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Summary. Two types of tumor necrosis factor re- 
ceptors have been characterized, both capable of 
transmitting the signal and exerting the biological 
functions of TNF and lymphotoxin. We measured 
the plasma concentrations of two types of TNF 
binding proteins (sTNFR-A and sTNFR-B) in pa- 
tients with rheumatoid arthritis (RA) and spondy- 
larthropathies (SPA) using an enzyme-linked bind- 
ing assay. In normal controls (n =43), mean plas- 
ma concentrations were 1030+_55 and 1461_+ 
59 pg/ml for sTNFR types A and B, respectively. 
In 67 patients with moderate RA, mean levels were 
1422_+ 82 pg/ml (type A) and 2088_109pg/ml 
(type B); in 34 patients with severe RA, 2588_ 
279 pg/ml and 4494 _+ 550 pg/ml, respectively, were 
measured (P<0.0001 compared to normal con- 
trols). Concentrations of both type A and type B 
sTNFR were highly correlated in severe RA ( R  2 = 

0.7) but not in SpA or normal controls. T lympho- 
cytes in synovial fluid of patients with RA ex- 
pressed predominantly type A TNF receptors on 
their surface; in some patients a weaker expression 
of type B receptors was also detectable. Soluble 
TNF binding proteins in patients with RA were 
able to neutralize TNF in a cytotoxiity assay, dem- 
onstrating their ability to act as "TNF-inhibiting 
factors". We conclude that both types of TNF re- 
ceptors are parameters of disease activity in RA 
and may also act as TNF antagonists. 
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leukin-6 (IL-6) have been suggested as mediators 
of pathophysiologic events [8, 10, 11, 13, 14, 16, 
21, 28]. TNF is a pleiotropic cytokine with impor- 
tant regulatory functions in inflammation and im- 
mune response [18, 24]. TNF receptors (TNFR) 
are differentially expressed on macrophages, gran- 
ulocytes, activated T and B lymphocytes, and var- 
ious other cell lines [1]. Proteins inhibiting the ef- 
fects of TNF have been isolated from human urine 
and plasma [5, 19, 23]. It has been argued that 
these substances may play a role as antagonists 
or neutralizing agents of TNF. Recently it has be- 
come clear that the " T N F  inhibitors" are soluble 
forms of TNF receptors. Two types of cell surface 
receptors, a 75-kD molecule called type A or 
TNFR-A and a 55-kD called type B or TNFR-B, 
have been characterized biochemically and by reac- 
tivity with two sets of monoclonal antibodies 
(mAbs) [2, 6, 12]. Cloning and sequencing of the 
cDNAs of the two types of TNFR revealed a ho- 
mology of the 75-kD receptor with the B-cell-asso- 
ciated antigen CD 40 and with the nerve growth 
factor receptor [15, 22, 25]. We found that in pa- 
tients with rheumatoid arthritis (RA), the plasma 
concentrations of both types of soluble TNF bind- 
ing proteins are elevated as compared to normal 
controls and to patients with spondlyarthropathies 
(SPA). The TNF binding proteins in patients with 
RA are functionally active and can neutralize the 
cytotoxic effects of TNF in bioassays. The disease 
activity is correlated with TNFR plasma concen- 
trations. 

In rheumatic diseases, cytokines like tumor necro- 
sis factor (TNF), interleukin-l(IL-1), and inter- 

Abbreviations: T N F = t u m o r  necrosis factor; T N F R = t u m o r  
necrosis factor receptor; s T N F R = s o l u b l e  tumor necrosis fac- 
tor receptor; RA = rheumatoid arthritis;  SpA = Spondylarthro- 
pathy; E L I B A = E n z y m e  linked binding assay; m A b = m o n o -  
clonal antibody 

Patients, materials, and methods 

Patients 

The rheumatology outpatient unit of the Depart- 
ment of Internal Medicine V of the University of 
Heidelberg characterized 101 patients as having 
rheumatoid arthritis (RA) according to the ARA 



criteria. Patients who were found to suffer severe 
RA had a Ritchie joint index > 25, vasculitic le- 
sions, or pulmonary rheumatic disease. Patients 
deemed to have moderate RA did not match these 
criteria. EDTA plasma and synovial fluids were 
stored at - 2 0  ° C until use. For the TNF cytotoxi- 
city assay, serum was stored at - 2 0  ° until use. 
Plasma of 43 healthy volunteers was stored and 
assayed under the same conditions. 

Assays for type A and B TNF receptors 

The concentrations of sTNFR were measured by 
an enzyme linked binding assay (ELIBA) with a 
TNFc~ horseradish peroxidase conjugate as detect- 
ing agent. The assays were based on a similar pro- 
tocol with 125 I-TNFc~ described previously [4]. 
The details of  the assay will be presented elsewere 
(H. Gallati, M. Brockhaus: manuscript in prepara- 
tion). Briefly, microtiter plates were coated with 
either the noninhibitory mAb utr-4 directed 
against type A T N F R  (75 kD) [2] or with the non- 
inhibitory mAb htr-20 against type B TNFR 
(55 kD) [4]. In a single-step reaction the plasma 
was incubated together with TNFe  enzyme conju- 
gate in the microtiter wells. After removal of the 
unbound reagent, the bound TNFe  enzyme was 
measured enzymatically with tetramethyl-benzi- 
dene as substrate. The TNFc~ enzyme conjugate 
was present in surplus; moreover, the addition of 
up to 40 ng/ml of recombinant TNFc~ had no influ- 
ence on the T N F R  assays. The assays had a range 
of 0.1-5 ng/ml and a sensitivity of 100pg/ml 
sTNFR-A and sTNFR-B. 

ELISAs for TNF 

Plasma concentrations were measured using the 
Quantikine TNF assay (Biermann GmbH, Bad 
Nauheim, FRG) according to the manufacturer 's 
instructions and analyzed with an ELISA reader 
at 492 nm. Recovery of 50 pg/ml recombinant 
TNF was less than 40% in the presence of the 
patients' plasma. This may indicate an interfering 
plasma factor. Recovery of higher TNF concentra- 
tions (>  500 pg/ml) was better but did not reach 
100%. 

Analysis of surface TNF receptors 
on synovial T lymphoeytes 

Lymphocytes from heparinized synovial fluid of 
patients with RA were separated with Ficoll-Hy- 
paque. Lymphocytes were analyzed after staining 
with ant i-TNFR mAbs UTR-1, HTR-5, and HTR- 

23 

9 (all IgG1) and IgG1 control mAbs. The genera- 
tion and characterization of ant i -TNFR antibodies 
UTR-I  HTR-5 and HTR-9 is described in [2]. 
UTR-1 binds to a 75-kD TNFR;  HTR-5 and 
HTR-9 to a 55-kD TNFR. I0  6 Cells were incubat- 
ed with 10 gg/ml mAbs in PBS with 0.1% BSA 
at 4 ° C for 30 min. Cells were washed with PBS + 
0.1% BSA, and then 1:50 diluted Biotin F(ab)2 
goat anti-mouse IgG (Dianova, Hamburg, FRG) 
was incubated for 30 min at 4 ° C. After 30 min 
incubation with 1:50 PBS-diluted streptavidin 
phycoerythrin (Dianova, Hamburg, FRG) cells 
were washed again and fixed with 1% formalin 
(Merck, Darmstadt,  FRG). Indirect immunofluor- 
escence was measured using a FACScan flow cyto- 
meter (Becton Dickinson). Staining with CD 3, 
CD 20 (pan B marker), CD 4, and CD 8 mAbs 
revealed that more than 90% of synovial lympho- 
cytes were T cells. 

TNF cytotoxicity assay 

Cells of  the TNF-sensitive 24T2.5 mouse fibrosar- 
coma cell line [27] were kindly provided by H. 
Schreiber, University of Chicago. Human recom- 
binant TNF with a biological activity of 8 x 10 6 U /  
ml was generously provided by BASF AG, Lud- 
wigshafen, FRG. The 24T2.5 cells were cultured 
for 72 h in 1640 RPMI, 5% heat-inactivated fetal 
calf serum, 2 mM L-glutamine, and penicillin/ 
streptomycin. Sera from a normal donor, two RA 
patients, and two SpA patients were 1:5 diluted 
in PBS and equilibrated at room temperature for 
4 h  with 10 Ixg/ml HTR-5 mAb and 10 lxg/ml 
UTR-1 mAb, or as a control with 20 gg/ml of  un- 
related IgGl mAb. The 1 : 5 diluted sera equilibrat- 
ed with HTR-5, UTR-1, or control IgG1, were 
supplemented with TNF to an final concentration 
of 0.01 U/ml-100 U/ml TNF and kept for 2 h at 
20°C before being added to the 24T2.5 cultures. 
Viability of  the 24T2.5 cells was determined after 
72 h with the MTT assay [17]. 

Results 

Plasma concentrations of TNF binding proteins 
in patients with RA and SpA compared 
to normal eontrols 

Plasma of healthy donors and patients with RA 
and SpA were collected, aliquotted, and frozen at 
- 2 0  ° C. Each sample was thawed only once. The 
plasma concentrations of sTNFR types A and B 
are shown in Table 1. Mean plasma concentrations 
were 1030_+ 55 pg/ml for sTNFR-A and 1461_+ 
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59 pg/ml for sTNFR-B in normal controls (n = 43). 
In patients with moderate RA (n = 67), mean plas- 
ma concentrations of  both T N F  binding proteins 
were significantly elevated as compared to the con- 
trol group (P < 0.01 and P < 0.001 for T N F R  types 
A and B, respectively). In patients with SpA (n = 
51), both TNF  binding proteins also ranged signifi- 
cantly higher than in normal controls (1415+ 

Table 1. Plasma concentrations of soluble 
(sTNFR) in patients with rheumatoid arthritis 
dylarthropathies (SPA) 

TNF receptors 
(RA) and spon- 

Group (n) Type A sTNFR Type B sTNFR 
pg/ml pg/ml 
(P*) (P*) 

Controls (43) 1030 ± 55 1461 ± 59 

moderate RA ( 6 7 )  1422-t-82 2088+109 
(P<0.01) (P<0.001) 

severe RA (34) 2588 + 279 4494 + 550 
(P < 0.0001) (P < 0.0001 ) 

SpA (51) 1415 + 91 1779 _+ 81 
(P < 0.01) (P < 0.05) 

* Determined by Mann Whitney U-test 

91 pg/ml and 1779_+ 81 pg/ml). Since a similar in- 
crease was found in patients with SpA, the differ- 
ences between patients with moderate RA and SpA 
are negligible, although a trend toward higher lev- 
els of  type B T N F R  was seen in patients with mod- 
erate RA. In patients with severe RA (n = 34), the 
highest plasma concentrations for both types of  
s T N F R  were measured. The mean values of  this 
group were significantly elevated when compared 
to normal controls (P<0.0001 for both T N F R )  
or compared to the patients with moderate rheu- 
matoid disease (P<0.001).  T NF  could not be de- 
tected by ELISA in any of  the patients' plasma. 

Correlation of plasma concentrations of both types 
of TNF binding proteins in RA patients 

Linear regression analysis was performed to study 
the correlation of  type A and type B s T N F R  plas- 
ma concentrations in the patients with RA and 
SpA and normal controls. Figure 1 demonstrates 
that the concentrations of  both types of  s T N F R  
are correlated in RA patients (R 2 = 0.458 and R z -- 
0.708 for moderate and severe RA). Plasma con- 
centrations of  both types of  s T N F R  are not corre- 
lated in SpA patients and normal controls. 
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Fig. 1. Correlation of sTNFR-A 
and sTNFR-B in plasma of pa- 
tients with moderate and severe 
RASpA, and normal controls 
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Fig. 2. Proliferation of TNF-sensitive 24T2.5 fibrosarcoma 
cells. 24T2.5 cells were cultured in medium (curve 1) containing 
20% human serum of a patient with high sTNFR concentra- 
tions. The human serum was incubated previously with anti- 
TNF receptor antibodies UTR-1 and HTR-5 to block binding 
sites for TNF (curve 2) or with a control Ig (curve 3) 

Functional activity of plasma TNF binding 
proteins in a TNF-induced cytotoxicity assay 

Using the TNF-sensitive murine fibrosarcoma line 
24T2.5, we demonstrated that sTNFR inhibit the 
TNF-induced cytotoxicity in the 24T2.5 assay 
(Fig. 2). As documented in curve 1, 24T2.5 cells 
are killed dose-dependently by TNF. Serum of a 
patient with RA equilibrated with mAb UTR-1, 
an inhibitory antibody specific for type A TNFR 
(75 kD), and mAb HTR-5, which is specific for 
type B TNFR (55 kD) [2], does not inhibit TNF 
cytotoxicity (curve 2). The two anti-TNFR anti- 
bodies block the binding of TNF to the two types 
of sTNFR and therefore keep TNF available to 
work its cytotoxic effects on the 24T2.5 target cells. 
If serum is equilibrated with a murine IgG1 control 
antibody instead of the anti-TNFR antibodies, the 
sTNFR receptors exhibit TNF-neutralizing capaci- 
ty in the 24T2.5 assay (curve 3). 

Expression of TNFR on synovial T lymphocytes 

Freshly isolated synovial lymphocytes of 6 patients 
with RA were analyzed with TNFR types A- and 
B-specific mAbs. Figure 3 shows data on patients 
1-3. T lymphocytes predominated in all patients' 
synovial fluids. B cells amounted to < 7% of the 
total. The synovial lymphocytes expressed in all 
cases type A TNFR. In two cases weak expression 
of type B TNFR was found also. In contrast, fresh- 
ly isolated peripheral blood T lymphocytes of these 
6 patients and of 5 healthy donors did not express 
significant amounts of either TNFR (not shown). 

Soluble TNF receptors in synovial fluid of patients 
with RA. Type A and type B TNFR were measured 
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Fig. 3. Expression of type A and B TNF receptors on synovial 
lymphocytes. Synovial lymphocytes (more than 93% T cells) 
were stained with UTR-1 (type A TNFR) or with HTR-5 (type 
B TNFR) or control mAb (dotted lines) using indirect immuno- 
fluorescence measured with a FACScan flow cytometer. The 
individual histograms represent the fluorescence intensity of 
synovial lymphocytes in three patients with RA 
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Fig. 4. Correlation of sTNFR-A and sTNFR-B concentrations 
in synovial fluids of patients with RA 

in the synovial fluids of 14 patients with RA. The 
mean concentrations are 14221_+2596 pg/ml for 
type A and 16228_+2098 pg/ml for type B TNFR, 
significantly elevated compared to the plasma con- 
centrations. The concentrations of both types of 
receptors were highly correlated (Fig. 4). 

Discussion 

TNF has been suggested as a possible mediator 
of the inflammatory events in RA and as an impor- 
tant factor in cartilage and bone destruction [10, 
13, 21, 28]. Recent evidence suggests that high 
amounts of TNF binding proteins are found in 
severe inflammatory responses like sepsis. These 
proteins act as specific inhibitors of TNF in vat- 
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ious biological assays, and they may influence the 
homeostasis of  TNF-mediated inflammatory 
events. In order to gain more information on TNF 
and endogenous TNF binding proteins in RA and 
SpA, we measured the plasma concentrations of 
sTNFR. TNF was not detectable in any of the 
patients, but all plasma specimens contained TNF 
binding proteins (TNFR-A and -B). In RA pa- 
tients the concentrations of  both types of receptors 
were significantly elevated as compared to normal 
controls. A minor elevation was found in patients 
with SpA. Patients with severe rheumatoid disease 
had higher plasma levels than patients with moder- 
ate RA. In contrast to our results, others have mea- 
sured elevated TNF serum concentrations in RA 
patients using different methods [21] ; standardized 
assays will be needed to compare results. Further- 
more, the increased amounts of both types of 
sTNFR we found in the plasma of  RA patients 
may influence TNF measurements. In vivo TNF 
application in human cancer patients seems to in- 
duce high plasma levels of  sTNFR (our own un- 
published observation). It may even be that the 
elevated sTNFR concentrations in RA patients re- 
flect the counterregulation of increased TNF bio- 
synthesis, which itself is not detectable because of 
its short half-life. Interestingly, the plasma concen- 
trations of both types of T N F R  are correlated in 
RA patients but not in SpA patients. It has been 
reported that polymorphonuclear cells shed both 
types of  T N F R  from their cell surface upon activa- 
tion in vitro [20], leading to a ratio of approxi- 
mately 1:2 for sTNFR-A and sTNFR-B. Activat- 
ed lymphocytes express predominantly type A 
T N F R  (75 kD) [3, 9, 25] and are a possible source 
of sTNFR-A (our own unpublished data). Al- 
though the cellular origin of elevated sTNFR-A 
and sTNFR-B in RA has not been identified, it 
remains an intriguing hypothesis that these pro- 
teins reflect the state of polymorphonuclear cells 
and lymphocyte activation in disease. Indeed, in 
6 out of  6 cases we found T lymphocytes in the 
synovial fluid of  RA patients expressing type A 
T N F R ,  and in 2 out of  6.~cases, type B TNFR-  
positive T cells. Peripheral T cells did not express 
TNFR.  The highest concentrations of both types 
of  soluble T N F R  were found in the synovial fluid 
of patients with RA. This suggests that in RA pa- 
tients, activated T cells located in the inflammatory 
joints are predominantly a source of type A 
TNFR,  whereas type B T N F R  might be shed by 
another compartment,  perhaps by granulocytes or 
endothelial cells. The pathophysiological function 
of the TNF binding proteins is still unclear. Ele- 
vated concentrations of TNF binding proteins are 

also seen in malignant diseases [4, 7] and in pa- 
tients under the influence of endotoxin [26]. Since 
soluble TNFR neutralize TNF, they may play a 
role as a local TNF antagonist at the sites of in- 
flammation as well as an inhibitor of  generalized 
TNF toxicity in the periphery. Further investiga- 
tions are needed to dissect the homeostasis and 
balance of the T N F / T N F R  system. 
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