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AND STEFAN H. E. KAUFMANN1

Department of Immunology, Max Planck Institute for Infection Biology, 10117 Berlin, Germany,1 and Institute of
Tropical Dermatology and Venereology Alfredo da Matta, 69062 Manaus, Brazil2

Received 22 July 1998/Returned for modification 26 August 1998/Accepted 29 October 1998

Serum levels of soluble tumor necrosis factor alpha receptor I (sTNF-RI) were elevated in patients with
lepromatous (LL) reactional-state type II leprosy, and sTNF-RII levels were increased in patients with full
tuberculoid (TT) or LL type II leprosy. The sTNF-R in sera from patients with type II leprosy, but not other
forms of leprosy, inhibited recombinant TNF cytolytic activities in vitro. This suggests that sTNF-R regulatory
activities are partially impaired in patients with leprosy.

Leprosy is a chronic infectious disease which presents clin-
ically as a spectrum of symptoms associated with the immune
response to the causative pathogen, Mycobacterium leprae. His-
tologically, the bacteria are focused in lesions which vary from
well-organized granulomas containing few mycobacterial or-
ganisms at the tuberculoid (TT) end of the spectrum to less-
organized lesions where bacilli are found in great numbers at
the lepromatous (LL) end. Between the TT and LL poles,
tissue responses may present borderline forms (borderline tu-
berculoid [BT], borderline [BB], and borderline lepromatous
[BL]). The development of reactional states in leprosy repre-
sent detrimental corollaries of the immune response due to
either alterations in cellular immunity (type I reactions) or
excessive formation of immune complexes at the sites of anti-
gen deposition (type II reactions).

Marked tumor necrosis factor (TNF) release by macro-
phages in reactional states indicates that TNF mediates immu-
nopathologic effects and tissue damage in leprosy patients (4,
5, 7, 8, 18, 19). TNF-induced cellular activities are provided by
the receptors TNF receptor I (TNF-RI; 55 kDa) and TNF-RII
(75 kDa), which can be proteolytically cleaved from the cell
surface and found in soluble TNF-R (sTNF-R) forms in serum
(2, 11, 16). These sTNF-R forms compete for TNF and thus
block or stabilize activities of the latter (2, 17). To determine
the potential role of sTNF-R in leprosy forms, we analyzed the
levels of sTNF-RI and sTNF-RII and their blocking activities
in sera from leprosy patients.

Sera from healthy individuals without any history of myco-
bacterial infection were obtained from regions of Amazonas
State, Brazil, where leprosy is endemic. Sera from leprosy
patients (4 females and 32 males; mean age, 31.4 6 5.6 years)
undergoing or not undergoing multidrug therapy (Ofloxacin
Multicenter Field Trial) and diagnosed in accordance with the
Ridley-Jopling classification (12) were obtained after the pa-
tients provided informed consent at the Institute Alfredo da
Matta. Peripheral blood obtained through venipuncture was
incubated for 2 h at 4°C to achieve complete coagulation and
then centrifuged (1,000 3 g, 4°C), and serum was stored at
220°C before use.

The biological activity of TNF in sera was measured by

cytolytic assays using L929 cells and human recombinant TNF
(hTNF; kindly provided by G. R. Adolf, Ernst-Boehringer-
Institut, Vienna, Austria) for standard curve values (sensitivity
of the assay, 10 pg/ml) (2). Sera from patients with TT, LL, and
type II (LL and BL form) leprosy showed a significant increase
in TNF titers, in contrast to patients with type I leprosy (BL
form) (P , 0.01; Mann-Whitney U test comparison with levels
in healthy donors) (Fig. 1). Lower TNF levels in BL type I
patients may be due to intrinsic immune response defects in
these patients, high levels of TNF inhibitors, or deficient pro-
duction of cytokines involved in the induction of TNF, such as
gamma interferon (7, 10).

We then analyzed the levels of sTNF-RI and sTNF-RII in
human sera by an enzyme-linked immunosorbent assay.
Briefly, 96-well plates (Nunc, Wiesbaden, Germany) were in-
cubated with inhibitory monoclonal antibodies (MAb) diluted
in coating buffer against anti-hTNF-RI (clone 16803.1; 1 mg/
ml) (R&D Systems, Wiesbaden-Nordenstadt, Germany) or an-
ti-hTNF-RII (clone 22221.311; 1 mg/ml) (R&D Systems). After
washing and blocking of wells, diluted human serum (1:3) was
added and the wells were incubated at 23°C for 4 h. The wells
were washed, polyclonal goat anti-hTNF-RI (375 ng/ml) or
anti-hTNF-RII (750 ng/ml) affinity-purified antibodies (all
from R&D Systems) were added, and the wells were incubated
for 1 h. The reaction was visualized by adding peroxidase-
conjugated mouse anti-goat immunoglobulin G antibodies (1
mg/ml; Dianova, Hamburg, Germany), followed by phenylene-
diamine-dihydroxide (Sigma, Deisenhofen, Germany) in ci-
trate buffer (pH 5.0), for 10 min. The concentration of
sTNF-RI or sTNF-RII was calculated by using a standard
curve generated with recombinant hTNF-RI (rTNF-RI) or
rTNF-RII (R&D Systems) (sensitivity of the assay, 300 pg/ml).
Levels of sTNF-RI were increased only in sera from patients
with LL type II reactional-state leprosy, whereas levels of
sTNF-RII were elevated in sera from patients with TT and
type II reactional-state forms (LL and BL) of the disease, in
comparison to levels in healthy donors (P , 0.05) (Fig. 2). It is
important to note that no correlation was detected between the
levels of TNF and sTNF-RI or sTNF-RII or between the levels
of sTNF-RI and sTNF-RII in sera from leprosy patients, sug-
gesting that induction of TNF-RI and TNF-RII are not co-
regulated.

Since sTNF-R binds to and regulates TNF activities (2), we
investigated the ability of sTNF-R in human sera to inhibit
rTNF functions in vitro (1). The cytocidal activity of TNF was
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analyzed on L929 cells incubated for 12 h in the presence of
rTNF (1 mg/ml) alone or together with diluted serum samples
in phosphate-buffered saline (1:10), with or without anti-
hTNF-RII and anti-hTNF-RII inhibitory MAb (5 mg/ml; R&D
Systems). The percentage of lysis was calculated as follows: %
lysis 5 [(test OD 2 spontaneous OD)/(OD of sample with 1
mg of rTNF per ml 2 spontaneous OD)] 3 100, where OD is
optical density. Figure 3 shows that sera from five patients with
type II reactional-state leprosy (LL form) inhibited, at different
levels, TNF cytotoxicity (mean 6 standard deviation 5 40% 6
3%), in contrast to sera from healthy subjects or patients with
the TT, LL, or BL type I reactional-state leprosy. In addition,

anti-hTNF-R MAb abolished the inhibitory effects of sTNF-R,
confirming the specific serum activity of sTNF-R. When mouse
rTNF (10 pg/ml; Genzyme Corp., Cambridge, Mass.) was used
instead, type II patient sTNF-R decreased mouse rTNF activ-
ity four- to fivefold (data not shown) (9).

Our data show increased levels of sTNF-RI in patients with
LL type II leprosy and of sTNF-RII in patients with TT and LL
type II leprosy, and treatment of these patients with chemo-
therapy does not seem to change the results. The sTNF-R from
the LL type II form, but not from other forms of the disease,
inhibited TNF activities in vitro. It is known that the affinity of
TNF is higher for sTNF-RII than for sTNF-RI (10). Consistent

FIG. 1. Levels of TNF in sera from healthy donors and leprosy patients (with TT and LL forms and type I and type II reactional states of the disease). The levels
of bioactive TNF in human sera were analyzed by cytotoxic assays using L929 cells. Results are expressed as horizontal bars that indicate median values. P values indicate
results that are significantly different from results for healthy donors (P , 0.05; Mann-Whitney U test).

FIG. 2. Levels of sTNF-RI and sTNF-RII in sera from healthy donors and leprosy patients (with TT and LL forms and type I and type II reactional states of the
disease). The amount of sTNF-RI (E) or sTNF-RII (F) in human sera was analyzed by an enzyme-linked immunosorbent assay. Results are expressed as horizontal
bars that indicate median values. P values indicate results that are significantly different from results for healthy donors (P , 0.05; Mann-Whitney U test).
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with this knowledge, elevated levels of sTNF-RII observed in
TT patients could regulate TNF activities in vivo. In contrast,
it seems that increased sTNF-RII levels in type II patients do
not regulate TNF activities in vivo, possibly because sTNF-RII
bound to TNF at elevated titers in serum or because functions
of sTNF-RII, but not sTNF-RI, were altered in vitro and thus
failed to inhibit TNF activities. We assume that in vitro TNF
inhibitory effects observed with serum from type II patients is
dependent on elevated serum levels of sTNF-RI, which may
have better function in vitro than sTNF-RII. This event may be
relevant in type II reactional states of the disease.

TNF is a short-range cytokine, and sTNF-Rs make TNF
available for systemic effects (2, 15). High concentrations of
sTNF-R are found in cases of severe inflammatory diseases,
which may counteract harmful effects of TNF (1, 3, 6, 13).
However, a 10- to 100-fold molar excess of sTNF-R over TNF
is required for complete inhibition of TNF activity (10). Thus,
increased levels of TNF detected in sera from patients with
reactional-state type II leprosy (Fig. 1) (14) may result from
insufficient amounts of inhibitory sTNF-R and/or an increased
pool of stabilized sTNF-R–TNF complexes leading to the
harmful effects seen in this form of leprosy.

In summary, our data suggest that regulation of TNF activ-
ities in leprosy type II reactional states is not as efficient as it
is in other leprosy forms. This is consistent with the elevated
and harmful TNF effects seen in type II reactional states.
Further studies are necessary to correlate levels of sTNF-R
with severity of reactional states in leprosy.
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FIG. 3. Inhibition of TNF activity by sTNF-R in sera from healthy donors
and leprosy patients (with TT and LL forms and BL type I and LL type II
reactional states of the disease). The capacity of sTNF-R to inhibit rTNF cyto-
lytic activity (1 mg/ml) was analyzed on L929 cells incubated in the presence of
rTNF (h), rTNF plus human sera (o), rTNF plus human sera together with
anti-TNF-RI and anti-TNF-RII MAb (■), or human sera plus anti-TNF-RI and
anti-TNF-RII MAb (z). Results of three independent experiments are expressed
as means 6 standard deviations of percentages of cytotoxicity. ✶, significantly
different (P , 0.05) from values for healthy donors (Mann-Whitney U test).
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