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Abstract

Pharmaceutically prepared IgG, pooled from sera of over 2,000
normal individuals, contained both monomeric and dimeric
IgG. Each type of IgG bound '25I-labeled interleukin (IL)-la,
IL-1ft, IL-6, and tumor necrosis factor (TNF)-a. Increased
binding to IgG was observed if '25I-IL-1ft was denatured by
heating to 39°C. However, the binding of both nondenatured
and denatured '25I-IL-1(3 was not inhibited by unlabeled IL-10.
In contrast, binding of '25I-IL-la, 1251_-L46, and 125I-TNFa was
inhibited by the corresponding unlabeled cytokine. Papain-di-
gestion of IgG abolished binding of '251-TNFa but failed to
influence the displaceable binding of 1251_I-la and 1251-IL-6.
1251-TNFa was a mixture of trimeric and monomeric forms, the
latter being the predominant form at lower concentrations. The
apparent saturability of 1251-TNFa was explained by a higher
nonspecific binding of monomeric than of trimeric 1251-TNFa to
IgG. The amounts of cytokine antibodies in IgG preparations
would contribute - 2 ,g anti-IL-la IgG and 1 gg anti-IL-6
IgG per kg body wt during high dose immune globulin therapy.
In conclusion, pharmaceutical preparations of human IgG con-
tain specific and neutralizing, high affinity antibodies against
IL-la and IL-6, but not against TNFa or IL-lft. There are
significant methodological pitfalls that hamper detection of
IgG autoantibodies against cytokines. (J. Clin. Invest. 1993.
92:2533-2539.) Key words: human immune globulin, IgG * au-
toantibodies to cytokines * interleukin-la * interleukin-6.

Introduction

Several reports have described the presence of antibodies
against immunoinflammatory polypeptides (cytokines) in dis-
eased as well as in healthy individuals (for review see reference
1). Since intravenous immunoglobulin therapy has been re-
ported to be beneficial in more than 35 diseases with immuno-
pathologic features (2), and because circulating cytokines may
be involved in the clinical outcome of some of these diseases (3,
4), it is conceivable that at least part of the observed clinical
responses may relate to administration of naturally occurring
antibodies to some of these cytokines.

Different assays have been used to measure these antibod-
ies: Western blotting ( 5-10), competition in RIAs and ELISAs
(1 1-14), binding in direct ELISAs (8-10, 15, 16), binding of
radiolabeled cytokines ( 12-14, 17-23), and biological interfer-
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ence assays (7, 8, 10, 15, 17, 24-27). However, other serum
factors than antibodies may compete in RIAs and ELISAs, and
inhibition of biological activities may be caused by many fac-
tors apart from neutralizing antibodies to cytokines (28-31).
Judged by analyses of monoclonal antibodies there may not be
a simple correlation between biological blocking and antibody
reactivity in direct ELISAs or in Western blotting experiments,
and detection of antibody binding may be sensitive or insensi-
tive to minor alterations in, or denaturation of, the ligand (32,
33). Furthermore, it has recently been shown that different
immunization procedures of rabbits using murine IL- 13 re-
sulted in production of antibodies that selectively reacted with
nondenatured or denatured cytokine (34). It may therefore be
argued that detection of antibodies against cytokines in hu-
mans should involve binding analysis to nondenatured and
denatured forms of individual cytokines. In case of autoanti-
bodies, ligand binding must be evaluated with regard to both
saturable and nonsaturable binding, and the binding must take
place at the Fab parts of the immunoglobulins.

To investigate this, we have analyzed the binding of the
1251-labeled recombinant human cytokines IL- 1 a, IL- 1$3, IL-6,
and TNFa to human IgG pharmaceutically prepared from the
blood of healthy donors.

Methods

Six batches of human IgG (Nordimmun®) from the sera of at least
2,000 healthy Danish adults per batch were kindly donated by Novo
Nordisk (Bagsvxerd, Denmark). The IgG was pharmaceutically pre-
pared by gentle precipitation with polyethylene glycol followed by ion
exchange and contains no chemically or enzymatically modified immu-
noglobulins. Human recombinant interleukin 1 (IL-1) a and -13 were
generous gifts from Dainippon (Osaka, Japan) and Novo-Nordisk
(Gentofte, Denmark). Recombinant human tumor necrosis factor a
(TNFa) was a gift from Ernst Boehringer Institute (Vienna, Austria).
Recombinant human interleukin 6 (IL-6) was donated by Amersham
(Birkerod, Denmark). 1251-IL-la (2-3 x I05 cpm/ng), '251-IL-l1I ( 1-3
x 105 cpm/ng), 1251I-IL-6 (0.5-1 X I05 cpm/ng) and 251I-TNFa ( 1-3 x
104 cpm/ng) were kindly provided by Amersham. All radiolabeled
cytokines bound specifically to cell receptors with preserved intrinsic
activity: 1251-IL- I a and 1251I-IL- 1I were tested on EL4 cells ( 35 ), 125I-IL-
6 was tested on B9 cells ( 14), and 1251I-TNFa was tested for cytotoxicity
using WEHI 169 cells (36). Furthermore, molecular size chromatogra-
phy of 1251-IL-la and 1251-IL-lfI showed less than 10%aggregation after
storage at 4'C, whereas 15-20% of 1251-IL-6 appeared as aggregates.
Taken directly from the stock solution, more than 75% of 1251I-TNFa
was on a trimeric form. Four different preparations of the 1251I-labeled
cytokines were tested with similar results.

Rabbit antibodies to the Fc parts of human IgG (code 424) were
from Dako (Glostrup, Denmark). Magnetized polymer beads coated
with donkey anti-rabbit antibody (Amerlex-M, code RPN510) were
purchased from Amersham. The detergents Triton X- 100 and Tween
20 were from Sigma (St. Louis, MO) and Merck (Darmstadt, Ger-
many), respectively. Skimmed milk (lipid content below 1%) was pur-
chased from a local supermarket.

Specific rabbit antiserum to human TNFa was obtained by re-

peated multiple-site intracutaneous injections of 10 Ag human recombi-
nant TNFa into high-responder rabbits (6). The antigen was coupled
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with glutar aldehyde to diphtheria toxoid, added to Freund's incom-
plete adjuvant, and absorbed on Al(OH)3 before immunization. Spe-
cific rabbit antiserum to IL- I# was made similarly, except that human
recombinant IL- Il# was heated at 390C for 18 h before being coupled to
diphtheria toxoid. The resulting antiserum bound native and heat-
treated '251-IL-1I3 without cross-reactivity between the two forms.

RIA of '25I-labeled IL-1,8 and TNFa. The rabbit antisera were di-
luted in 20 mMphosphate buffer, 125 mMNaCl, 0. 1%NaN3, pH 7.4
(PBS), containing 2% BSA (Sigma). The antisera were incubated in
PBS, containing 2%BSA, with the 1231-labeled cytokines for 3 h at 4VC
and bound and free ligands were then separated by use of the Amerlex-
Mseparation system (Amersham).

Binding of '25"-labeled cytokines to human serum IgG and
skimmed milk. IgG (Nordimmun®), and unlabeled and '25I-labeled
cytokines were diluted in PBS with 2% BSA. Coincubation was per-
formed at room temperature in 100 ,l, containing 6,000 to 40,000 cpm
of '25I-labeled cytokine, with or without 200 times excess of corre-
sponding unlabeled cytokine (0.1-0.24 Mg). Fifty percent binding of
IL-lIa and IL-1I3 to IgG occurs within 5 min (37). For practical rea-
sons, however, coincubation of IgG with IL-la, IL-6, and IL-1 3 was
carried out overnight ( 18 h). Heat denaturation of IL- 1# was carried
out at 39-40'C for 18 h. Coincubation with TNFa was done for 72 h
(see below). Binding of IgG to cytokines was either analyzed by molec-
ular size chromatography or by second antibody precipitation. Satura-
tion binding analyses with '251-IL- I a and '251-IL-6 to individual batches
of pooled human IgG were performed in the following way: PBS, 100
Ml containing 2%BSA, 0,1% Triton X- 100, 60 jig IgG, 500-5,000 cpm
(=2-20 pg) of '251I-IL-la and variable amounts of IL-la were incu-
bated for 18 h at 4°C. Bound and free tracer were separated at 4°C on
columns containing 500 ,l of Protein GSepharose CL-4B (Pharmacia,
Uppsala, Sweden) with PBS and 0.005% (wt/vol) thiomersal as run-
ning buffer. The bound material was eluted with 100 mMglycine-HCI,
pH 2.4. Unspecific binding was assessed in the presence of 200 ng
IL- l a per 100 ,l. Analysis of '25I-IL-6 was done similarly, except for the
use of 0.3 mgof IgG and 1,000-5,000 cpm ( 10-50 pg) of '251-IL-6 with
variable amounts of IL-6. Unspecific binding was assessed in the pres-
ence of 700 ng IL-6 per 100 ,ul. The results were expressed in pMand as
Mmol cytokine bound per mol of IgG, calculated from a mol wt of 17.5
kD for IL-la, 20.3 kD for IL-6, and 150 kD for IgG.

Binding of cytokines to 4%skimmed milk was performed in paral-
lel with the above experiments, using the same concentrations of 12511
labeled cytokines. The binding was assessed by molecular size chroma-
tography as described below.

Chromatographic separation of IgG-cytokine preparations. All pro-
cedures were carried out at 4°C. The elution profiles of 125I-TNFa
coincubated with or without IgG (Nordimmun®) were determined by
the use of a Sephadex G-100 superfine column (0.9 X 32 cm; Pharma-
cia) at a flow rate of 3.4 ml/h with fraction collection every 12 min.
Separation of bound and free '25I-labeled IL-l a, IL-1 (3, and IL-6 was
performed on columns containing 10 ml of Sephadex G-75 superfine
(Pharmacia). The eluting buffer was RPMI 1640 with 25 mMHepes
(Gibco Biocult, Paisley, Scotland), containing 0.14% BSA and 0.1%
NaN3, pH 7.2. Separation of IgG (Nordimmun®) was performed on a
Sephacryl S200 superfine column ( 1.6 X 90 cm; Pharmacia) at a flow
rate of 12 ml/h. Repetitive samples of 22 mg IgG in 600 ,l PBSwere
applied. Selected fractions were pooled and concentrated in dialysis
bags placed on polyethylene glycol 20,000 (Merck). The protein con-
tent was quantified by absorbance at 280 nm, using a standard IgG
preparation in PBS as reference.

Second antibody precipitation ofIgG-cytokine complexes. The sam-
ples were placed on ice and a previously determined optimal concen-
tration of rabbit anti-human Fchy antibodies was added. After 10 min,
the samples were diluted 16 times in ice cold PBS, containing 2%BSA,
and centrifuged at 2,000 g for 15 min at 4°C. The pellet activity and the
total '251I-activity were determined with an error of 4% or less in a
gamma counter (1272 CliniGamma, LKB, Wallac OY, Finland).
There was no binding of labeled cytokine to anti-Fc'y antibodies when
coincubated on ice for 60 min followed by column chromatography.

Papain treatment oflgG. Purified IgG (Nordimmun®), 25 mg/ml
in PBS, supplemented with 10 mML-cysteine and 2 mMEDTA, was
incubated with 20 mgpapain-agarose (Sigma) under gentle agitation at
370C for 18 h. The digested IgG was then applied on a Sephadex G-75
superfine column (Pharmacia). Fractions from the void volume to
samples containing molecules of molecular size 35 kD were pooled and
concentrated in a dialysis bag placed on polyethylene glycol 20,000
(Merck). The protein content was quantified by absorbence at 280 nm.

Results

Binding of 125I-labeled human cytokines to serum IgG. As
shown by others (38), the pooled human IgG preparation con-
tained monomeric and dimeric IgG (Fig. 1). Fractions con-
taining dimeric IgG or monomeric IgG were pooled for further
use. As shown in Table I, dimeric IgG (I) and monomeric IgG
(II) bound the '251-labeled cytokines. The displaceable binding
of I251-IL- 1 a and '251-IL-6 was similar to dimeric, monomeric,
and unseparated IgG. A higher total and displaceable binding
of 1251-TNFa was obtained with dimeric IgG. As shown in Ta-
ble I, '251I-IL-1fI also bound to human IgG. Heat denaturation
of the cytokine increased its binding almost seven times, par-
ticularly to dimeric IgG. The binding of '25I-IL-lI, however,
could not be displaced by 2 ,ug/ml of unlabeled IL- 1,3.

Binding of cytokines to papain-treated IgG. Whencompar-
ing binding of cytokines to IgG before and after treatment of
the antibody preparation with papain, more than 60% of the
displaceable binding of '251-labeled IL-la and IL-6 was pre-
served (Table II). Papain-treated IgG retained less than 10%of
the displaceable 125I-TNFa binding. In contrast to 125I-TNFa
and heat-denatured 1251-IL-I3l, 125I-IL-lIa and 1251-IL-6 bound
exclusively to fragments which were not precipitated by rabbit
anti-human Fcy antibody (Table II).

Effect ofdetergents and milk proteins on the binding ofcyto-
kine to human IgG. The presence of skimmed milk together
with the detergents Tween 20 and Triton X-100 reduced the
binding to IgG of the '251I-cytokines and, as shown in Table III,
only the displaceable amounts of '25I-IL-lIa and 251I-IL-6 were
retained on the IgG. Furthermore, the displaceable amount of
'251I-TNFa was reduced 4-10 times by addition of milk pro-
teins, depending upon the detergent in the assay buffer (Table
III). Nondisplaceable binding of heat-denatured 1251-IL-113 to
IgG was reduced almost 5 times.

Without detergent, the binding to 4%skimmed milk alone
was 12% ('251-IL- aa), 7% ('25I-IL-6), 25% (1'25I-TNFa), and
60% (denatured '251I-IL-1f3). High ligand concentrations re-
duced the binding of 1251-TNFa only. Thus, skimmed milk did
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Table I. Binding of 251-labeled Human Cytokines to Sephacryl
S200-fractionated, Pooled HumanIgG

%binding

Cytokine IL-la IL-10 IL-6 TNFa

IgG: A B
dimeric (I) 27 (25) 2 (-0.5) 14 (1) 20 (8) 12 (7)
monomeric (II) 29 (26) 7 (0) 16 (7) 8 (4)
unfractionated 28 (25) 1.5 (0.2) 9 (0) 17 (7) 7 (4)

Unfractionated dimeric and monomeric IgG, 3 mg/ml in PBS, were
obtained by Sephacryl S200 chromatography (see Fig. 1). Binding
was determined in triplicate as '251I-activity precipitated by rabbit
anti-human Fc-y antibodies. Results are shown as mean values of
cpmbOo,,d/cpmtal x 100; numbers in parentheses are
CPmdisplaced with excess unlabeled cytokinelCPmotal X 100. (A) non-heat treated
traced and untraced IL- IO; (B) heat-denatured traced and untraced
IL-1B.

not interfere with the binding of the cytokines to IgG by simple
competition.

As shown in Table IV, the milk proteins also reduced bind-
ing of 1251I-TNFa and '251-IL-lI3 to their respective specific anti-
bodies to a degree depending upon the structure of the ligand.
However, this inhibition appeared to occur as a result of com-
petitive binding to the milk molecules (Table IV).

Binding of '25I-TNFa to pooled human IgG. Binding of
1251I-TNFa to IgG was carried out using 72 h of incubation
before separation of bound and free ligand. This time of incu-
bation was selected because molecular size separation of the
tracer alone showed a time-dependent dissociation from an
apparent trimeric to a monomeric form but with a stable distri-
bution between the two forms after 72 h (data not shown). The
distribution between the monomeric and trimeric structures of
1251I-TNFa was also concentration-dependent. In contrast, the
relative content of higher polymers of '251I-TNFa was not con-
centration-dependent (see Fig 2; void volume). Similar analy-
ses using 125M-IL- 1 a, '25I-IL-6 as well as nondenatured and heat-
denatured 125I-IL- I(3 did not show a time- or concentration-de-
pendent change in the distribution between the monomeric
and polymeric forms of the cytokines.

Because of the concentration-dependent distribution of the
monomeric and trimeric forms of 1251-TNFa, binding to IgG
was calculated with regard to both forms of the cytokine:

Table II. Binding of Cytokines to Papain-treated IgG

Preserved binding (%)

Cytokine IL-l a IL- I ,B* IL-6 TNFa

Detection:
chromatography with

Sephadex G-100 76 (86) 17 (nd)t 63 (62) 15 (8)
coprecipitation with rabbit

anti-human Fcy antibody 11 (2) 14 (nd)t 17 (8) 12 (5)

IgG (Nordimmun®), 6 mg/ml in PBS, was pretreated with or without
(control) papain. The effect is expressed as mean preserved binding
of total bound '25I (n = 3); the preserved displaceable binding is shown
in parentheses. * Heat-denatured; t nd: not detected.

Table III. Influence of Detergents and
Skimmed Milk on the Binding of Cytokines to IgG

%binding

Cytokine IL-la IL-113* IL-6 TNFa

4% milk
2% BSA - 49 (41) 20 (-1) 29 (6.0) 12 (7)

+ 44 (40) 4 (0.2) 11 (6.7) 3 (1)
2%BSA - 16 (1) 13 (8)
+1%Tween 20 + 3 (0.2) 5 (2)
2%BSA - 55 (37) 26 (-1) 12 (6.7) 30 (22)
+0.1% Triton X-100 + 43 (38) 5 (0.5) 9 (6.3) 5 (2)

Human IgG (Nordimmun®), 6 mg/ml, was preincubated for 2 h in
PBSwith the additives indicated. The preparations were then incu-
bated with labeled and with or without excess unlabeled cytokine.
Binding of '251I-labeled cytokines to IgG was detected by coprecipita-
tion with rabbit anti-human Fcy antibodies. Determinations were
done in triplicate, and the results are shown as in Table I.
* Heat-denatured traced and untraced IL- 13.

cpmboufld/cpmfree = (a - b) X cpmmonom,/cpmfree + b,

where cpmb,,,d= a x cpmm.,, + bXcpmt1m,,
and cpmf,,, = cpmmonomt7 + cpmtn,,.
As shown in Fig. 3, a highly significant linear correlation was
obtained by plotting CpmbOnd/cpmfree against cpmmonomer/
cpmfree. This is obtained if a and b in the above equations are
constants. Hence, it can be estimated from Fig. 3, that mono-
meric 1251I-TNFa exhibits more than 50 times higher nonspe-
cific binding to IgG than trimeric 125I-TNFa.

Individual batches of pooled human IgG bind IL-la and
IL-6 with high avidity. The equilibrium binding of IL- 1 a and
IL-6 to a pool of human IgG as functions of the free ligand
concentrations is shown in Fig. 4. IL-la bound with an esti-
mated average affinity (Kav) of 10 pM, whereas Kav for IL-6

Table IV. Skimmed Milk Suppresses Binding of "2SI-labeled
TNFa and IL-J(3 to Specific Heterologous Antibodies

%suppression

Skimmed milk IL-IB TNFa

A B C D
1% 4 (3) 30 (27) 7 35
4% 6 (4) 64 (50) 10 45

Specific rabbit antibodies against human TNFa and IL-1I# were used.
To obtain different relative amounts of monomeric '251-TNFa, the
tracer was either taken directly from the stock solution (C) or prein-
cubated for 72 h at 10,000 cpm/100 AI (D) (see Fig. 2). The tracer
concentration during the binding assay was 4,000 cpm/ 100 ,1. With-
out milk, 69%of the control and 55% of the preincubated '25I-TNFa
bound to the antibodies. The rabbit anti-IL- 1I antibodies bound 43%
and 50% at 5,000 cpm/100 ul of nontreated (A) and heat-treated (B)
1251I-IL-1(3, respectively. The tracer solution was preincubated with
milk for 2 h before addition of antibodies. Mean values of triplicate
determinations. Values in parentheses: binding of '25I-IL- 1( before
addition of antibodies. Results are derived from Sephadex G-75
chromatographic separations.
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Figure 2. Elution profiles of '231-TNFa at different concentrations and
after preincubation at room temperature. '251-TNFa, 3 Aig/ml stock
tracer solution, was diluted to 5 ng/ml in PBS, supplemented with
2%BSA; 150 gl was then applied on a Sephadex G-100 column at
40C after 2 h (o) and after 72 h of preincubation (a). 1251-TNFa, 5
ng/ml, preincubated with 2.5 jg/ml of TNFa for 72 h was also tested
(A). The recoveries of tracer in the column runs exceeded 95%.

was 80 pM. In addition, the binding capacity (Bmax) of this
IgG preparation was three times higher for IL- l a than for IL-6
(1.2 gmol/mol IgG vs. 0.38 ,mol/mol IgG).

The different batches of pooled human IgG were almost
identical with regard to IL-la binding. In contrast, the Kav
and, to a lesser extent, Bmax of the binding to IL-6 varied
considerably between the IgG preparations (Table V). There
was no cross-binding between IL- l a and IL-6 to the IgG prepa-
rations. Thus, 1 mg of the different batches of IgG contained
0.6-0.9 ng anti-IL-la IgG and 0.2-0.4 ng anti-IL-6 IgG. As-
suming that high-dose immune globulin therapy would contrib-
ute approximately 10 mg/ml to the preexisting level of IgG and
noncooperative, single-site binding of the cytokines to IgG (2),
the infused immunoglobulin would bind approximately 80%
of IL-la and 20-70% of IL-6 at a ligand concentration of 1
ng/ml (Fig. 5).

Discussion
A number of reports have appeared describing naturally occur-
ring human antibodies against cytokines (5-8, 10-25, 27).

cpmbound/cpmfree Figure 3. '25I-TNFa
0.25 binding to human IgG.

IgG, 15 mg/ml PBS
0.2 with 2% BSA, was incu-

bated with 3 ng/ml to
0.15 - 2.5 ;1g/ml of '25I-TNFa

for 72 h at room tem-

0.1 0 perature; 150 Iul was ap-
plied on a Sephadex

0 G-100 column at 4VC.
0.05 CThevoid volume cpm

and the cpm distributed
0 - I I I I I in the monomeric and

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 trimeric pooled frac-

cPmmonome/cPmfree tions of the I251-TNFa
elution profile (see Fig.

2) were calculated. The recoveries of tracer in the column runs ex-
ceeded 95%. CpmW~fnd was calculated after subtraction of the void
volume cpm of the tracer alone. The values were plotted as described
in the text. Correlation coefficient = 0.98.

40 80 120
IL-la (pmoIl)

160 2

Binding of IL-6 to IgG (Itmol/mol)

IL-6 (pmolI)

Figure 4. Equilibrium saturation binding of IL-la and IL-6 to human
IgG. Specific binding is shown as total minus nonspecific binding of
duplicate determinations. Binding capacity (B.t) was estimated from
the plateau of the curve and the average affinity (Kay) as the free li-
gand concentration at 50% of B.. (A) IL-la; Ka. = 10 pmol/liter
Bmax = 1.2 Amol/mol. (B) IL-6; Ka. = 80 pmol/liter: B. = 0.38
Mumol/mol.

Some of these antibodies seem to occur relatively frequently
even in apparently healthy individuals; see ref. (1). Thus,
serum IgG directed against TNFa and IL-la have been re-
ported in 0-40% and in 1-30% of normal individuals, respec-
tively, (5, 6, 9, 20-23). Recently, IgG specific for IL-6 were
found in 15% of sera from Danish blood donors ( 14).

Saturation binding analysis is a necessary prerequisite if the
presence of autoantibodies is being evaluated. In this regard,

Table V. IL-I a and IL-6 Binding
to Individual Preparations of Pooled IgG

IL-la IL-6
IgG

batch no. K., B. K., B.

pmol/liter 'smol/mol pmol/liter Omol/mol

1 10 1.2 80 0.38
2 12 1.5 90 0.55
3 10 1.3 10 0.81
4 14 1.6 10 0.73
5 10 1.8 80 0.59
6 10 1.6 50 0.53

Six individual batches of Nordimmun® were tested for binding of
IL-la and IL-6 as described in Fig. 4.
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Figure 5. Estimated
binding of IL-la and
IL-6 to 10 mg/ml of
different batches of hu-
man IgG. Calculations
were carried out using
the formulas:

B/F=
B.

and T=B+F

K., + F

where B is the concentration of bound ligand;
F is the concentration of free ligand;
T is the total concentration of the ligand;
B. is the total concentration of binding sites; and
Kay is the average affinity.

IL-la, batch 3, see Table V; ( ) IL-6, batch 1, see Table V;
and ---) IL-6, batch 3, see Table V.

direct ELISA and Western blotting assays have limited use

compared with binding analyses using '25I-labeled cytokines in
solution. This relates to the amount and state of denaturation
of the fixed molecules and to possible differences in the binding
properties of fixed and dissolved cytokine (32, 39).

In accordance with previous results using sera of normal
individuals ( 13, 14, 19, 20), we found evidence of autoantibod-
ies directed against IL-la and IL-6 in all of six human IgG
preparations manufactured for clinical use. Hence, the binding
of these cytokines was saturable and selectively occurred to the
Fab fragments of the IgG molecules. Also, the binding affinities
of these antibodies were in the same range as those previously
detected for IgG in individual human sera (20, 35).

Pools of human immune globulin have been shown to con-

tain dimeric IgG, which has been proposed to constitute idio-
type-anti-idiotype pairs (38, 40). However, compared with
unfractionated and monomeric IgG, dimeric IgG did not differ
in their specific binding of '251-IL-lIa and '251-IL-6, indicating
the absence of appreciable amounts of blocking anti-idiotype
antibodies. This is supported by the observation that individual
sera failed to block '251-IL- 1 a binding to a known amount of
added human IL-I a antibodies; our unpublished findings, for
reviews see reference 21.

Nonspecific binding may be reduced by the use of deter-
gents (41 ), and milk proteins have been proposed to be supe-
rior to other proteins in blocking nonspecific binding of IgG in
solid phase assay systems (42). Accordingly, skimmed milk
reduced the nonspecific binding of both '251-IL-la and 251I-IL-
6; the detergent Triton X- 100 reduced only nonspecific bind-
ing of the latter. '251-IL-fl exhibited low and nonsaturable bind-
ing to IgG. Heat denaturation of 251I-IL-lfI increased only the
nonspecific binding, and milk proteins suppressed the binding
of the cytokine. From the analyses of individual sera, we and
others have not been able to obtain evidence of antibodies of
the IgG class directed against nondenatured IL- 1I3 (19-21).
Our data further indicate that IgG specific for denatured IL- If
occur rarely, if at all, in sera of healthy humans.

The existence of natural IgG directed against TNFa in hu-

mans has been questioned recently on the basis of Western blot
analyses (9). Wefound that binding of '25I-TNFa to pooled
human IgG was inhibited by excess amounts of unlabeled
TNFa. However, papain-treated IgG retained less than 10% of
the displaceable binding of '25I-TNFa and more than 50%was
recovered by coprecipitation with anti-Fcy antibodies. Fur-
thermore, skimmed milk suppressed the binding of '25I-TNFa
to IgG more strongly than explained by simple, competitive
binding of the ligand to milk. Therefore, the occurrence of
natural antibodies against TNFa in pooled human IgG and,
consequently, a frequent occurrence in normal human serum
is questionable.

Different structural forms of human TNFa have been de-
scribed. For example, x-ray analysis shows that crystalline
TNFa is a trimer (43). Furthermore, monomeric, dimeric, tri-
meric, and higher polymeric forms have been found when ex-
amining TNFa in aqueous solution and biological fluids (44,
45). Using molecular size chromatography with recoveries ex-
ceeding 95%, we did not observe an increased formation of
higher polymers at low concentrations of '25I-TNFa as ob-
served by others (44). However, '25I-TNFa appeared to exist
on both a trimeric and monomeric form. The relative distribu-
tion between these molecular forms was dependent upon the
concentration of the cytokine with a relative dominance of the
monomeric form at lower concentrations.

The analyses of the binding of IgG to monomeric as well as
trimeric '25I-TNFa suggest that the displaceable binding of '25I-
TNFa was caused by a higher nonspecific binding of mono-
meric '25I-TNFa to the immunoglobulins. Thus, the higher
displaceable binding of '25I-TNFa obtained with dimeric IgG
maybe explained by an increased nonspecific binding of TNFa
to this IgG structure.

The results of the present study show the importance of
saturation binding analysis and the demonstration of selective
binding to Fab fragments when searching for autoantibodies to
cytokines. To avoid misinterpretations, the presence of differ-
ent structural forms of the ligand should be evaluated. Thus,
different forms of the cytokine may exhibit different binding to
antibodies, as illustrated here by the binding of nondenatured
and heat-denatured '251-IL-1f3 and monomeric/trimeric '25I-
TNFa to IgG.

Reduction of nonspecific binding to antibodies is of obvi-
ous importance and may be obtained by adding detergents or,
more efficaciously, milk proteins. The latter was the only addi-
tive capable of reducing nonspecific binding to IgG of all the
'25I-labeled cytokines. However, depending upon the structural

form of the cytokine, milk proteins may also reduce the specific
binding to antibody. Analysis of ligand binding to milk pro-
teins may therefore help select the proper amount of these pro-
teins for use in assays designed to evaluate specific binding of
cytokines to naturally occurring or induced antibodies to cyto-
kines.

IL- l a and IL-6 are biologically active at concentrations be-
low 0.1 ng/ml, and the circulating levels of the cytokines are
generally below this concentration (3). However, during gram-
negative sepsis or active stages of some immunoinflammatory
diseases, blood levels of IL- 1 a and IL-6 increase considerably;
however, the levels of IL-la and IL-6 rarely exceed 0.5 ng/ml
and 2 ng/ml, respectively, although very high levels of IL-6 (up
to more than 100 ng/ml) may be seen in patients with septic
shock (3, 46-49). Both cytokines are thought to be crucially
involved in the pathology of sepsis (3, 4).
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Naturally occurring autoantibodies to IL-la and IL-6 in
humans effectively neutralize the bioactivities of these cyto-
kines in vitro ( 14, 35). Adose of 400 mg/kg perd on 5 consecu-
tive d of the IgG preparations examined in this study would
contribute approximately 2 ,ug of anti-IL- 1 a IgG and 1 ,ug of
anti-IL-6 IgG per kg body wt. Even though these quantities are
2-3 orders of magnitude lower than those of monoclonal anti-
bodies needed to suppress functions of cytokines in animals
(50, 51 ), the exquisite binding affinities of the autoantibodies
would provide a neutralizing capacity similar to that of mono-
clonals used in animals. For example, Jesmok et al. found sig-
nificant protective effect of 150 ug/kg of monoclonal antibody
to human TNFa in E. coli-challenged swine, and 100 ng/ml
antibody was required for notable neutralization of TNFa
found in the plasma of untreated septic pigs (mean plasma
concentration: 2.5 ng/ml of TNFa; reference 51 ). In compari-
son, high-dose IgG therapy would contribute about 10 mg/ml
to the plasma concentration of IgG; this would provide approxi-
mately 10 ng/ml of specific antibody to IL- 1 a capable of bind-
ing 1-2 ng/ml of the cytokine.

It should be noted that IL- l a is predominantly found in the
membrane of antigen-presenting cells (52), and because IL-la
as well as IL-6 are bound to surface receptors on responder cells
such as lymphocytes ( 1), very low concentrations of IgG1 and
IgG2 autoantibodies may trigger complement-mediated cyto-
toxic processes against these cells. Therefore, the presence of
these autoantibodies in pharmaceutically prepared IgG may
help to explain why high dose IgG therapy is beneficial in a
number of pathogenetically obscure immunoinflammatory
disorders.
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