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Mycobacteria, specialliMlycobacterium tuberculosere among the micro-organisms that are in-
creasing dramatically the number of infections with death, all over the world. A great number of animal
experimental models have been proposed to investigate the mechanisms involved in the host respon:
against these intracellular parasites. Studies of airway infection in guinea-pigs and rabbits, as well as,
in mice intravenously infected with BCG have made an important contribution to our understanding of
the virulence, pathogenesis and the immunology of mycobacterial infections. Although, there are few
models to study the mechanisms of the initial inflammatory process induced by the first contact with the
Mycobacteria, and the relevance of the acute generation of inflammatory mediators, cytokines and
leukocyte infiltration to the development of the mycobacterial infection. In this work we reviewed our
results obtained with a model bf. bovis BCG-induced pleurisy in mice, describing the mechanisms
involved in the leukocyte influx induced by BCG at 24 hr. Different mechanisms appear to be related
with the influx of neutrophils, eosinophils and mononuclear cells and distinct inflammatory mediators,
cytokines and adhesion molecules are involved in the BCG-induced cell accumulation.
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Over a century ago, Robert Koch identifiedof these micro-organisms. (Fenton & Vermeulen
Mycobacterium tuberculosas the causative agent1996).
of tuberculosis in humans. He was the first to realise  Tuberculosis infection is caused By tuber-
that the efficacy of his early therapies with solubleulosis M. bovisor M. africanum Because of its
extracts oM. tuberculosislepended largely on the close phylogenetic and pathogenic relationship,
patient’s immune-cell response. they were grouped as the tuberculosicomplex
Mycobacteria, speciallyl. tuberculosisare (MTC) and are considered to be interchangeable
among the micro-organisms that are increasing dras etiologic agents of human and animal tubercu-
matically the number of infections with death, alllosis (Griffin et al. 1995).
over the world (Chrétien 1995). While tuberculosis represents nowadays the
Mycobacteria are small, aerobic, gram-positivemost threatening disease caused by intracellular
acid-fast, nonmotile and nonspore-forming bacillibacteria, our understanding of the cellular and
They consist of a large group including pathogenienolecular interactions between mycobacteria and
non-pathogenic, and saprophytic species that comest cells is far from complete.
monly are of environmental origin (Hines 11 1995).  The initial events during a primary pulmonary
Characteristically, mycobacteria presents a conirfection with MTC are poorly understanding and
plex cell wall associated to the membrane. The cadliere are few models to evaluate the sequence of
wall structure and composition (Fig. 1) is relate@vents that follows the first contact of the host with
to the ability of the intracellular parasitic specieshe mycobacteria.
of mycobacteria to survive in the hostile environ- In this article, we review the current state of
ment of the phagossome of macrophages, as wahlderstanding of the early events that happen dur-
as with the cytotoxic and immunological effectang the primary contact with mycobacteria.

ANIMAL MODELS

_ Studies with laboratory animals (guinea-pigs
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Fig. 1: theMycobacterium tuberculostell wall. Adapted from the structure proposed by Fenton and Vermeulen ( 1996).

1989). Although studies in guinea-pig and rabbit Neutrophils are the predominant leukocytes to
have made an important contribution to our un@/ive at sites of acute inflammation, capable of
derstanding of the virulence and pathogenesis ggfending the host against bacterial infections.
tuberculosis, they have limited use for the study dieutrophils accumulation is also intimately asso-

the protective immune response (Dannembergjated with oedema formation and the recruitment
1991, Griffin et al. 1995). of other phagocytic leukocytes such as monocytes

Since 1970, mice have largely replaced guineél\lqurshargh 1.993). The neutrophil influx i.ndluced
pigs and rabbits as the animal model to study tH¥ -t BCG is in accordance to the description of
immunology of mycobacterial infections. Most of'€utrophil migration to peritoneal cavity of rab-
the studies on the role of macrophages and monpifs inoculated with BCG (Appelberg 1992) and
cytes and its interaction with T cells were done if® rabbit pleural cavity after BCG instillation
mice intravenously infected with BCG (Kaufmann(A”tO”y et al. 1985). Furthermore, neutrophils are

1993). described in pleural exudate of tuberculosis patients
(Montgomery & Lemon 1933).
THE EARLY EVENTS Eosinophils are also capable of phagocyte and

The initial events during a primary pulmonarykilling bacteriain vitro, and have a specialised role
infection with MTC are poorly understood andin the inflammatory process involved in protec-
there are few models to evaluate the sequencetd¥e responses against helmintic parasites
events that follow the first contact of the host wit{Nourshargh 1993). Furthermore has been recently
the mycobacteria. We have recently described tiigported that eosinophils accumulate in pleural
experimental model of mouse pleurisy induced bgavity after injection of endotoxin (Bozza et al.
M. bovisBCG. We used the pleural cavity of thel993) suggesting an involvement of these cells in
mouse because is a straightforward and well-epulmonary inflammation induced by bacterial
tablished model (Henriques et al. 1990, 1996roducts. On the other hand, eosinophil accumu-
Bozza et al. 1994). lation induced by mycobacteria is poorly described.

The injection oM. bovisBCG into mouse pleu- Although eosinophilia is observed sometimes in
ral cavity induces an intense biphasic inflammabroncoalveolar lavage of tuberculosis patients
tory reaction that peaks at 24 hr and 15 days. At@jijayan et al. 1992, Nakamura et al. 1993), eosi-
hr occurs an influx of neutrophils that is maximahophil accumulation induced By. tuberculosis
at 24 hr. At this time it is also observed an intenser M. bovisBCG in animal experimental models
influx of eosinophils and mononuclear cells. An-has not been described so far. However, Castro et
other leukocyte influx is observed at 15 days con@l. (1991) have described thist aviumor M.
posed by mononuclear cells and some neutrophignegmatisire able to induce eosinophil accumu-
(Menezes-de-Lima-Junior et al. 1997). lation in mouse air pouch.
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We have analysed the inflammatory mediatorseems to have a more important effect on neutro-
and cytokine involved in eosinophil accumulatiorphil migration (Menezes-de-Lima-Junior et al.
induced by BCG comparing with those involvedl997). It was recently demonstrated that TéF-
in neutrophil accumulation (Fig. 3). Lipoxygenaseproduced by macrophages in response to PPD (the
products, PAF-acether and interleukin-5 seem teoluble antigen released frdvh tuberculosi¥can
be involved in eosinophil accumulation (Menezesregulate NO production by these cells (Saito &
de Lima-Janior et al. 1996, 1997). Nakano 1996). This regulation between NO and

PAF and LTB4 can activate both neutrophilSTNF-a can be a putative mechanism that is modu-
and eosinophils and are able to indimc@voeosi-  lating the neutrophil migration induced by BCG in
nophil and neutrophil accumulation in differentmouse pleural cavity.
models (Wardlaw et al. 1986, Czarnetzki & Csat
1989, Martins et al. 1989, Silva et al. 1991). TthOLV_EMENT OF ADHESIONMOLECULES
participation of lipid mediators (PAF and Animportant early event in the recruitment of
leukotrienes) and cytokines such as IL-8, TNF, ILleukocytes from the microcirculation to tissues is
1 and GM-CSF in neutroph” accumulation to in_theil' interaction with vascular endothelial cells.
ﬂammatory focus It is well known (NoursharghVitrO andin vivo studies have Suggested that this
1993). However our results show that PAF an@rocess involves a sequence of discrete events in-
derivative products from cyclo and lipoxygenase&olving different families of cell adhesion mol-
are not involved in neutrophil influx at 24 hr afterecules (Springer 1994). In the initial phase, leuko-
BCG i.t.. It is noteworthy that neutrophil influx cytes marginates to the wall of postcapillary
presented 4 hr after BCG is inhibited by the PAwenules and roll along the endothelial cells and this
antagonist WEB 2170, suggesting a differentigprocess is mediated by the selectin family of adhe-
mechanism of neutrophil migration at 4 and 24 hgion molecules (Ley et al. 1995). Then, leukocytes
after BCG-induced p|eurisy (Menezes-de-LimamUSt flrmly adhere to the vessel wall to migrate to
Junior et al. 1997). the site of tissue irritation, a step mediated by an-

At 24 hr, only dexamethasone or L-NAME other family of adhesion molecules the integrins
were able to inhibit the neutrophil accumulatiorlFig. 2). The role of adhesion molecules during
as well as eosinophil influx (Menezes-de-Limanycobacterial infection is not clear. We have in-
Junior et al. 1997). The participation of NO in leuvestigated the role of integrins and L-selectin in
kocyte chemotaxiin vitro has been investigated acute cell migration induced by i.t. BCG (Fig. 3).
(Kaplan et al. 1989, Belenky et al. 1993) althougfhe leukocyte integrin, CD11b/CD18 complex
a fewin vivo studies have been performed withseems to have arole in neutrophil and mononuclear
eosinophil (Teixeira et al. 1993, Ferreira et al¢ell accumulation. Moreover the integrins CD11b/
1996) The sources of NO are probab|y the ma&D18 and VLA-4, seemed to not be related with
rophages from the pleural cavity. It is known thagosinophils migration whereas L-selectin appears
mouse p|eura| macrophages can phagow_te to.be rgsp_onS|bIe for the neutrophll .and eosmophll
bovisBCG in vitro (Zlotnik & Crowde 1982). It Migration induced by BCG (unpublished results).
was also described that peritoneal macrophagd$e role of CD11b/CD18 and L-selectin in neu-
from M. bovisBCG-infected mice produces nitric trophil migration is well demonstratéulvivowith
oxide (Saito & Nakano 1996). We have also denpther inflammatory agents (Rossi & Hellewell
onstrated that pleural macrophages from mice i-994). _ _ .
jected i.t. with BCG, produces significant levels However, the adhesion receptors involved in
of NO in contrast to resident macrophage§0sinophil recruitment at inflammatiamvivoare
(Werneck-Barroso et al. 1996) less clearly understood. Blocking either CD18 or

The treatment with a neutralising monoclonal CAM-1 has been shown to reduce eosinophil ac-
antibody (mAb) anti-TNFa has indicated that this cumulationin vivo(Wegner et al. 1990, Teixeira et
cytokine is involved in neutrophil but not eosino-al- 1994). In addition, blocking VLA-# vivohas
phil migration induced by BCG pleurisy (Menezesbeen shown to reduce eosinophil accumulation in
de-Lima-Janior et al. 1997). A number of cytokine$ome but not all models (Teixeira et al. 1995). Our
can regulate the accumulation and activation desults showed that neither the mAb anti- CD11b/
neutrophils and eosinophils. TNF acts on endofD18 nor the anti-VLA-4 were able to inhibit eosi-
helial cells to enhance their interaction with neunophil accumulation induced by BCG. One possi-
trophils and eosinophils. The dose-response relility is that both integrins should be simulta-
tionship and kinetics of TNF-stimulated endotheneously blocked to inhibit eosinophil migration as
lial cell adhesiveness for neutrophils is similar tdt is observed in lung eosinophilia induced by
that for eosinophils (Nourshargh 1993). HoweverSephadex (Das et al. 1995). Another possibility is
in our results with BCG induced-pleurisy, TNf-  the participation ofi, 3, or a3, integrin, both de-
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Fig. 3: inflammatory mediators, cytokines and adhesion molecules involved in the leukocyte accumulation induced by BCG in
mouse pleural cavity.

scribed to be expressed in eosinophil surfaagsy model have confirmed a role for L-selectin in
(Teixeira et al. 1995, Lobb et al. 1996). A recengosinophil influx induced by bacterial agents.
study in a xenogeneic mesentery model has dem- Taken together, our results have shown that
onstrated that the rolling of human eosinophil imouse pleurisy induced by BCG is a useful model
IL-1B-treated rabbit mesenteric venules is reduceth study the inflammatory reaction that occurs dur-
in approximately 40% by anti-L-selectin mAbsing the primary infection with mycobacteria. This
(Sriramarao et al. 1994). However a role fomodel should be helpful to improve our under-
selectins in mediating eosinophil migration to sitestanding of the role of leukocytes and cytokines in
of inflammationin vivo has only been recently the delicate balance between strategies used by
demonstrated in LPS mouse pleurisy modaWlycobacteriato survive within a host and con-
(Henriques et al. 1996). Our results in BCG pleueomitant efforts of the host to kill it.
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