- 
lo. No such inhibitory activity could be detected, 
suggesting that the negative sera tested did not contain 
factors that block IL-la BF, such as anti-idiotype Ab 
(data not presented). 

The affinity of the IL-lo anti-Abs was studied by 
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FIG. 6. K, for 1z51-labeled IL-la of SSl serum. One hundred microliters of serum were incubated 
with 0.010 to 1 nmol/L of ‘251-labeled IL-la (Cl). K, was calculated at 208 pM, taking into account 
the specific binding only. The nonspecific binding was determined from the residual binding of 
1251-labeled IL-la in the presence of lOO-fold excess of cold IL-la (m). Determinations made in 
triplicate (variation <9%). 

TABLE I. Longitudinal study of IL-la BF in a patient with SS 

Clinical and laboratory data IL-la BF 

Concentration 
of anti-IL-la IgG 

Date of 
serum n9lm9 

sampling IgM 190 Pred K, total 
(molvr) Fev Urt Bp Sr (gm/LI (gm/L) (mg/kg/dayl PEG* (PM) nglml W 

12187 38” +++ ++ 70 4.8 12 No 25 ND 71.96 5.9 
3187 38” + + 35 4.9 8.7 30 27 200 84.80 9.7 
8188 37” + 2 14 8.3 9.1 lot 12 ND 34.76 3.8 
2189 37” -+ +. 18 7.8 10.6 lot 20 208 59.96 5.6 

10189 37” ” 2 10 9.8 11.5 lot 22 ND 64.38 5.5 

Fev, Fever; urt, urticaria; bp, bone pain; sr, erythrocyte sedimentation rate; pred, prednisone; PEG, titer of L-la BP in the PEG precipitation 
assay; ND, not determined. 

*Percent of precipitation by serum diluted l/20 to increase sensitivity since precipitation in undiluted serum was 64?% in all samples. 
Wrednisone associated with ibuprofen, 1.2 gm/day. 

PEG precipitation (Fig. 6). In a patient with SS (SSl of the Ab did not significantly change during a 3-year 
serum), the apparent K, was 0.2 X 10-‘“mol/L and period. 
was similar in two different sera obtained during a 3- 
year period (Table I). These tests permitted the esti- Inhibition of ‘Wabeled IL-la binding to its 

mation of the concentration of specific anti-IL-la cell-surface receptor in vitro 

auto-Ab (Table I). A mean antigen/Ah ratio of 1 was For these experiments nine sera were selected on 
chosen for our estimation. The results demonstrate the basis of the presence or absence of IL-la BF in 
that the concentration of the auto-Ab was in the nano- the PEG precipitation assay. These included IL-la 
gram range (Table I) and represented only an ex- BF-positive sera from three patients with SS (includ- 
tremely small fraction of total IgG (< 1 I 10’). The titer ing SSl serum), IL-la BF-positive sera from three 



VOLUME 88 
NUMBER 2 

IL-la auto-Abs in humans 251 

TABLE II. Inhibition of IL-la binding to EL4-6.1 receptors by sera with IL-ICY BF 

IL-la BF IL-1 receptor binding on EL4-6.1 cells (% inhibition) 

Peg Serum IgG depleted serum Purified IgG 
Patients’ assay* 

sera (%I Ig isotype 1116 1 I32 1164 l/l6 1132 l/64 l/l6 1132 1164 

SSl 60 IgG4 98 81 58 0 0 0 104 90 65 
ss2 24 ND 9 0 0 ND ND 
ss3 14 ND 0 0 0 ND ND 

NHS 1 66 IgG4 + IgA 96 74 47 0 0 0 87 71 46 
NHS3 48 IgG4 0 0 0 ND ND 
NHS4 30 ND 0 0 0 ND ND 
NHS2 <lo - 11 0 0 0 0 0 0 0 0 
NHS5 <lo - 0 0 0 ND ND 
NHS6 <lo - 0 0 0 ND ND 

lg, immunoglobulin; ND, not determined. 
In a first experiment, nine sera (diluted I/ 16, 1132, and l/64) with different IL-lo binding activities in the PEG assay were preincubated 

for 1 hour at 37” C with ‘Wabeled IL-la before addition to EL46.1 cells. Sera SSl to 3 are from patients with SS and other sera 
from normal subjects. In a second experiment, purified IgG and corresponding IgG-depleted sera were incubated in the same way. 
Incubation on cells were done in duplicate (variation <So/o). 

*Percent of 12’1-labeled IL-la precipitated. 

TABLE Ill. Organ distribution of 1251-labeled IL-la 1 hour after intravenous injection in rats 

Experiment No. 
Plasma* 

(ml) Kidneyt Musclet Skint Spleent Livert Lungt 

1. IL-lo 0.64 10.2 0.110 0.380 0.69 0.24 0.55 
2. IL-la 0.44 13.4 0.110 0.355 0.61 0.21 0.44 
3. IL-la/IgG-NHS2 0.48 9.5 0.120 0.380 0.79 0.30 0.56 
4. IL-lcu/IgG-SSl 2.09 6.48 0.059 0.230 0.60 1.37 0.73 
5. IL-la/IgG-NHSl 5.34 2.32 0.070 0.170 0.65 1.30 1.97 
6. IL-lct/IgG$ 4.07 3.80 0.052 0.120 0.65 0.79 0.98 

p = 0.0254 p = 0.017 p = 0.001 p = 0.004 NS p = 0.009 NS 

NS, No significant difference. 
Measured in three tissue samples for each organ (variation <8%). 
*Percent of total radioactivity injected per milliliter of plasma. 
‘TPercent of total radioactivity injected per gram of wet tissue. 
$IgG obtained from multiple donors containing anti-IL-lo auto-Abs. 
$Significant differences in tissue distribution of free (experiments 1, 2, and 3) versus complexed (experiments 4,5, and 6) IL-la determined 

by Student’s paired t test. 

normal human subjects (including NHS 1 serum), and 
IL-la BF-negative sera from three normal subjects 
(including NHS2 serum). Two of the six IL-la BF- 
positive sera inhibited the binding of ‘2’I-labeled IL- 
la to EL4-6.1 cells, whereas four sera did not (Table 
II). Identical results were obtained with the purified 
IgG of the two inhibitory sera, whereas after IgG- 
depletion sera, these sera no longer inhibited the bind- 
ing. None of the three IL-la BF-negative sera inhib- 
ited significantly the binding of 12’1-labeled IL-la on 
EL4-6.1 cells. It is noteworthy that the NHSl serum 
was found to contain additionally IL-la BF of the 
IgA isotype (Fig. 7, serum No. 7); inhibition of re- 
ceptor binding in this case was due to IgG and not 

IgA, since IgG-depleted serum did not inhibit the 
binding (Table II). 

IL-la clearance studies in rat 

To determine if the auto-Abs modified the distri- 
bution of IL-la in body compartments, two rats were 
injected with ‘251-labeled IL-la alone, one rat with 
the ‘251-labeled IL-lo plus IgG from SSl serum, one 
rat with the 12?-labeled IL-la plus IgG from NHS 1 
serum (both having anti-IL-la Ab), and one rat with 
‘2SI-labeled IL-la plus IgG from NHS2 serum (IL-la 
BF negative). The plasma levels of ‘251-labeled IL- la 
were followed for more than 1 hour (Fig. 8). 1251- 
labeled IL-la was cleared by 90% after 1 hour. When 
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FIG. 7. lmmunoglobulin classes and subclasses with ‘251-labeled IL-la binding activity revealed 
by double immunodiffusion-autoradiography technique. Ten positive sera for IL-la BF (nos. 1 
to 10 demonstrated in the holes of the first row) tested with antisera to human K and X light im- 
munoglobulin chains and a, p, y, and yl to 4 heavy immunoglobulin chain subclasses. A, 
Coomassie brilliant blue protein staining. B, Autoradiography of A. The radioactive lines in B 
indicate immunoglobulin-IL-la complexes (see Table V for the summary of these observations). 

‘251-labeled IL-ICY was complexed to auto-Abs, the labeled IL-la. The accumulation of free 12’1-labeled 
elimination was slower (50% elimination in 25 min- IL-la might be explained by filtration through the 
utes and X30 minutes, versus 7 2 2 minutes in the glomeruli, since IL-la has a small molecular weight.” 
control subjects). Other animals injected with 12-Y- The radioactivity found in skin and muscles was di- 
labeled IL-la plus an IgG preparation obtained from minished by approximately 50% in the animals in- 
multiple donor, which also contained specific auto- jected with lz51-labeled IL-la-IgG, compared to ani- 
Abs, provided similar results (50% elimination in Xi0 mals injected with free ‘251-labeled IL-la, indicating 
minutes). No ‘*‘I-labeled IL-la was detected on cir- clearly poor distribution (or uptake) of complexed 12S 
culating cells at any time point tested. The modifi- labeled IL-la in these organs. Although the splenic 
cation of the ‘251-labeled IL-la distribution by auto- concentration of radioactivity was similar in all ani- 
Abs in other body compartments was demonstrated mals , specific accumulation was observed only in rats 
by measuring radioactivity of tissue samples (Table injected with free 12Y-labeled IL-la, as indicated by 
III). There was significantly less accumulation of a higher lz51-labeled IL-la content in spleen than in 
radioactivity in the kidney of animals injected with plasma. Finally, liver and lung of animals injected 
‘251-labeled IL-loL-IgG complexes than with free lzsI- with complexed IL-lo! demonstrated more radioactiv- 
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FIG. 8. ‘Wabeled IL-la clearance study in rats. Percentage of protein-bound radioactivity in rat 
blood after intravenous injection of either ‘Wabeled IL-la (400,000 cpm) alone in two rats (co), 
‘*Wabeled IL-la preincubated with 20 mg of IgG purified from two sera containing IL-la BF 
(SSI serum (0) and NHSl serum (ml, or with 20 mg of IgG from NHS2 serum devoid of IL-la 
BF (0). Each determination was made in duplicate (variation <5%). 

ity than the animals injected with free ‘*‘I-labeled IL- 
la. However, there was no specific uptake of radio- 
activity in these organs as documented by the absence 
of an organ-plasma gradient. Thus, results might then 
be due to the presence of blood remaining in liver and 
lung. 

Frequency and type of IL-la BF 
in 271 subjects 

To define the incidence of IL-la BF in normal 
individuals and various diseases, we screened a total 
of 271 patients (Table IV) with the PEG precipitation 
assay. It was considered that only a precipitation ex- 
ceeding 10% of the total radioactivity after correction 
for nonspecific precipitation (see METHODS section) 
indicated significant IL- lo BF. 

Eighteen percent of sera from normal control sub- 
jects were positive for IL-la BF in the PEG assay 
(Table IV). The frequency of IL-lo BF-positive sera 
was not different in any of the groups tested except 
in the group with SS (66%; p < 0.005). 

The affinity of IL-la BF was similar in four sera 
of patients with SS and seven other positive sera (K, 
were between 0.1 and 0.3 x 10d9 mol/L). 

Isotype distribution was tested by double immu- 
nodiffusion autoradiography in 27 sera. Sixteen of 19 
sera with >40% precipitation in the PEG assay were 
positive in the double immunodiffusion assay. All 
eight other sera tested were negative (Table V; Fig. 
7). Since six of these eight sera were positive in the 

PEG binding assay, the sensitivity of the double im- 
munodiffusion was low. However, some interesting 
observations could be made. 

First, auto-Abs were not restricted to the IgG class; 
five auto-Abs were positive for IgA, but none for IgM. 
This observation explains why two ILla BFs were 
observed in NHSl serum (Figs. 3 and 4), which in- 
deed contained IgG and IgA auto-Abs. 

Second, there was a clear predominance of IgG 
subclass 4. 

Third, reactivity with both light chains was present 
in only four cases. This finding might indicate that 
the auto-Abs are produced by a very limited number 
of clones, although no firm conclusions should be 
drawn because of the poor sensitivity of the assay. 

Finally, only IgG and IgG4 reactivity were detected 
in patients with SS. 

We tested 37 sera (13 from the group with SS and 
24 sera from the other groups) for IL- 1 l3 BF and TNF- 
(Y BF by sucrose gradient assay. Only one serum was 
found to be positive for IL- 1 p and TNF-a. This serum 
was from a patient with SS (not SSl serum) who also 
had a positive test for IL-la BF. 

DISCUSSION 

The possibility that human sera contain Abs against 
cytokines, such as IL-~cx,~* ’ raises new dimensions 
in the understanding of cytokine function in vivo. The 
significance of these Abs in regulating cytokine ac- 
tivity needs to be considered analogously to that of 
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TABLE IV. Incidence of IL-la BF(s) as 
analyzed by PEG precipitation assay in the 
serum of 271 patients 

IL-la BF positive 
sera* 

N N % 

Normal subjects 
ss 
Control subjects 

Inflam demratoses with 
monoclonal Ig 

Monoclonal IgM 
Inflam dermatoses with- 

out monoclonal Ig 
Chronic or intermittent 

pyrexiaS 
Kidney graft 
Elderly patients 

93 17 18 
9 6t 66 

9 2 

2 0 
90 14 

28 4 

10 1 10 
30 6 20 

22 

0 
15 

14 

In&m, Inflammatory; Ig, immunoglobulin. 
*Ten percent or more %labeled IL-lo precipitated (see text). 
tFischer’s exact test corrected for continuity for number of positive 

sera, p < 0.005, found in normal subjects versus group with SS. 
Compared to normal subjects, the other groups did not differ. 

Qystemic lupus erythematosus, 3/ 15; cryoglobulinaemia, O/7; 
AIDS, l/6. 

the native IL-l inhibitorsI In this article, we present 
data on three aspects of anti-IL-lo auto-Abs: immu- 
nochemical characterization, functional properties, 
and clinical correlations. 

lmmunochemical characterization 

A sucrose density-gradient assay reproducibly iden- 
tified IL-lo BF. Attempts to determine the nature of 
IL-la BF demonstrated that the binding activity is 
due to Abs (auto-Abs) of the IgG class. Evidence for 
this finding was demonstrated by (1) IgG affinity pu- 
rification and depletion, (2) ligand blotting, (3) ligand 
binding to immobilized IgG, (4) immunodiffusion au- 
toradiography, and (5) binding activity of IgG was 
associated with the F(ab), fragment. IL-lo BF of the 
IgA isotype was also detected by the immunodiffu- 
sion-autoradiography technique. The finding of auto- 
Abs restricted to IgA and IgG4 is not common’4; auto- 
Abs are usually IgM and predominantly IgGl and 
IgG3. Is Convincing data were obtained to demonstrate 
that most Abs to IL-la in the IgG fraction were of 
the IgG4 isotype. This finding is interesting from a 
number of points of view. 

First, Abs to protein antigens are usually of the 
IgGl and IgG3 isotype,ls but exceptions exist in which 
IgG4 predominates. I6 This is particularly evident when 
booster immunizations and prolonged antigenic chal- 

lenge are used.16 Our findings therefore suggest that 
IL-lo BF arise as a consequence of persistent stim- 
ulation. This finding is also supported by the fact that 
these auto-Abs were of high affinity. 

Second, it is important to note that IgG4 only con- 
stitutes 4% to 5% of the IgG in serum; production of 
anti-IL-la auto-Abs restricted to this isotype may be 
of benefit to the host. Unlike Abs of IgGl and IgG3, 
which activate complement, and, in this way, may 
mediate pathologic events, IgG4 Abs do not activate 
complement. 

Third, IgG4 Abs produce small nonprecipitating 
immune complexes” and therefore, rather than clear 
the cytokine, may act as an important transport mech- 
anism. We, in fact, present evidence to this effect. 
Injection of auto-Ab-treated IL-la into rats increased 
its half-life in the circulation. 

The concentration of the IL-lo IgG auto-Abs 
was estimated to be in the nanogram range and rep- 
resented only an extremely small fraction of total IgG 
(< 1 / lo-‘). All these observations should be consid- 
ered when the potential functional role of these auto- 
Abs are being analyzed. 

Functional properties 

Little is known about the biologic activity of IL-la 
auto-Abs. Suzuki et al.” have demonstrated that sera 
from patients with rheumatoid arthritis inhibited the 
IL- 1 o-induced endothelial cell adherence of neutro- 
phils; the inhibitory activity was present in the IgG 
fraction. Our results support and extend these findings 
by demonstrating that IL- lo IgG auto-Abs do interfere 
with IL-lo in two biologic systems. 

First, auto-Abs inhibited its binding of ‘251-labeled 
IL- lo to cell-surface receptors of the murine thymoma 
EL4-6.1 cells. This finding indicates that epitopes rec- 
ognized by some of these auto-Abs may interfere with 
a domain of IL-la necessary for binding to the cells, 
and confirms more recent observations by Suzuki et 
al. I9 However, not all IL- lo BF-positive sera were 
found to block ‘251-labeled IL-lo binding to the IL-l 
cellular receptor, even though they had IL-la BF of 
the same class (IgG), subclass (IgG4) affinity, and 
serum concentration of the blocking sera; this finding 
suggests that these sera recognize epitopes on the 
IL- la molecule that are not involved in binding to 
the IL-la receptor of EL4-6.1 cells. This finding, 
having Abs that do not block activity but might in- 
crease the half-life of IL-la, may be of major sig- 
nificance. 

Second, we found that IL-lo auto-Abs altered sig- 
nificantly the plasma clearance of ‘251-labeled IL-lo, 
as well as its tissue distribution, when these Abs were 
injected into rats, in particular, less IL-la was recov- 
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TABLE V. Class and subclass distribution of the anti-IL-la auto-Abs in 27 sera examined by the 
double immunodiffusion-autoradiography technique 

Radioactive bands after reaction with antihuman immunoglobulin chains 
% ‘%lL-la 
precipitated No. of No. of positive sera 
in the PEG negative 

assay sera K A K and A Y 1 2 3 4 a P 

>40 (n = 19) 3 8 5 4 12 1 0 1 9 5 0 
<40 (n = 8*) 8 -- - ---- -__ 

*Six sera were positive (PEG precipitation between 10% and 40%); two sera were negative (PEG < 10%). 

ered in skin and muscle. This indicates that the Ab 
IL- 1 (Y complex does not dissociate rapidly in vivo and 
supports the hypothesis that auto-Abs to IL-la could 
modulate systemic as well as local effects of IL-la.4 
Fomsgaard et al.*’ speculated that circulating TNF-ol 
would be cleared more rapidly from the blood by 
binding to anti-TNF-a Abs. Our data on IL- 1 a do not 
support this concept. 

It is difficult to extrapolate from these experimental 
observations whether prolonged serum half-life would 
ultimately result in inhibition or potentiation of the 
IL-lc~ effects in humans. However, a modulating ef- 
fect on IL- lol actions appears likely, since IgG and 
IgA have a wide tissue distribution, also in extravas- 
cular compartments, and since IgG accumulate at in- 
flammatory sites.*’ By changing the half-life of IL- 
la in body compartments and by modulating the bind- 
ing of IL-la to its receptor, auto-Abs to, IL-la might 
increase or diminish, prolong or shorten biologic ef- 
fects of this important proinflammatory cytokine. Abs 
to hormones have been described to enhance hormone 
activity.** 

Clinical correlations 

The screening for IL-la auto-Abs in 27 1 sera was 
made by a PEG precipitation assay. The overall in- 
cidence of IL-la BFs was 18%. Since incidence in 
elderly patients (older than 80 years) was not in- 
creased, the possibility that these are age related is 
excluded. The frequency, affinity, class, and subclass 
distribution of auto-Abs to IL-la was not different in 
normal control subjects and patients with various fe- 
brile and inflammatory diseases. 

The only group that differed from normal subjects 
was the group with SS. Although this group represents 
the largest series of cases with SS so far reported, the 
number is small, and the results may still be proved 
to be in error; however, the frequency of IL-la BF 
was not increased in several control groups of patients 
chosen to closely mimic the signs and symptoms of 
this syndrome. SS is characterized by chronic urti- 

caria, bone pain, fever, and monoclonal IgM,’ which 
appeared compatible with a dysregulation of a cy- 
tokine . 

Since anti-IL-la IgG was found in normal subjects, 
it cannot be directly implicated in the symptoms of 
SS. This is in agreement with the results from the 3- 
year follow-up study of one patient with this syn- 
drome. There were no changes of either titer, binding 
activity, or affinity of the IL- 101 auto- Abs , even though 
periods of active disease with fever, bone pain, and 
urticaria followed periods of clinical remission with 
steroid therapy. 

Increased frequency of IL- la auto-Abs in SS might 
rather indirectly reflect some alteration in the Ab- 
regulated network of cytokines in these patients. Pre- 
liminary studies have detected IgM auto-Abs to IL- 
~CX by immunoblot analysis in some patients with this 
syndrome, suggesting that the monoclonal IgM was 
implicated’; this finding could not be confirmed at the 
present time with the other techniques used in the 
present study, possibly because such methods were 
not appropriate to identify IgM auto-Abs. Works are 
in progress to elucidate this point, since the mono- 
clonal IgM might well interfere with the IL-la auto- 
Abs network in these patients. 

We thank Drs. C. Hauser and A. Ferrante for critical 
review of the manuscript, G. Siegenthaler for technical ad- 
vice, and A. Shaw for providing rh IL-la. Sera from pa- 
tients with SS were obtained from Pr. J. M. Bonnetblanc, 
M. S. Doutre, M. Janier, F. Klein-Cerousseau, A. Krebs, 
L. Machet, J. M. de Moragas, L. Schnitzler, and J. L. 
Verret, and M. D. Vignon-Pennamen. 
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