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BRIEF REPORT 

THE PRESENCE OF ANTIBODIES TO L YMPHOTOXIN AND 
TUMOR NECROSIS FACTOR IN NORMAL SERUM 

EDWARD W. B. JEFFES, Ill. ELIZABETH K. ININNS, KRISTEN L. SCHMITZ, ROBERTS. YAMAMOTO, 
CARMEN A. DETT, and GALE A. GRANGER 

Lymphotoxin (LT) and tumor necrosis factor 
(TNF) are cytokines that probably play a role in several 
autoimmune diseases. In this report, we describe the 
detection, in normal nonimmune serum, of naturally 
occurring antibodies that bind to recombinant human 
LT and TNF. The naturally occurring antibodies that 
bind to LT and TNF could explain why normal immu
noglobulin is effective therapy in idiopathic thrombocy
topenic purpura and Kawasaki syndrome. 

Tumor necrosis factor (TNF) and lymphotoxin 
(LT) are structurally related cytokines that are linked 
on chromosome 6 in humans (1,2). Both of these 
molecules have a wide range of biologic activities, 
including necrosis of tumors in vivo (2). cytotoxicity to 
growth stimulatory effects on cells in vitro (3.4). and 
augmentation of B cell responses (5). 

While performing studies to characterize poly
clonal antiserum produced against TNF and LT, we 
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consistently noted a high-titer background immuno
globulin that bound to TNF and LT. When nonim
mune sera were tested, we also saw consistent binding 
of immunoglobulins to LT and TN F. This report 
describes the immunoglobulin that binds to recombi
nant LT and TNF in nonimmune serum. 

MATERIALS AND METHODS 

Animals and antisera. Immune polyclonal anti
sera were generated against recombinant human LT 
and TNF (Genentech, South San Francisco, CA) in 
New Zealand white (NZW) rabbits, by the method of 
Vaitukaitis et al (6). Normal rabbit serum (NRS) 
representing a serum pool from 20-100 nonimmune 
rabbits was obtained from Rockland Laboratories 
(Gilbertsville, PA). Additional serum samples were 
obtained by bleeding individual nonimmune rabbits. 
Identical results were obtained with all pools of NRS 
and with NRS from individual rabbits. 

Antigen spot test (dot-blot). The binding of 
immunoglobulins to LT and TNF was demonstrated 
by using recombinant human LT and TNF in a modi
fication of the antigen spot test described by Herbrink 
et al (7). Antigen in 2 µJ of borate buffer, pH 8, was 
bound to nitrocellulose paper for 15 minutes at room 
temperature. The paper was then blocked for 2 hours 
in 150 ml of blocking buffer (0. IM Tris HCl, 0.25% 
[weight/volume] gelatin, 0.5% Nonidet P40 in distilled 
water). The paper was incubated overnight at 4°C with 
various dilutions of serum in 2 ml of blocking buffer. 
After extensive washing, 1251-labeled donkey anti
rabbit IgG (2 x 106 counts per minute) was incubated 
with the nitrocellulose in IO ml of blocking buffer at 
4°C overnight. The nitrocellulose was then washed, 
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and autoradiography was performed for 5 days at 
-70°C. 

Specificity controls demonstrated that the anti
gen detected on the nitrocellulose with 1251-labeled 
donkey anti-rabbit lgG was rabbit immunoglobulin, or 
at least, it cross-reacts with rabbit immunoglobulin. 
When TNF-containing dots were exposed to human 
serum (or human IgG), washed, and then developed 
with 1251-labeled donkey anti-rabbit lgG, a dot on the 
film did not result, whereas developing this same type 
of strip with 1251-labeled anti-human lgG did reveal the 
binding of human immunoglobulin to the TNF. Simi
larly, when TNF-containing dots were incubated with 
polyclonal rabbit anti-TNF, washed, and then incu
bated with 1251-labeled anti-human lgG, no binding 
was demonstrated, while developing similar strips 
with 1251-labeled anti-rabbit reagents did result in bind
ing of rabbit immunoglobulin to the TNF dot. 

2 3 
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Affinity purification of antibodies to LT and 
TNF. Recombinant human LT and TNF were coupled 
to cyanogen bromide-activated Sepharose 4B beads 
(Pharmacia, Piscataway, NJ) according to the manu
facturer's instructions (8). The immune sera and nor
mal rabbit sera were passed over LT bound to Seph
arose 4B and over TNF bound to Sepharose 4B, eluted 
with lM NaCl, IM sodium acetate, and 0.01% bovine 
serum albumin (BSA), pH 4.0, and dialyzed overnight 
against phosphate buffered saline. The antibodies 
eluted from these beads were then tested on dots 
containing 100 ng of either cytochrome c (cyt-C), LT, 
or TNF. 

Western blots. Sodium dodecyl sulfate (SDS)-
15% polyacrylamide gels were run with 2 µ,g of recom
binant LT or TNF per lane. The gels were then blotted 
onto nitrocellulose in a Transblot cell (Bio-Rad, 
Richmond, CA) by the method of Burnette (9). The 
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Figure J. Protein dot-blot of immune rabbit serum and normal rabbit serum tNRS) used to 
detect antibodies that react with recombinant lymphotoxin (LT; upper panel) and tumor 
necrosis factor (TNF; lower panel) antigens. Rabbit serum with anti-LT was used at a l: 2,000 
dilution, rabbit serum with anti-TNF at a I :8,000 dilution, and NRS at a I :400 dilution. As a 
control, 1251-labeled donkey anti-rabbit second antibody was tested without the use of rabbit 
antibody (first antibody). See Materials and Methods for details. 
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nitrocellulose was blocked with 5% BSA for 4 hours at 
4°C, and affinity-isolated antibodies to recombinant 
LT and recombinant TNF were incubated overnight at 
4°C. Bound antibodies were identified by incubation 
with 1251-labeled donkey anti-rabbit lgG. The nitrocel
lulose was then autoradiographed for 5 days at - 70°C. 

RESULTS 

The data in Figure I show a comparison of the 
capacity of immune serum and normal nonimmune 
serum to bind to LT and TNF antigens. Each serum 
was tested on both LT and TNF, at 50 ng, 100 ng, and 
200 ng per dot. As seen in Figure 1, the immune sera 
primarily detected the appropriate antigen. Anti-TNF 
did not detect LT because it was diluted 1: 8,000. At 
higher concentrations, binding to LT was seen. Anti
LT at a I : 2,000 dilution detected mainly LT; however, 
faint dots were present when it was tested on TNF. 
When normal nonimmune control sera from 5 normal 
NZW rabbits were tested at a I : 400 dilution, antibod
ies binding to both TNF and LT could be detected. 
When these sera were tested on cyt-C (an unrelated 
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protein), no binding of rabbit immunoglobulin was 
demonstrated (results not shown). When the first 
antibody (NRS, anti-LT, or anti-TNF) was omitted, 
binding of donkey anti-rabbit lgG was not seen. Thus, 
immunoglobulins present in normal rabbit serum 
bound to LT and TNF, but not to cyt-C. 

The above findings could represent nonspecific 
binding of normal immunoglobulins to LT and TNF by 
either the antibody's antigen binding site, the Fe 
region, or the non-antigen binding sites. To examine 
the specificity of the binding of the naturally occurring 
antibody to LT and TNF, we affinity-isolated the 
immunoglobulin that bound to LT and TNF; the 
results are shown in Figure 2. Affinity-purified anti-LT 
from immune sera at a 1 : 500 dilution then bound only 
to LT, and affinity-purified anti-TNF from immune 
sera at a 1 :6,000 dilution bound only to TNF. Affinity
purified anti-LT from NRS bound only to LT, and 
affinity-purified anti-TNF from NRS bound only to 
TNF. Affinity-purified rabbit anti-cyt-C antibody 
bound only to cyt-C, and not to TNF or LT. The 
controls with Sepharose 4B beads containing no anti-
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Figure 2. Ability of affinity-purified immune and naturally occurring antibodies to bind to lymphotoxin (LT) 
and tumor necrosis factor (TNFJ antigens. Affinity-purified anti-LT was used at a I :500 dilution, and 
affinity-purified anti-TNF was used at a I: 6,000 dilution. Affinity-purified anti-LT from normal rabbit serum 
(NRS) and affinity-purified anti-TNF from NRS were each tested at a I: 100 dilution. Affinity-purified 
polyclonal rabbit anti-cytochrome c (anti-Cyt-C) immunoglobulin was tested at a I : 100 dilution . On one 
control strip, only iodinated second antibody was used; on a second control strip, NRS was run over beads 
containing no antigen (blocked beads) (tested at a I: 100 dilution). 
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Figure 3. Western blotting of sodium dodecyl sulfate-15% poly
acrylamide gels . A, Recombinant lymphotoxin (LT) antigen was 
detected with immune anti-LT at a I: 2,000 dilution. B, Recombinant 
tumor necrosis factor (TNF) antigen was detected with immune 
anti-TNF at a I : 8,000 dilution. 

gen (blocked beads) showed no binding, as did the 
control containing no first antibody. Thus, the binding 
of naturally occurring anti-LT and anti-TNF was anti
gen specific, providing evidence that the binding is by 
the antibody's antigen binding site. 

To verify the purity of the recombinant anti
gens, SDS-15% polyacrylamide gel electrophoresis of 
the recombinant molecules was performed, protein 
analysis was done by silver staining (results not 
shown), and Western blots with the immune sera 
generated against the recombinant LT and TNF were 
performed (9). As seen in Figure 3, recombinant TNF 
was predominantly a monomer of 17,00~18,000 MW 
with little dimer of 34,000 MW. Recombinant LT was 
equally composed of a monomer of 15 ,00~ 16,000 MW 
and a dimer of 28,000 MW. 

DISCUSSION 

The finding of naturally occurring antibodies to 
LT and TNF in normal serum is surprising. The 
presence of these antibodies in 5 consecutive ran-
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domly chosen rabbits and in every normal rabbit 
serum pool tested suggests that the presence of these 
antibodies is a general phenomenon occurring in nor
mal rabbits. The binding of the naturally occurring 
rabbit anti-LT and anti-TNF is antigen specific, which 
suggests antigen-antibody interaction via the antigen 
binding site of these anticytokine antibodies. 

LT or TNF may be involved in the pathogenesis 
of a number of autoimmune diseases (10). These 
cytokines can induce systemic effects, vascular dam
age, and altered B and T cell responses observed in a 
number of autoimmune diseases. Although the func
tion of anti-LT and anti-TNF immunoglobulins is not 
clear, the antibodies to LT or TNF present in normal 
serum may neutralize the effect of these cytokines. 
Under normal conditions, these antibodies may be 
able to localize the effects of these molecules. This 
would prevent the damage resulting from overproduc
tion of LT and TNF. Systemic effects may be induced 
by the unbound LT and TNF that result when TNF or 
LT is overproduced and the anticytokine antibodies 
are saturated. 

Normal immunoglobulin has been used to treat 
several autoimmune diseases, including idiopathic 
thrombocytopenic purpura and Kawasaki syndrome 
(11). The mechanisms by which normal immunoglob
ulin modulates these autoimmune processes are un
clear. Potential mechanisms include (a) nonspecific 
immunologic blockade via binding of lgG to Fe recep
tors, (b) feedback inhibition of antibody production 
(e.g ., the idiotype-antiidiotype hypothesis), or (c) in
creased clearance of an antigen or infectious agent. 
Since TNF has been demonstrated in the serum of 
Kawasaki syndrome patients during the acute, febrile 
phase of the disease (10), we would suggest that 
naturally occurring anti-LT or anti-TNF in normal 
immunoglobulin may be neutralizing the systemic ef
fect of LT and TNF or other cytokines. 

TNF and LT are being used in clinical trials as 
systemic treatment of cancer (12) . The presence of 
anti-LT or anti-TNF in normal serum may have an 
impact on the ability of LT and TN F to induce clinical 
responses and on the ability to determine what levels 
of TNF or LT are toxic. The presence of immune 
complexes (i.e., LT-anti-LT) may explain the rapid 
neutralization of TNF and LT in vivo via an immune 
clearance mechanism in the kidneys. 

The finding of anti-LT and anti-TNF antigen
antibody complexes in nonimmune sera and superna
tants from mitogen-activated lymphocytes may ex
plain several puzzling biochemical observations. LT 
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has been shown to be associated in large molecular 
weight complexes. These large complexes with LT 
activity are immunoprecipitated by antiimmunoglobu
lin reagents (13,14). We suggest that naturally occur
ring immunoglobulins are able to form complexes with 
the LT and the TNF molecules, and it is these com
plexes that are being detected by antiimmunoglobulin 
reagents. 

Our preliminary experiments have demon
strated that normal human immunoglobulin can bind to 
LT and TNF. Further work is in progress to define the 
biochemical properties of the naturally occurring anti
LT and anti-TNF both in rabbits and in humans. 
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