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Mycobacterium bovis BCG but not Mycobacterium leprae
Induces TNF-a Secretion in Human Monocytic THP-1 Cells
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In this study, we compared the level of TiBecretion induced in monocytic THP-1 cells after
phagocytosis oMycobacterium lepragehe causative agent of leprosy, andbovisBCG, an attenu-
ated strain used as a vaccine against leprosy and tuberculosis. The presbhdeprheand BCG was
observed in more than 80% of the cells after 24 h of exposure. However, BCG Mulemmtewas
able to induce TNF& secretion in these cells. Moreover, THP-1 cells treated simultaneously with BCG
andM. lepraesecreted lower levels of TNdFeompared to cells incubated with BCG alohé. leprae
was able, however, to induce TNFsecretion both in blood-derived monocytes as well as in THP-1
cells pretreated with phorbol myristate acetate. The inclusion of streptomycin in our cultures, together
with the fact that the use of both gammae-irradiatédepraeand heat-killed BCG gave similar results,
indicate that the differences observed were not due to differences in viability but in intrinsic properties
betweenM. lepraeand BCG. These data suggest that the capacitylofepraeto induce TNFga is
dependent on the stage of cell maturation and emphasize the potential of this model to explore differ-
ences in the effects triggered by vaccine strain versus pathogenic species of mycobacteria on the hos
cell physiology and metabolism.
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Mononuclear phagocytes are target cells fotion, infected macrophages to produce cytokines
pathogenic mycobacteria that generally require asuch as TNFx and IL-12, cricial for the emergency
intracellular environment in which they survive anf a Th1-like response (Trinchieri 1993, Flesch et
replicate. Although these cells can offer a quital. 1995), will favor the development of a suscep-
hostile environment to the entering pathogen, thetible phenotype.
can also provide unique advantages to the infec- The early molecular events that occur during
tious organism. They are long-living cells and thughe interaction between monocytic cells and my-
provide a potential long-term habitat for the baceobacteria remain poorly defined. Experiments
terial invader. In addition, macrophages play aomparing attenuated versus virulent strains and
pivotal role in host defense against infection, prilive versus dead bacteria have revealed critical dif-
marily due to the vast array of mediators that theserences in their effects on the host cell suggesting
cells can secrete, offering in this way to the inthe importance of these events in mycobacterial
vader organism an opportunity to manipulate thpathogenesis. To gain a better understanding of
immune system to its own advantage (Russ¢he mycobacteria-host cell interactjome have
1995). Immunity to intracellular pathogens deemployed an in vitro model of infection using THP-
pends mainly upon the activation of IRNyroduc- 1 cells, a human immature monocytic cell line. As
ing CD4 T cells, the so called Thl response, whicla first approach, we compared the level of ToNF-
increases the microbicidal capacity of macrophsecretion induced in these cells after phagocytosis
ages (Kaufmann 1995). In this context, microoref Mycobacterium lepraethe causative agent of
ganisms that supress or avoid, early during infedeprosy, andM. bovisBCG, an attenuated strain

used as a vaccine against leprosy and tuberculosis.
Blood mononuclear cells of both normal individu-
als or leprosy patients secrete TNHRA response

to M. lepraesand BCG (Santos et al. 1993, Suzuki

- t al. 1993, Lima et al. 2000). Besides its role in
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emphasized in a report that describes the deleteviated in the presence of PMA for 4 h and then
ous effects of deletion in TN&-gene on myco- washed and incubated in fresh RPMI complete
bacterial infections (Flynn et al. 1995). Our remedium for an additional 24 h in the presence of
sults demonstrate that BCG but ot lepraein- M. leprae
duces TNFa secretion in THP-1 cells, emphasiz- Human blood-derived monocytes - Normal
ing the potential of this model to explore differ-human peripheral blood mononuclear cells
ences in signaling pathways triggered by vaccind®BMC) were separated by Ficoll-Hypaque den-
versus pathogenic species of mycobacteria.  sity gradients from sterile heparinized blood. The
MATERIALS AND METHODS pells from'the mterface were Washeql three times
in PBS (without calcium and magnesium) supple-
Source of reagentsRPMI 1640 medium, peni- mented with 1% AB human serum, seeded at a
cillin/streptomycin, L-glutamine were obtaineddensity of 1x10per well per ml in 24-well
from Gibco BRL (Gaithersburg, MD, USA); microtiter plates in RPMI-1640 medium supple-
phorbol-12-myristate-13-acetate (PMA) was purmented with 5% AB human serum, 100 U/ml peni-
chased from Sigma Chemical Co. (St. Louis, Misgillin, 100 pg/ml streptomycin and 2 mmol/I
souri, USA). glutamine, and allowed to settle at 37°C in a hu-
Mycobacteria- Frozen aliquots oM. bovis  midified atmosphere of 5% CO After 24 h, the
BCG (Pasteur strain) had been produced by thfon-adherent cells were removed with three
Pasteur Institute (Paris, France), and were kindghanges of warm PBS and to the adherent cells
donated by Dr Sylvio CG Costa (Oswaldo Cruzabout 2x18 per well), 1 ml of complete RPMI
Foundation, Brazil). The mycobacteria was storegontaining BCGM. lepraeor no mycobacteria was
in vials at a concentration of about 580FU/ml  3dded and the cells were cultured up to 48 h.
in PBS at -20°C until use. Armadillo-derivédl Enough mycobacteria were added to the wells
lepraewas kindly donated by Dr PJ Brennan (Detg achieve bacteria/cell ratios of approximately 1:1,
partment of Microbiology, Colorado State Univer-10:1 and 100:1. Since most armadillo-deritéd
sity, Fort Collins, CO) through NIAID contract |gprae are likely dead, experiments were always
NO155262. For each experiment, a sample Wagrformed in the presence of streptomycin, an an-
thawed and diluted in a small volume of PBSjhistic known to be effective againM. leprae

supplemented with 0.005% Tween 80. Before 4 gcG (winder 1982, Gelber 1987). By doing
addition to blood-derived macrophages or THP-is the differences observed in TiFsecretion

cells, clumps of bacteria were removed by repeated yhis study would be essentially due to intrinsic

passages through a 27 gauge needle and mild sofierences betweeM. lepraeand BCG, and not
cation for 10 min. TotaVl. lepraeand BCG counts 4 jitferences in their viability. After 2, 24 and 48

were estimated as described by Shepard arf'1dofincubation,the culture supernatants of PBMC

MacRae (1968). or THP-1 cells were collected and recentrifuged at
Cell culture and infection 14,000 xg to remove extracellular mycobacteria
THP-1 cells- Cells from a human myelomono- and stored at -70°C until determination of TNF-

cytic cell line, THP-1 (American Type Culture levels by ELISA. Viability of the blood-derived
Collection, Rockville, MD), were grown as sus-monocytes or THP-1 cells was assessed by stain-
pension cultures in RPMI medium supplementeihg the cells with PBS containing etidium bromide
with 10% heat-inactivated fetal calf serum, 100 U(4 pg/ml) and fluorescein diacetate (20 pg/ml) for
ml penicillin, 100 pg/ml streptomycin and 2 mmol/10 min at room temperature. Glass slides were
| glutamine (RPMI complete medium) at 37°C in aanalyzed and viewed using a Zeiss fluorescent
humidified atmosphere of 5% G@nd used be- microscope.

tween 3-14 passages. For the experiments,2x10 Evaluation of mycobacteria phagocytosis -
cells/ml/well were dispensed in 24-well microtiterDuplicate wells of THP-1 cells were infected with
plates in the same medium and further incubatd8iCG or M. lepraeas described above and after
with or without mycobacteria (BCG and/M. variable times of incubation, cells were harvested
lepraé or PMA (0.16-160 nM) up to 48 h at 37°Chy centrifugation and washed three times to remove
in a humidified atmosphere of 5% COA frac- extracellular mycobacteria. The percentage of cells
tion of the PMA- or BCG-treated THP-1 cells ad-containing acid-fast organisms was determined by
hered to culture wells and for analysis of the accytospin and Ziehl-Neelsen staining, and a
herent population, glass cover slips were placed minimun of 300 cells in each of duplicate slides
culture wells before cell addition. The number ofvere counted.

adherent cells was estimated by subtracting the TNF-a detection -Supernatants were diluted
number of suspended cells from that of seeded celis. PBS and TNFx levels determined by ELISA

In some experiments, THP-1 cells were first cultiaccording to the manufacturer recommendations
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(Pharmingen, San Diego, CA) using specific pairsut this study and with BCG (bacteria/cell ratio of
of anti-TNFa monoclonal antibodies and humanl:1 and 10:1). As can be seen in the Table, bbth
recombinant TNF& as standard. The detectionleprae and BCG were able to induce TNFin
limit of TNF-a was 250 pg/ml. blood-derived monocytes. TNéFwas detected in
RESULTS culture supernatants as early as 2 h of incubation
and maximum values were generally observed at
BCG but not M. leprae induced TNFsecre- 24 h.
tion in THP-1 cells -The capacity oM. leprae M. leprae inhibited TNFx induced by BCG -
and BCG of eliciting TNFa secretion in THP-1 To determine whetheé¥. lepraesuppressed TNF-
was evaluated using PMA as a positive controly production by THP-1 cells or simply acted as a
After 2, 4, 24 and 48 h of continuous exposure, tr@oor stimulus, mixtures &f. |epraeand BCG were
TNF-a levels in culture supernatants were detelgsed to treat THP-1 cells and the Thfproduc-
mined by ELISA. Light microscopic examinationtion was measured by ELISA. Mixtures contain-
of acid-fast stained cultures treated with a bacteng equal amounts of BCG anM. leprae (both
ria/cell ratio of 10:1 showed that at least 80% ofnycobacteria at bacteria/cell ratio of 10:1) elicited
THP-1 cells containeM. lepraeor BCG after 24  the production of lower levels of TNgFwhen com-
h treatment. Fig. 1 shows that the different stimulyared with BCG alone at ratios of 10:1 or 20:1 (Fig.

evoked distinct kinetics and levels of TNFse-  2) suggesting thadl. lepraeaffects the ability of
cretion in THP-1 cells. While PMA-induced TNF-THP-1 cells to respond to BCG.

a secretion could be observed only after 48 h of
incubation in a dose-dependent manner (Fig. 1a),
BCG-induced TNFa peaked after 2 h of culture,

and was continuously detected up to 48 h (Fig. 1b). TABLE
In contrastM. lepraeinduced no detectable TNF- TNF.o production of human monocytes infected with
a in the conditions examined (Fig. 1b). While BCG BCG andMycobacterium leprae

was able to induce TN&-production even at bac- . )
teria/cell ratio of 1:1, no detectable levels of thissmmlug}1 TNF-a

- ng/ml (£ SD)
cytokine were observed even when cultures were
stimulated withM. lepraeat bacteria/cell ratio of Donor 1 Donor 2
100:1 (data not shown). Experiments performedone 0.64 (+0.20) 0.60 (+ 0.09)
with gamma-irradiated/. lepraeand heat-killed M. leprae 13.20 (+ 1.00) 6.60 (+ 1.56)
BCG gave identical results (data not shown). BCG > 20.00 10.60 (+ 1.20)

To ensure that the lack of detectable levels of yyconacteria was added to cultures at bacteria/cell
TNF-a in M. lepraestimulated THP-1 cultures ratio of 1:1;b: monocytes of two healthy subjects were
were not related to thl. leprae sample used stimulated with BCG oM. leprae Culture supernatants
throughout this work, blood-derived monocytes ofvere harvested at 24 h and TRFeoncentration was
two healthy individuals were stimulated for up todetermined by ELISA. Results are expressed as mean
48 h with the sampl. lepraesample used through SD of duplicates.
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Fig. 1: kinetics of TNFa production by THP-1 cells exposed to PMA (a), BCG (bMgcobacterium lepragb). THP-1 cells
(2x1P/ml) were treated with PMA (0.16-160 nM|. bovisBCG orM. leprae(ratio bacteria/cell of 10:1). Supernatants were
harvested at the indicated times and TdNFevels were determined by ELISA. Data are expressed as mean + S.D. of ELISA
duplicates and are representative of three independent assays.
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) in response tdlycobacterium leprae THP-1 cells (2x19

Fig. 2: effect ofMycobacterium lepra@n TNFa production  m|) were plated and incubated in RPMI complete medium for
of BCG-treated THP-1 cells. THP-1 cells (2%A0l) were 4 h. After this time, THP-1 cells were stimulated with PMA
either eXpOSed thl. bovisBCG (ratiO of 101) pIUM |epl’ae (16 or 160 nM) for more 4 h, then washed and exposw to
(ratio 10:1), toM. lepraealone (ratios of 10:1 and 20:1) or to |eprae (MOI=10) or incubated in medium alone, as in Meth-
BCG alone (ratios of 10:1 and 20:1). Supernatants were hagds. Some cultures were continuously exposed to PMA
vested after 2 h of incubation and ThHevels determined  throughout the experiment as an additional control. Superna-
by ELISA. Data are expressed as mean + S.D. of three indgmts were harvested after 24 h of incubation and GNEv-
pendent experiments carried out in duplicates. els were determined by ELISA. Data are expressed as mean +
S.D. of ELISA duplicates and are representative of two inde-
pendent assays.

THP-1 cells pretreated with PMA were able to
produce TNFe in response to M. lepraeSince cell metabolism could represent a central feature
THP-1 cells represent a relative immature monacef their pathogenesis, these events are poorly un-
cytic cell line (Tsuchiya et al. 1980, Friedland ederstood in mononuclear phagocytes infected with
al. 1992), it was of interest to investigate whethamycobacteria and have only recently received at-
more differentiated THP-1 cells could secrete TNFention by a few investigators (Kusner et al. 1996,
o inresponse thl. leprae Differentiation of THP- Mendez-Samperio et al. 1996, Olivier et al. 1998,
1 cells was induced by exposing cells (2 Xddlls/ Malik et al. 2000). In the present study, we have
ml) to 16 or 160 nM PMA, described as a potenémployed an in vitro model to investigate the early
inducer of differentiation in THP-1 cells (Tsuchiyamolecular events evoked by mycobacteria after
et al. 1982). After an additional 4 h incubationtheir phagocytosis by human monocytes. THP-1
cells were washed and treated withleprae(bac- cells, a human myelomonocytic cell line that lately
teria/cell ratio of 10:1) or incubated with mediumhas been extensively employed in studies of mecha-
alone (control) for 24 h more. Supernatants wengisms of maturation/differentiation from mono-
then collected for TNFEx measurement by ELISA. cytes to macrophages (for review see Hass 1992),
Some cultures were continuously exposed to PM#vere used as host cells. To our knowledge, this is
throughout the experiment as an additional corthe first report describing the challenge of THP-1
trol. Fig. 3 shows that while cultures continuouslycells withM. leprae and its effects were compared
exposed to PMA or thl. lepraeor exposed to PMA  with those provoked by BCG.
for 4 h and then incubated with medium alone se- We investigated TNF production by THP-1
creted either undetectable or low levels of TF- cells challenged witiM. leprag BCG or PMA.
cultures pretreated with PMA and then infectedesides representing a good parameter for mono-
with M. lepraesecreted up to 9 ng/ml of TNde-  cyte activation/differentiation, TNB-is known to
DISCUSSION play a critical roIe' in mycol_)acterial infec;ion, be-
. . ) _ing involved both in protective as well as in patho-
Interaction of bacterial pathogens with theifogical response (Kindler et al. 1989, Lima et al.
host cells triggers signal transduction pathwayspp0). Our data indicate that phagocytosis of ar-
which lead to a variety of cellular responses anghadillo-derivedM. lepraeby THP-1 cells is ac-
ultimately favor their perpetuation in the hostcompanied by undetectable levels of Thise-
Among these responses there is an extensive regfetion under the experimental conditions em-
ganization of the cytoskeleton resulting in morphopjoyed in this study. Conversely, entry of BCG in
logical changes, and the secretion of cytokines infpese cells, even at a very low bacteria-to-cell ra-
the medium. Although this interference in hostip, resulted in appreciable secretion of TNFThe
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induction of TNFe by BCG was not due to LPS tion in mice infected with BCG. It has been dem-
contamination, since the same levels of the cytokinenstrated that local TNE-production is crucial to
were assayed in the presence of polymyxin B (datganuloma formation (Kindler et al. 1989). In this
not shown). The different behavior of THP-1 cellgegard, THP-1 is a relative immature human mono-
after challenge with BCG avl. lepraeis also not cytic cell line, representative of cells involved in
attributed to differences in the extent of mycobacgranuloma formation. The findings of the present
teria uptake: examination of cells by light microsstudy may then suggest that the capacity of young
copy after 24 h of exposure to mycobacteria at monocytes to respond to BCG by TNFsecre-
ratio bacteria/cell of 10:1 revealed the presence tibn would tend to markedly amplify the initial in-
acid fast bacilli in more than 80% of the cellsflammation and creates conditions favoring pro-
Moreover, the inclusion of streptomycin in ourgression of granuloma.

cultures, together with the fact that the use of both In conclusion, the in vitro model herein em-
gamma-irradiated. lepraeand heat-killed BCG ployed allows the detection of differences in cell
gave similar results (data not shown), indicate thametabolism, including cytokine production, trig-
the differences observed were not due to differgered by host-deriveld. lepraeand BCG. These
ences in viability but to intrinsic properties betweemesults are in agreement with previous data that
M. lepraeand BCG. indicate THP-1 as being a useful model to investi-

Next, we examined the effect bf. lepraecon gate the nature of mycobacteria/monocyte inter-
TNF-a secretion using primary human monocytesctions (Stokes & Doxsee 1999). The use of THP-
instead of THP-1 as host cells. In accordance withas host cells have two advantages over the use of
other findings (Santos et al. 1993, Suzuki et ablood-derived monocytes in that (1) the variabil-
1993, Lima et al. 2000), exposure of these cells tity between donors commonly encountered with
M. lepraeinduced TNFa secretion. Moreover, primary cells is avoided; and (2) large numbers of
pretreatment of THP-1 cells with PMA, a wellcells can be readily cultivated. Our data suggest
known inducer of differentiation, led these cells tahat THP-1 cells can be useful for a better under-
produce TNFa in response td/l. leprae There- standing of early signal transduction pathways in-
fore, the incapacity df1. lepraeto induce detect- volved in the host response against vaccine versus
able levels of TNF& was inherent to THP-1 cells pathogenic species of mycobacteria.
and can perhaps related to the fact that they can be REFERENCES
considered immature monocytes.
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