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Numbers of interleukin-12 (IL-12)-producing cells were quantitated in the peripheral blood of healthy
donors and tuberculosis patients by the ELISPOT assay. We observed that (i) stimulation with mycobacteria
increases numbers of IL-12 producers from healthy donors and (ii) tuberculosis patients have larger numbers
of IL-12 producers than healthy donors. Our data emphasize the importance of IL-12 in immunity to tuberculosis.

The intracellular pathogen Mycobacterium tuberculosis is the
causative agent of tuberculosis, which is estimated to cause 3
million deaths worldwide annually (2). Resistance to tubercu-
losis crucially depends on specific T cells which activate intra-
cellular killing of the infectious agent by macrophages (5).
CD4 T cells comprise two functionally distinct helper subsets
according to their cytokine profiles, namely, Th1 and Th2 cells
(3, 4, 7). Predominance of Th1l or Th2 cell responses has an
important influence on the outcome of infection with intracel-
lular pathogens (9). The development of the Th cell type is
influenced by several cytokines, such as interleukin-4 (IL-4),
gamma interferon (IFN-y), and IL-12, which are produced at
the onset of infection (3). IL-12, previously known as natural
killer cell stimulatory factor or cytotoxic lymphocyte matura-
tion factor, is an early proinflammatory cytokine which is re-
quired for initiation and maintenance of cell-mediated immu-
nity against intracellular microorganisms (10). IL-12 has been
identified in tuberculous pleuritis and is produced by alveolar
macrophages from tuberculosis patients (12, 13). We quanti-
tated numbers of IL-12-producing cells in the peripheral blood
of healthy donors and tuberculosis patients by the ELISPOT
assay, which we assume to approximate best the in vivo poten-
tial of IL-12 producers. Our data emphasize an important role
of IL-12 in immunity to tuberculosis.

Peripheral blood mononuclear cells were drawn on heparin
after informed consent from Mycobacterium bovis BCG-vacci-
nated (8 of 10) healthy adult volunteers (Blood Donor Center,
Ulm, Germany) and 12 patients with diagnosed pulmonary
tuberculosis (mean age = standard deviation, 40.7 = 14.2)
seen at the Zentralkrankenhaus Gauting. All tuberculosis pa-
tients were seronegative for human immunodeficiency virus
types 1 and 2 and underwent antituberculosis chemotherapy
for less than 30 days. Peripheral blood mononuclear cells were
enriched by density gradient centrifugation and washed in
RPMI 1640 supplemented with 10% human serum (A™, Rh™),
HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid),
and penicillin-streptomicin (all from Biochrom, Berlin, Ger-
many). Afterwards, cells (5 X 10°/ml) were incubated in 250-ml
plastic culture flasks (Nunc GmbH, Wiesbaden, Germany) at
37°C for 1 h, and adherent cells (about 90% pure) were recov-
ered by gentle scraping (8).
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Numbers of IL-12 spot-forming cells (SFC) were deter-
mined by a modification of the ELISPOT assay described ear-
lier (9). Briefly, nitrocellulose-bottom 96-well plates (Millipore
Co., Bedford, Mass.) were coated with anti-human IL-12 (p70)
monoclonal antibodies (MAb) (MAD 11.79.15, 1 wg/ml; kindly
provided by G. Trinchieri, Wistar Institute, Philadelphia, Pa.)
overnight. After being washed with phosphate-buffered saline
(PBS) and incubated with blocking buffer (PBS containing 1%
bovine serum albumin; Serva Feinbiochemica GmbH, Heidel-
berg, Germany), freshly isolated adherent cells from healthy
donors (1.6 X 10° per well [Fig. 1] and 1 X 10° per well [Fig.
2]) or tuberculosis patients (1 X 10° per well [Fig. 2]) were
added in the absence or in the presence of live M. bovis BCG
(2.5 X 107/ml) or dead M. tuberculosis H37Ra (10 pg/ml;
Difco, Detroit, Mich.) organisms, IFN-y (500 U/ml, specific
activity = 107 U/mg of protein; kindly provided by G. Adolf,
Ernst Boehringer-Institut fiir Arzneimittelforschung, Vienna,
Austria), or lipopolysaccharide (LPS) (10 wg/ml; Sigma, St.
Louis, Mo.). After 18 h of incubation at 37°C, the wells were
washed with PBS containing 0.5% Tween 20 (Fluka, Buchs,
Switzerland), and biotin-conjugated anti-human IL-12 (p40)
MADb (MAD 8.6.2.1, 0.25 pg/ml; Wistar Institute) was added to
each well. After 2 h, the wells were washed and incubated with
streptavidin-alkaline phosphatase (1:20,000; Dianova, Ham-
burg, Germany) for 1 h. Unbound conjugate MAb were washed
off, and 5-bromo-4-chloro-3-indolyl phosphate (165 pg/ml)—
nitroblue tetrazolium chloride (330 pg/ml) substrate solution
(Fluka) was added. Color development was terminated with
distilled water, and numbers of IL-12 SFC on dried nitrocel-
lulose wells were determined under a dissection microscope
(Carl Zeiss, Aalen-Oberkochen, Germany). The mean from
four wells per stimulation is expressed as the number of pos-
itive IL-12 SFC per 1.6 X 10° cells or the number of positive
IL-12 SFC per 1 X 10° cells.

First, we analyzed numbers of IL-12 SFC among freshly
isolated adherent cells from healthy donors. Figure 1 shows
that stimulation with dead M. tuberculosis organisms or LPS
significantly increased numbers of IL-12 SFC from 6 of 10 and
8 of 10 donors, respectively (P < 0.05). Live M. bovis BCG
induced an increase of IL-12 SFC in 5 of 10 donors (P > 0.05).
Although tuberculosis patients possess mycobacterium-specific
T cells as shown in proliferation assays with killed M. tubercu-
losis organisms (mean cpm * standard deviation, 22,048 *
22,791) or purified protein derivative (20,593 *+ 15,534), the
T-cell mitogen phytohemagglutinin and anti-IFN-y and/or
anti-tumor necrosis factor alpha MAb did not influence num-
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FIG. 1. Numbers of IL-12 SFC among adherent cells from 10 healthy donors.
Freshly isolated and selected adherent cells were left unstimulated (NIL) or were
pulsed with live M. bovis BCG (2.5 X 107/ml) or dead M. tuberculosis (10 j.g/ml)
organisms or with LPS (10 pg/ml) for 18 h. Afterwards, numbers of IL-12 SFC
were determined by the ELISPOT assay. Results (mean from four wells per
stimulation) are expressed as numbers of IL-12 SFC per 1.6 X 10° cells. %, P <
0.05 versus unstimulated cells (tested by the Wilcoxon signed rank test before
and after stimulation).

bers of IL-12 producers (data not shown). Freshly isolated
adherent cells from tuberculosis patients showed an eightfold-
larger number of IL-12 SFC (median [range] IL-12 SFC, 38 [3
to 170]) compared with that for healthy donors (5 [2 to 12]) (P
< 0.05) (Fig. 2). Interestingly, unstimulated adherent cells
from tuberculous pleuritis exudate also encompassed large
numbers of IL-12 SFC, similar to patient peripheral blood cell
levels (data not shown).

IFN-vy induces IL-12 production, and IFN-y concentration is
elevated in tuberculous pleuritis (6). Therefore, we compared
the IL-12 SFC response patterns of cells from healthy donors
with those from tuberculosis patients after stimulation with
IFN-y. Figure 2 shows that IFN-y stimulation induced a two-
to threefold increase of IL-12 SFC among cells from tubercu-
losis patients (mean [range], 82 [5 to 324]) and healthy donors
(17 [6 to 46]) (P < 0.05). These data suggest that IFN-y
induces similar levels of IL-12 SFC in tuberculosis patients and
healthy donors.

Our investigation reveals that (i) stimulation with mycobac-
teria increases numbers of IL-12 SFC from healthy individuals
in vitro, (ii) tuberculosis patients have larger numbers of cir-
culating and pleural IL-12 SFC than healthy donors, and (iii)
IL-12 SFC from tuberculosis patients and those from healthy
donors are stimulated equally by IFN-y. Mycobacteria induce
increased numbers of IL-12 SFC and IL-12 production and
thus promote development of Thl-type responses (6). Conse-
quently, IL-12 facilitates activation of infected phagocytes and
killing of mycobacterial organisms (5).
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FIG. 2. Numbers of IL-12 SFC among adherent cells from 9 healthy donors
and 12 tuberculosis patients. Freshly isolated and selected adherent cells were
left unstimulated (Nil) or were stimulated with IFN-y (500 U/ml) for 18 h.
Afterwards, numbers of IL-12 SFC were determined by the ELISPOT assay.
Results (mean from four wells per stimulation) are expressed as numbers of
IL-12 SFC per 10° cells. %, P < 0.05 versus unstimulated cells from healthy
donors (tested by the Mann-Whitney U test).

Although we used dead M. tuberculosis and live M. bovis
BCG organisms for our in vitro analyses, we assume that via-
bility rather than antigenic diversity accounted for differential
IL-12 production. Lymphocytes from tuberculous pleuritis
stimulated with M. tuberculosis produce more IFN-y than pe-
ripheral blood lymphocytes (1). Furthermore, IL-12 levels are
increased in tuberculosis patients (12, 13). Thus, elevated lev-
els of systemic IFN-y and IL-12 SFC found in tuberculosis
patients are important regulatory cytokines related to the pro-
motion of Thl cell responses. However, the Thl response is
reduced in the peripheral blood of tuberculosis patients, and
reversion can be achieved by successful antituberculosis ther-
apy (14). Consistent with our data, depression of the Thl
response argues against a failure of the IL-12 induction arm
and suggests impaired T-cell reactivity against tuberculosis. In
agreement with published data (11), we have found elevated
percentages of circulating monocytes expressing abnormal lev-
els of HLA-DR molecules (data not shown). However, in-
creased numbers of IL-12 SFC found in tuberculosis patients
seem to be inversely related to the activation of monocytes in
terms of class II major histocompatibility complex determi-
nants. We assume that IL-12-producing cells act as immuno-
modulators of peripheral and specific T cells. We conclude that
peripheral blood and pleural IL-12-producing cells participate
in the development of protective Thl responses in tuberculosis
patients. Yet, we cannot formally exclude the possibility that
the larger amounts of IL-12 observed in tuberculosis patients
indicate susceptibility rather than resistance to tuberculosis.
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