
Evaluation of bronchoalveolar cells in pulmonary
paracoccidioidomycosis

M.C. Fornazim*, A. Balthazar#, R. Quagliato Jr#, R.L. Mamoni*, C. Garcia*, M.H.S.L. Blotta*

Evaluation of bronchoalveolar cells in pulmonary paracoccidioidomycosis. M.C. Fornazim,
A. Balthazar, R. Quagliato Jr, R.L. Mamoni, C. Garcia, M.H.S.L. Blotta. #ERS
Journals Ltd 2003.
ABSTRACT: To investigate the local immune response, the cellular infiltrate and
cytokine levels were analysed in bronchoalveolar lavage (BAL) from patients with
pulmonary paracoccidioidomycosis. The group consisted of 19 patients aged 34–65 yrs.
The diagnosis was confirmed by demonstration of the fungus in the sputum or BAL fluid
and by serological tests.

Cytospin preparations showed an increased number of lymphocytes and neutrophils in
BAL. A higher number of CD8z lymphocytes were observed in BAL compared with
peripheral blood. Alveolar macrophages (AM) expressed approximately three-fold
more major histocompatibility class II, intercellular adhesion molecule-1 and B7-2
molecules on their surfaces than their circulating counterparts, indicating that they had
differentiated into activated macrophages inside the lungs.

Cultured AM produced higher levels of interleukin (IL)-6, tumour necrosis factor
(TNF)-a and macrophage inflammatory protein (MIP)-1a than peripheral blood
monocytes. BAL fluid contained low but detectable amounts of IL-6, TNF-a and MIP-
1a, and specific antibodies to Paracoccidioides brasiliensis, mainly of the immunoglo-
bulin G2 isotype.

As macrophage inflammatory protein-1a was shown to selectively attract CD8z T-
cells and this population was elevated in bronchoalveolar lavage, the data suggest that,
besides macrophages, CD8zT-cells may have an important role in the pathogenesis of
pulmonary paracoccidioidomycosis.
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Paracoccidioidomycosis (PCM) is a systemic mycosis caused
by the dimorphic fungus Paracoccidioides brasiliensis. The dis-
ease involves the lungs, mononuclear-phagocytic system and
mucocutaneous areas. The infection is caused by inhalation of
airborne propagules of the mycelial phase of the fungus,
which reach the lungs, eventually evade the host defences and
disseminate via the bloodstream and/or lymphatics to virtually
all parts of the body [1, 2]. The mycosis occurs more fre-
quently in males (80%), most of them farm workers. Two
main clinical forms of the disease are observed, the acute
(juvenile) form and the chronic (adult) form. Approximately
90% of the patients with the adult form present pulmonary
involvement [3]. The symptoms are nonspecific and include
cough, expectoration, shortness of breath, weight loss, fever
and anorexia. It has been shown that phagocytes have an import-
ant defence role in the natural resistance to P. brasiliensis.
Inhaled conidia are phagocytosed by alveolar macrophages
(AM) that are responsible for antigen presentation to T-cells
and for secreting active substances [4]. Recently, a number of
cell surface molecules involved in cell adhesion, costimula-
tion, motility and migration have been recognised [5, 6].
Cytokines and chemokines have been implicated in the
pathophysiology and development of pulmonary diseases,
such as tuberculosis and sarcoidosis. Macrophage inflamma-
tory protein (MIP)-1a is a C-C chemokine induced during
inflammation by AM, CD8zT-cells, cd T-cells, natural killer
(NK) cells and lung epithelium [7]. MIP-1a is related to the
expression of adhesion molecules and the migration of

inflammatory cells to the lung. Increased levels of interleukin
(IL)-8, MIP-1a and tumour necrosis factor (TNF)-a are
detected in the supernatants of bronchoalveolar cells from
patients with sarcoidosis [8, 9].

Bronchoalveolar lavage (BAL) represents a valuable clinical
laboratory tool for the study of the pathogenesis of pulmo-
nary diseases, and comparison with peripheral blood (PB)
permits the identification of selectively recruited leukocyte
subsets and the assessment of the influence of the inflammatory
microenvironment on their state of activation/differentiation.
In this study, the cell populations and cytokine production by
AM in comparison with peripheral blood mononuclear cells
(PBMC) were investigated. The data reported here suggest the
involvement of inflammatory cytokines and MIP-1a in the
local accumulation and activation of cells in the lungs of
patients with PCM.

Materials and methods

Patients

The group consisted of 19 patients (16 males and three females)
ranging in age from 34–65 yrs. Diagnosis was confirmed by
demonstration of fungus in the sputum, BAL fluid, or biopsy,
in addition to serological tests. Tobacco smoking and alcoholism
were associated with the disease in almost all cases. The chest
radiograph revealed bilateral and diffuse pulmonary infiltrates.
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The patients were not receiving treatment by the time of the
study.

Bronchoalveolar lavage

Bronchoscopy with BAL were performed as described pre-
viously [10]. Lavage was performed using 150–200 mL of
saline solution in 25-mL aliquots with immediate vacuum
aspiration of each aliquot. The fluid was filtered through
sterile gauze into 50-mL conical tubes. The tubes were centri-
fuged at 4006g for 10 min at 4uC and the pellets were
resuspended in Roswell Park Memorial Institute (RPMI)-
1640 medium (Sigma Chemical Co., St Louis, MO, USA),
followed by Ficoll-Hypaque (Sigma Chemical Co.) gradient
separation, as described previously [11, 12]. The resultant
supernatant was concentrated 10-fold on a 10,000 molecular
weight cut-off filter (Amicon, Beverley, MA, USA) under
nitrogen. The concentrated supernatant was then divided into
200-mL aliquots and rapidly frozen at -80uC.

Bronchoalveolar lavage cells analysis

AM, lymphocytes, neutrophils and eosinophils were dif-
ferentially counted in a total of 300 cells according to
morphological criteria, in cytocentrifuged smears stained with
Wright-Giemsa.

Preparation of peripheral blood mononuclear cells

PBMC were isolated from heparinised venous blood by
density centrifugation over Ficoll-Hypaque [11, 12]. After
washing three times with phosphate-buffered solution, the mono-
nuclear cells were resuspended (26106 cells?mL-1) in RPMI-
1640 supplemented with 10% AB serum, 2% L-glutamine and
antibiotics.

Cell cultures

BAL cells and PBMC were separately incubated for 90 min
in a 5% CO2-humidified atmosphere at 37uC. The nonadher-
ent cells were gently removed. The adherent cells (AM and
blood monocytes) were cultivated in 24-well plates over a
period of 18 h in the presence (or absence) of lipopolysac-
charide (LPS; 10 mg?mL-1; Sigma Chemical Co.). At the end
of the culture period, the supernatants were harvested and
immediately frozen at -80uC. The cytokine (TNF-a, IL-6,
IL-8, IL-10, IL-12p40 and MIP-1a) levels in the cell culture
supernatants and BAL fluid were measured by in-house
enzyme-linked immunosorbent assays using antibodies from
R&D Systems (Minneapolis, MN, USA).

Flow cytometry analysis of bronchoalveolar lavage cells
and peripheral blood mononuclear cells

The commercially available unconjugated monoclonal
antibodies (anti-CD4, anti-CD8, anti-CD11b, anti-CD54,
anti-human leukocyte antigen (HLA) class II, anti-B7-2)
from PharMingen (Heidelberg, Germany) were used. The
frequency of BAL cells and PBMC positive for the above
reagents was determined by flow cytometry. Fluorescein
isothiocyanate anti-mouse immunoglobulin (Ig)G (Sigma
Chemical Co.) represented the second-step reagents. Isotype-
matched mouse monoclonal antibodies were used to set the

negative control (IgG1, IgG2a, IgG2b; Sigma Chemical Co.).
To eliminate nonspecific binding, the cells were initially
incubated with heat-inactivated human AB serum. Cells were
scored using a fluorescence-activated cell sorter scan analyser
(Becton Dickinson, Mountain View, CA, USA) and the data
were processed using the Macintosh Cell Quest software
program (Becton Dickinson).

Statistical analyses

Data are presented as mean¡SEM unless otherwise stated.
Group data were compared using the unpaired two-tailed
t-test for data that were normally distributed. Data that were
not normally distributed were compared using the nonparametric
Mann-Whitney U-test. pv0.05 was considered significant.

Results

Cytospin analysis showed elevated number of lymphocytes
(18.8¡4.2%) and neutrophils (5¡1.3%) in BAL from patients
with pulmonary PCM compared with standard reference
values for healthy subjects [10, 11, 13]. In these individuals the
proportion of CD8z T-cells in BAL was higher than in PB
(fig. 1), resulting in a decreased CD4/CD8 ratio (BAL
0.88¡0.3 and PB 1.61¡0.9).

Flow cytometric studies were performed to identify surface
markers in AM and PBMC. The proportion of cells express-
ing major histocompatibility complex (MHC) class II, B7-2,
and intercellular adhesion molecule (ICAM)-1 molecules in
BAL did not differ significantly from those in PB (fig. 2a).
Considering the fluorescence intensity, however, AM expressed
approximately three-fold more MHC class II, ICAM-1 and
B7-2 on their surfaces than their circulating counterparts,
indicating that they had differentiated into AM inside the
lungs. Conversely, PBMC expressed approximately two-fold
more CD11b than AM.

To evaluate the in vitro production of cytokines, cell-free
supernatants were obtained from AM or PBMC short-term
cultures and tested for the presence of IL-6, TNF-a, MIP-1a,
IL-12p40 and IL-8. The early time point (18 h) was chosen to
permit the analysis of cytokines that were being actively
expressed in vivo (media condition) and to reveal the cytokine
profile of cells that were previously activated and differen-
tiated in vivo in response to infection with P. brasiliensis.
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Fig. 1. – Per cent of CD4z (#) and CD8z ($) T-cells in bronchoal-
veolar lavage (BAL) and peripheral blood (PB) of patients with
pulmonary paracoccidioidomycosis. Horizontal lines indicate mean
values. #: p=0.0001 BAL CD8z versus PB CD8z.
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Markedly elevated levels of MIP-1a were found in BAL fluid
and AM supernatants compared with PBMC supernatants.
Moreover, AM also produced more IL-6 and TNF-a than did
PBMC (fig. 3). Stimulation with LPS resulted in significant
increases of MIP-1a, TNF-a and IL-6 concentration in
cultures of both AM and PBMC (data not shown).

The spontaneous production of IL-12p40 was low and not
significantly different between BAL and PBMC cultures, but
after stimulation with LPS, this production was higher in AM
(fig. 4). AM and PBM spontaneously produced high amounts
of IL-8 (3,051¡501 versus 3,015¡573 pg?mL-1, respectively)
and stimulation with LPS resulted in a small increase (data
not shown).

BAL fluid from PCM patients contained low but detectable
levels of IL-6, TNF-a and MIP-1a, and specific antibodies to
P. brasiliensis, mainly of the IgG2 isotype (data not shown).

Discussion

The analysis of BAL cells of patients with pulmonary PCM
showed an increased number of lymphocytes and neutrophils.
BOSCARDIN et al. [13] also described a neutrophilic alveolitis
in six patients with PCM. However, an important fact to be
taken into consideration is that, in both studies, the majority
of the patients were smokers, and the correlation between
smoking and neutrophil influx into the lungs is well known
[14]. Conversely, the impressive increase in lymphocyte

number, also observed by CARVALHO et al. [15] in BAL of
patients with PCM is probably a result of the fungal infection
itself.

AM are believed to be important in the initial containment
of the microorganisms through nonspecific or natural immune
mechanisms. AM also phagocytose particles and microbial
organisms and carry them via lymphatics to regional hilar
lymph nodes, where specific immune responses are believed to
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Fig. 2. – Flow cytometric analysis of surface markers of alveolar
macrophages (h) and peripheral blood monocytes (u) from patients
with pulmonary paracoccidioidomycosis. a) Shows the percentage
of positive cells, and b) shows mean fluorescence intensity (MFI).
Values are expressed as mean¡SEM. HLA: human leukocyte antigen;
ICAM: intercellular adhesion molecule. *: pv0.05 versus alveolar
macrophages.
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Fig. 3. – Cytokine production by alveolar macrophages (h) and
peripheral blood monocytes (u) from patients with pulmonary
paracoccidioidomycosis. Values are expressed as mean¡SEM. IL:
interleukin; TNF: tumour necrosis factor; MIP: macrophage inflam-
matory protein. *: pv0.05 versus alveolar macrophages.
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Fig. 4. – Interleukin (IL)-12p40 production by alveolar macrophages
(AM) and peripheral blood monocytes (PBM) from patients with
pulmonary paracoccidioidomycosis, cultured in medium alone or with
lipopolysaccharide (LPS). Each line represents one patient. *: pv0.05.
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be generated. Thus, AM may be involved in specific immune
responses to P. brasiliensis both as accessory cells and as
targets of cytotoxic T-lymphocytes in the regional lymph
nodes. The expression of HLA class II, B7-2 and ICAM-1 in
AM is indicative of a preserved and active macrophage
function in patients with PCM. ICAM-1 (CD54) plays an
important role in the extravasation of leukocytes and in other
cellular functions, such as cytotoxicity, phagocytosis, chemo-
taxis and induction of lymphocyte proliferation. The activa-
tion molecule MHC class II as well as B7-2 is essential for the
macrophage antigen-presenting cell function.

The expression of activation, costimulatory and adhesion
molecules is directly influenced by the cytokines present in the
milieu where the inflammatory response takes place. In this
report, the authors were able to demonstrate that cultured
AM spontaneously produced higher levels of IL-6, TNF-a,
and MIP-1a compared with PBMC. BAL fluid from PCM
patients also contained detectable levels of IL-6, TNF-a and
MIP-1a. In a previous paper, the detection of IL-6, TNF-a
and MIP-1a was reported in serum from patients with PCM
[16]. TNF-a has been shown to be a critical mediator of innate
immunity against several respiratory pathogens. Its activities
include stimulation of neutrophils for enhanced protein
release and respiratory burst, and enhancement of their
phagocytic and killing activity. TNF-a is also required for
macrophage accumulation and differentiation into epithelioid
cells and for the persistence of well-formed granulomas [17], a
common finding in lung biopsies from patients with pulmonary
PCM. In human [18] and murine [19–21] PCM, the protective
role of TNF-a and interferon (IFN)-c was associated with an
efficient macrophage response to the infection.

IL-12 is a critical cytokine that stimulates IFN-c produc-
tion and proliferation of activated T-cells and NK cells.
Enhanced production of IL-12 by lung macrophages was
demonstrated in sarcoidosis [22]. It was found that AM from
patients with PCM are able to produce more IL-12 than
PBMC, indicating a local immune response to the fungus in
the lungs.

Lymphocytes are the other major immune effector cells
found in the lung alveoli. Trafficking of these lymphocytes
also occurs between hilar lymph nodes and alveolar spaces.
MIP-1a is a C-C chemokine induced by AM, T-cells, NK cells
and lung epithelium during inflammation. MIP-1a was shown
to promote chemotaxis of lymphocytes selectively recruiting
CD8z T-cells [23–25]. The reported finding of an increased
number of CD8z in PCM BAL supports the notion that
MIP-1a is important in attracting and stimulating this
subpopulation. A protective role for CD8z T-cells has been
suggested in experimental PCM since its depletion induces a
more severe and/or disseminated disease in both resistant and
susceptible mice [26]. Cytotoxic CD8z T-cells represent a
major defence against intracellular pathogens by the produc-
tion of IFN-c and cytolytic activity, and may be involved in
the clearance of P. brasiliensis cells. Recently, a great deal of
attention has been dedicated to the role of CD8z T-cells in
tuberculosis, particularly with regard to protective immunity
[27, 28]. Clinical studies have shown that significantly lower
percentages of BAL CD3zCD8zT-lymphocytes were detected
in patients with far-advanced pulmonary involvement com-
pared with those with minimal pulmonary involvement [29].
These data suggest that, in addition to CD4z T-cells, CD8z
T-cells may have an important role in the outcome of pulmo-
nary tuberculosis. In experimental cryptococcosis, it was
demonstrated that CD8z T-cells are required for maximal
recruitment of CD4z T-cells into the lungs and IFN-c
production, which play a role in macrophage activation and
development of protective T-helper cell-type 1 CD4zT-cells [30].

To conclude, these findings suggest that alveolar macro-
phages are activated within the proinflammatory environment

created by the fungus in the lungs of patients with para-
coccidioidomycosis. This activation is demonstrated by the
elevated expression of adhesion and costimulatory molecules
as well as by the ex vivo production of interleukin-6, tumour
necrosis factor-a and macrophage inflammatory protein-1a.
The high detection of macrophage inflammatory protein-1a in
bronchoalveolar lavage fluid and alveolar macrophage super-
natants indicates a potential role of this chemokine in regulat-
ing the migration and activation of inflammatory cells,
including CD8z T-cells, toward sites of the Paracoccidioides
brasiliensis inflammatory process. The confirmation of a
protective role of CD8z T-cells and macrophage inflamma-
tory protein-1a in pulmonary paracoccidioidomycosis would
provide means to explore this component of the immune system
in order to improve conventional therapy with antifungals,
and perhaps lead to the production of preventive and
therapeutic vaccines.
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