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Using a pulmonary model of infection, we demonstrated previously that A/Sn and B10.A mice are, respec-
tively, resistant and susceptible to Paracoccidioides brasiliensis infection. Employing the same experimental
model, we examined herein the role of CD81 T cells in the course of paracoccidioidomycosis. Treatment with
anti-CD8 monoclonal antibodies caused a selective depletion of pulmonary and splenic CD81 T cells in both
mouse strains. The number of pulmonary CD41 T cells and immunoglobulin-positive cells was independent of
the number of CD81 T cells. In susceptible mice, the loss of CD81 T cells by in vivo treatment with anti-CD8
monoclonal antibodies impaired the clearance of yeasts from the lungs and increased the fungal dissemination
to the liver and spleen. The same treatment in resistant mice increased fungal dissemination to extrapulmo-
nary tissues but did not alter the pulmonary fungal load. Furthermore, CD81 T-cell depletion did not modify
delayed-type hypersensitivity reactions of A/Sn mice but increased these reactions in B10.A mice. The produc-
tion of P. brasiliensis-specific antibodies by resistant and susceptible mice depleted of CD81 T cells was similar
to that of mice given control antibody. Histopathologically, depletion of CD81 T cells did not disorganize the
focal granulomatous lesions developed by both mouse strains. These results indicate that CD81 T cells are
necessary for optimal clearance of the fungus from tissues of mice infected with P. brasiliensis and demonstrate
more prominent protective activity by those cells in the immune responses mounted by susceptible animals.

Paracoccidioidomycosis (PCM), caused by Paracoccidioides
brasiliensis, a thermally dimorphic fungus, is the major systemic
mycosis caused by a frank pathogen in Latin America (4, 35).
The infection is usually acquired by the respiratory route, prob-
ably by inhalation of airborne propagules (25, 35). Most in-
fected subjects develop an asymptomatic pulmonary infection,
which indicates that they are resistant hosts. However, some
individuals are susceptible to this fungal agent and develop
overt PCM. The disease presents a wide gamut of clinical and
pathological manifestations, ranging from benign and localized
forms to severe disseminated disease (4, 27). In most cases, the
disease involves the lungs primarily and then disseminates to
other organs and systems.

Experimental (14, 36) and clinical (10, 30, 31, 33) investiga-
tions have indicated the relevance of humoral and/or cellular
immune responses in the pathogenesis and evolution of PCM.
Specific cell-mediated immune responses seem to play an im-
portant role in resistance to P. brasiliensis. Patients with sys-
temic PCM tend to show depressed cellular immune responses
compared to those with localized disease (31, 33); also, the
most severe forms of infection are associated with high levels
of specific antibodies (reviewed in reference 10).

Using a murine model of intraperitoneally (i.p.) induced
PCM, we observed significant differences in susceptibility
among inbred strains: A/Sn mice were found to be the most
resistant, while B10.A animals were the most susceptible, to
P. brasiliensis infection (8, 9, 36). More recently, using the in-

tratracheal (i.t.) route of infection, we developed a pulmonary
PCM model with the same inbred mouse strains and verified
that A/Sn and B10.A mice maintain the same resistance pat-
terns as those observed with the i.p. route of infection (12).
These studies demonstrated that A/Sn mice develop a chronic
benign pulmonary-restricted PCM associated with low mortal-
ity rates, the presence of positive and persistent delayed-type
hypersensitivity (DTH) reactions, and production of high
levels of specific antibodies in which immunoglobulin G2a
(IgG2a) and IgG3 isotypes are higher than those observed
in susceptible mice. In contrast, B10.A mice develop a pro-
gressive disseminated disease resulting in high mortality
rates, discrete DTH reactions, and production of an IgG2b
isotype at levels higher than those observed in the resistant
strain.

Studies using athymic BALB/c mice (nu/nu) and their het-
erozygous counterparts (nu/1), which are phenotypically nor-
mal, revealed that susceptibility to P. brasiliensis infection is
exacerbated in athymic animals (6). This demonstrates that the
integrity of the cellular immune response is fundamental to the
establishment of resistance mechanisms to P. brasiliensis infec-
tion. However, the contributions of the different components
of the T-cell response are unclear.

Various studies have shown that the role of CD81 T cells in
the immune response may be protective (15, 19, 32), suppres-
sive (34), or just innocuous (1), depending both on the infect-
ing organism and on the genetic characteristics of the host. To
our knowledge, the role of CD81 T cells in resistance against
P. brasiliensis pulmonary infection has never been investigated.
Thus, we have undertaken a series of studies of CD81 T-cell-
depleted A/Sn and B10.A mice, investigating their responses to
i.t. infection. In particular, we have characterized the T- and
B-cell subpopulations in the spleen and lung of infected and
CD81 T-cell-depleted animals and investigated the progres-
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sion of pulmonary and extrapulmonary infections, the specific
DTH reactions, the specific humoral responses, and the histo-
pathology of pulmonary lesions at weeks 4 and 8 postinfection.
The data obtained demonstrate that, irrespective of the mouse
strain, CD81 T cells are involved in clearance of fungal cells
and in control of dissemination to extrapulmonary tissues.
These cells also seem to play a role in suppressing DTH reac-
tions in susceptible mice but show a negligible effect on the
pattern of pulmonary lesions, as well as the production of
specific antibody, by both resistant and susceptible mice.

MATERIALS AND METHODS

Animals. Unless otherwise stated, groups of 8 to 10 male mice (8 to 11 weeks
old) from the susceptible (B10.A) and resistant (A/Sn) strains were used for each
period of infection. All animals were bred at the University of São Paulo animal
facilities and provided with acidified water and sterilized food and bedding.

Fungus. P. brasiliensis Pb18, a highly virulent isolate (21), was used throughout
this investigation. To ensure the maintenance of its virulence, the isolate was
used after three animal passages (22). Pb18 yeast cells were then maintained by
weekly subcultivation in semisolid Fava Netto’s culture medium (16) at 35°C and
used on day 7 after culture. The yeast cells were washed in phosphate-buffered
saline (PBS) (pH 7.2) and adjusted to 20 3 106 cells/ml based on hemacytometer
counts. Viability was determined with Janus green B vital dye (3) (Merck,
Darmstadt, Germany) and was always higher than 80%.

P. brasiliensis infection. Mice were anesthetized and submitted to i.t. P. bra-
siliensis infection, as previously described (12). Briefly, after i.p. anesthesia the
animals were infected with 106 P. brasiliensis Pb18 yeast cells, contained in 50 ml
of PBS, by surgical i.t. inoculation that allowed dispensing of the fungal cells
directly into the lungs. The skin was then sutured and the mice were allowed to
recover under a heat lamp.

In vivo depletion of CD81 T cells. H-35 hybridoma cells secreting rat IgG1
anti-Lyt-2 monoclonal antibody (MAb) (murine CD8) were used in this study.
These cells were grown as ascites in pristane (Sigma Chemical Co., St. Louis,
Mo.)-primed, sublethally irradiated (550 rads) BALB/c mice. The H-35 antibod-
ies were purified from ascites as described elsewhere (26) and assessed for purity
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Groups of B10.A
and A/Sn mice were given 150 mg of H-35 MAb or normal rat IgG (controls) by
the i.p. route at 1 day before infection with P. brasiliensis cells (day 21) and 100
mg of H-35 MAb or rat IgG weekly for 8 weeks thereafter. Infected, noninfected,
and nondepleted mice were all used as controls.

Cell preparation. Spleen and lung lymphocyte cell suspensions were prepared
as previously described (19). Spleen cells were removed and homogenized in
RPMI to obtain a single cell suspension. Erythrocytes were lysed before washing
of cells for staining. Lung-infiltrating lymphocytes were obtained from individual
mice after bronchoalveolar lavage by repeated injections of 1 ml of sterile PBS
(final volume, 3 ml). Lungs were then removed, minced, and digested for 60 min
in digestion buffer (RPMI, 10% fetal calf serum, antibiotics, and 1 mg of colla-
genase per ml [Boehringer Mannheim Biochemicals, Indianapolis, Ind.]). The
cell suspension and undigested fragments were further dissociated by using
thick-walled glass tubes fitted with Teflon pestles, washed, and pelleted, and
erythrocytes were lysed. The lymphocytes were then isolated by standard Percoll
(Pharmacia Biotech AB, Uppsala, Sweden) gradient centrifugation. Cells were
recovered and counted, and viability was determined with trypan blue vital stain.

Cytofluorometry. The efficiency of in vivo CD81 T-cell depletion and the effect
of i.t. infection on the profile of lymphocyte subpopulations were determined at
4 weeks postinfection by flow cytofluorometric analysis. Cells were obtained from
the spleen and lung of mice inoculated with the MAb or normal rat IgG and i.t.
infected with 106 P. brasiliensis yeast cells. Normal, saline-injected as well as only
infected animals were used as controls. Cell suspensions of each animal were
washed, adjusted to 5 3 106 viable cells/ml, and stained with phycoerythrin-
conjugated anti-CD4, anti-CD8, or rat anti-mouse Ig MAb (Pharmingen, San
Diego, Calif.). The stained cells were analyzed immediately by FACScan equip-
ment using PC-Lysys software (Becton Dickinson, San Jose, Calif.) and gating on
lymphocytes as judged from forward and side light scatter. Ten thousand lym-
phocytes were counted, and the data are expressed as the number of viable
CD81 T cells, CD41 T cells, and Ig1 cells. The efficiency of the CD81 T-cell
depletion was assessed by calculating the decrease of this subpopulation relative
to infected, normal IgG-treated animals.

Assay for organ CFU. The numbers of viable microorganisms in the lungs,
liver, and spleen from CD81 T-cell-depleted and nondepleted mice were deter-
mined by counting the numbers of CFU. Eight to 10 animals from each mouse
strain were sacrificed at 4 and 8 weeks postinfection, and enumerations of viable
organisms in the three organs were done by counting the numbers of CFU, as
previously described (37). Briefly, aliquots (100 ml) of the cellular suspensions of
each organ were plated on brain heart infusion agar (Difco) supplemented with
4% (vol/vol) horse serum (Instituto Butantan, São Paulo, Brazil) and 5% Pb192
culture filtrate, the latter constituting a source of growth-promoting factor. Plates
were incubated at 35°C, and colonies were counted daily until no increase in

counts was observed. The numbers (log10) of viable P. brasiliensis colonies per
gram of tissue are expressed as means 6 standard errors.

DTH assay. DTH reactions were always evaluated just before sacrifice of the
animals used in the CFU assays by the footpad test, under previously determined
conditions (17). Briefly, mice were inoculated with 25 ml of Fava Netto’s antigen
(16) and footpad thickness was measured with a caliper (Mitutoyo Corporation,
Tokyo, Japan) immediately before and 24 h after antigen inoculation. The
increase in thickness was calculated and expressed in millimeters. Noninfected
mice submitted to the footpad test were used as controls.

Specific antibody levels. Specific antibody levels (total Ig, IgM, IgG1, IgG2a,
IgG3, and IgG2b) were measured by a previously described enzyme-linked im-
munosorbent assay (ELISA) (12) employing a cell-free antigen (11) prepared
from a pool of different P. brasiliensis isolates (Pb339, Pb265, and Pb18). The
average of the optical densities obtained with sera from control mice (PBS
inoculated), diluted 1:20, was considered the cutoff for each respective isotype.
Optical densities for each dilution of experimental serum were compared to
control values. The titer for each sample was expressed as the reciprocal of the
highest dilution which presented absorbance higher than the cutoff.

Histopathologic analysis. Groups of five normal rat IgG-treated and CD81

T-cell-depleted P. brasiliensis-infected A/Sn and B10.A mice were killed at week
4 after infection. Lungs were collected, fixed in 10% formalin, and embedded in
paraffin. Five-micrometer sections were stained by the hematoxylin-eosin
method. Pathologic changes were analyzed based on the number, size, morphol-
ogy, and cell composition of granulomatous lesions, number of fungi, and inten-
sity of inflammatory infiltrates.

Statistical analysis. The results obtained in the groups of each mouse strain
were analyzed by nonparametric two-way analysis of variance (Kruskal-Wallis
method) followed by multiple comparisons according to Dunn’s procedure (41).
A P value of ,0.05 was considered significant.

RESULTS

Phenotypic characterization of cells in the spleen and lungs
of mice. To evaluate the efficiency of anti-CD8 MAb in vivo
administration as well as its specificity, the phenotypes of lym-
phocytes obtained from the lungs and spleen of infected and
control mice were determined by flow cytometric analysis.
Four groups (n 5 4 to 6) of A/Sn and B10.A mice were used:
saline-injected normal mice, P. brasiliensis-infected mice, and
infected mice treated with either normal rat IgG or anti-CD81

T cell MAb. At week 4 of the experiment, splenic lymphocytes
were analyzed to monitor T-cell depletion and revealed a sig-
nificant decrease of CD81 T lymphocytes in the anti-CD8-
treated group (71.5%, P 5 0.004 [for A/Sn mice]; 67.1%, P 5
0.005 [for B10.A mice]). This fact is reflected in the increased
CD4/CD8 ratios detected in the MAb-treated groups (Fig. 1).
Flow cytometric analysis of lymphocytes found in the lungs of
B10.A mice by week 4 of infection (Table 1) demonstrated an
increased number of CD41 T cells, CD81 T cells, and Ig1 cells
in the P. brasiliensis-infected and normal IgG-treated groups.
The equivalent groups of A/Sn mice presented increased num-
bers of CD41 T cells and Ig1 cells but not of CD81 T lym-
phocytes. These data indicate that both CD41 and CD81 T
cells are involved in the pulmonary immune response devel-
oped by susceptible animals, while in the resistant strain the
CD41 T cells constitute the major subpopulation involved in
the local inflammatory response. Thus, a twofold increase in
the CD4/CD8 ratio was detected in A/Sn mice but not in B10.A
animals. Treatment with anti-CD8 MAb led to a specific de-
crease in the CD81 T-cell subset in both mouse strains (62.8%,
P 5 0.05 [for A/Sn mice]; 77.7%, P 5 0.035 [or B10.A mice])
when compared with the normal IgG-treated group. An im-
portant observation was that Ig1 and CD41 T-cell influx still
occurred in mice depleted of CD81 cells. Analysis of bron-
choalveolar lavage cells gave results similar to those obtained
with lung-infiltrating lymphocytes (data not shown).

Effect of in vivo depletion of CD81 T cells on severity of
infection. The evolution of disease in IgG-treated and CD8-
depleted A/Sn and B10.A mice was monitored by CFU counts
in the lungs, spleen, and liver at 4 and 8 weeks after infection
(Fig. 2). Depletion of CD81 T cells of resistant animals did not
alter the infection pattern at the 4th week postinfection. The
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fungal load in the lungs (4.1472 6 0.2740 log10 CFU/g of
tissue) was similar to that found in the nondepleted A/Sn mice
(4.1184 6 0.2557 log10 CFU/g of tissue), and no fungal dis-
semination to other organs could be observed in either de-
pleted or nondepleted mice. However, at the 8th week after
infection, CD81 T-cell-depleted A/Sn mice displayed fungal
dissemination to the liver (0.9938 6 0.2770 log10 CFU/g of
tissue) and spleen (1.6480 6 0.7098 log10 CFU/g of tissue) that
could not be seen in nondepleted A/Sn mice. Although deple-
tion of CD81 T cells induced a disseminated pattern of dis-
ease, the pulmonary fungal load (5.7208 6 0.0855 log10 CFU/g
of tissue) was similar to that found in nondepleted animals
(5.4815 6 0.0627 log10 CFU/g of tissue).

B10.A mice were precociously affected by MAb H-35: at

week 4 after infection, depleted animals presented significantly
higher numbers of CFU in the lungs (5.8093 6 0.0855 log10
CFU/g of tissue) than did nondepleted mice (1.5925 6 0.5133
log10 CFU/g of tissue). Also, it was observed that the disease
was disseminated to the liver (0.6245 6 0.2051 log10 CFU/g of
tissue) and spleen (0.73605 6 0.4658 log10 CFU/g of tissue) in
the depleted group but not in the infected, nondepleted B10.A
mice. At week 8 postinfection, MAb-treated B10.A animals
displayed an exacerbation of pulmonary infection (5.3801 6
0.3309 log10 CFU/g of tissue) compared to their nondepleted
counterparts (2.1785 6 0.0855 log10 CFU/g of tissue). The
extrapulmonary dissemination, however, was not markedly dif-
ferent in the two groups of B10.A mice: animals treated with
the MAbs presented 0.6278 6 0.2882 and 1.0861 6 0.4859

FIG. 1. Quantitation of splenic lymphocytes and CD4/CD8 ratios in infected and CD81 T-cell-depleted mice. Groups (n 5 4 to 6) of A/Sn and B10.A mice are as
follows: saline-injected normal mice (Saline), P. brasiliensis-infected mice (Pb), infected mice treated with normal rat IgG (Pb 1 Normal IgG), and infected mice treated
with anti-CD81 T-cell MAb (Pb 1 a-CD8). Spleens were harvested at week 4 of the experiment. Data represent the numbers of positively fluorescent cells expressing
forward- and side-scatter characteristics of lymphocytes.

TABLE 1. Flow cytometric analysis of CD41, CD81, and Ig1 lung-infiltrating lymphocytes from P. brasiliensis-infected mice
treated with anti-CD81 T-cell MAb

Mouse strain Treatmenta
106 cells (SE)b

CD4/CD8 ratio
Total T CD41 T CD81 IG1

A/Sn Saline 3.90 (0.63) 0.90 (0.30) 0.28 (0.07) 1.47 (0.39) 3.21
Pb 9.71 (1.51) 1.39 (0.33) 0.20 (0.06) 4.27 (0.94) 6.95
Pb 1 normal IgG 9.90 (2.24) 1.52 (0.20) 0.26 (0.05) 3.63 (0.90) 5.85
Pb 1 a-CD8 9.78 (0.77) 1.88 (0.14) 0.07* (0.01) 3.43 (0.20) 26.86

B10.A Saline 5.67 (0.88) 1.07 (0.23) 0.95 (0.17) 2.08 (0.28) 1.24
Pb 22.67 (3.72) 4.24 (1.05) 2.89 (0.44) 7.04 (1.97) 1.47
Pb 1 normal IgG 17.50 (1.26) 3.65 (0.47) 2.92 (0.34) 5.19 (1.09) 1.25
Pb 1 a-CD8 17.50 (1.26) 4.43 (0.11) 0.74* (0.10) 6.68 (1.30) 5.99

a Pb, P. brasiliensis infected; a-CD8, anti-CD8 T-cell MAb. To deplete CD81 T cells, mice were treated with 150 mg of H-35 MAb i.p. at 1 day before infection with
P. brasiliensis cells (day 21) and 100 mg weekly thereafter for 4 or 8 weeks. The normal IgG groups consisted of infected mice injected i.p. with normal rat IgG on the
same schedule.

b Lungs from control and infected mice were minced and digested with collagenase, and leukocytes were obtained after cell fractionation in Percoll. Values are for
four to six mice tested at week 4 of infection. p, difference statistically significant (P , 0.05) compared to results obtained from P. brasiliensis-infected (Pb) and normal
rat IgG-treated, infected mice (Pb 1 normal IgG).
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log10 CFU/g of hepatic and splenic tissues, respectively, and
the nondepleted group showed 0.3000 6 0.1968 log10 CFU/g of
hepatic tissue and 0.5075 6 0.3324 log10 CFU/g of splenic
tissue.

Effect of CD81 T-cell depletion on pulmonary lesions. The
increased fungal load and extrapulmonary dissemination ob-
served in CD81 T-cell-depleted mice suggested that this T-cell
subpopulation could interfere, at least in susceptible mice, in
the morphology of pulmonary lesions. Thus, we analyzed lung
sections from IgG-treated and anti-CD8 MAb-treated A/Sn
and B10.A mice at week 4 postinfection. All studied mice
presented circumscribed granulomatous lesions scattered in
the lungs, localized preferentially around the bronchi, bronchi-
oles, and blood vessels. In both groups of A/Sn mice (anti-CD8
MAb or rat IgG treated), the patterns of the lesions were
similar, with few granulomas and preservation of the pulmo-
nary parenchyma (Fig. 3A and C). The cellular compositions of
the lesions were also qualitatively the same, with multinucle-
ated giant cells often containing P. brasiliensis yeasts and the
presence of a peripheral sheet of lymphocytes and plasmo-
cytes, although in the CD8-depleted group the multinucleated
giant cells were more frequent and larger than those observed
in the IgG-treated group (Fig. 3B and D). In B10.A mice, the
depletion of CD81 T cells also did not change the pattern of
granulomas but increased the intensity of the inflammatory
reaction (Fig. 3E and G). Actually, B10.A mice depleted of
CD81 T cells showed more severe pulmonary involvement
than all the other studied groups, as verified by the increased
size of granulomas and their fungal load. The lesions observed
in B10.A mice were formed by foci of macrophages and poly-
morphonuclear leukocytes around Pb18 yeasts; in the CD8-

depleted group the polymorphonuclear cell infiltrate was more
prominent than in the control group (Fig. 3F and H). In this
mouse strain, the presence of multinucleated giant cells was
less intense than that observed in A/Sn mice.

Effect of in vivo depletion of CD81 T cells on DTH response.
To assess the influence of CD81 T cells on the DTH response
during pulmonary PCM, CD81 T-cell-depleted A/Sn and
B10.A animals were evaluated at weeks 4 and 8 after infection.
The reactions of these animals were compared to three non-
depleted control groups: normal (noninfected) mice, infected
mice, and mice infected and treated with normal rat IgG. As
shown in Fig. 4, infected A/Sn and B10.A mice, regardless of
the treatment, always presented significant DTH responses
compared to normal mice at the two assayed points postinfec-
tion. Depletion of CD81 T cells in A/Sn mice induced a slightly
lower DTH reaction compared to their infected, nondepleted
counterparts, at both the 4th and 8th week postinfection. Sus-
ceptible mice displayed the opposite behavior: depletion of
CD81 T cells induced DTH responses at week 4 and 8 postin-
fection that were significantly more intense than those found in
nontreated or normal rat IgG-treated, infected controls.

Effects of in vivo depletion of CD81 T cells on specific
humoral immune responses. Cytokines produced by CD41

and CD81 T cells play an important role in regulation of the
humoral immune response and isotype switching (23, 38, 39).
Moreover, previous studies from our group have demonstrated
that the humoral immune response against most P. brasiliensis
components is T-cell dependent (7). Thus, we studied the
influence of the integrity of the CD81 T-cell subset on specific
antibody production during pulmonary infection of mice
treated with control IgG or H-35 MAb. At 4 and 8 weeks
postinfection, sera were collected and assayed for their con-
tents of specific total Ig, IgM, IgG1, IgG2a, IgG2b, and IgG3.
Control animals treated with normal rat IgG commonly pre-
sented higher levels of specific anti-P. brasiliensis antibodies
than did nontreated controls, although the difference was usu-
ally not significant (Fig. 5). At week 4 of infection, no signifi-
cant differences were found between normal IgG-treated and
CD8-depleted groups (data not shown). When treatment was
given for 8 weeks, antibody titers were usually higher than
those verified at week 4 postinfection. A decrease in total Ig
and IgG1 levels was observed in A/Sn MAb-treated mice com-
pared to their normal rat IgG-treated counterparts. On the
other hand, prolonged CD81 T-cell depletion in B10.A mice
did not induce significant differences in isotype titers relative to
normal IgG-treated animals.

DISCUSSION

Data determined by CFU counts in the lungs, liver, and
spleen of i.t. infected mice clearly demonstrated that, during
experimental P. brasiliensis infection, depletion of CD81 T
cells induces a more severe and/or disseminated disease in
both resistant and susceptible mice. Depletion of CD81 T cells
of A/Sn mice during 4 weeks did not alter the degree of infec-
tion, thus suggesting that CD81 T cells may not play an im-
portant role at the initial phases of the disease of resistant
animals. However, CD81 T cells appear to be involved in later
control of pulmonary infection, hampering the escape of fun-
gal cells to other organs, since prolonged depletion (8 weeks)
resulted in extrapulmonary fungal dissemination, although the
pulmonary infection remained unaffected. In susceptible mice,
however, CD81 T cells seem to have a protective role already
at the beginning of the infection, since at the 4th week postin-
fection CD81 T-cell-depleted mice presented an exacerbated
pulmonary infection and precocious fungal dissemination to

FIG. 2. Effect of in vivo depletion of CD81 T cells in genetically resistant
(A/Sn) and susceptible (B10.A) mice i.t. infected with 106 P. brasiliensis yeast
cells. Recovery of CFU from lungs, liver, and spleen of infected mice treated with
normal rat IgG or rat MAb anti-CD81 T cells is shown. The bars depict means 6
standard errors of log10 CFU obtained from groups of 8 to 10 mice at weeks 4
and 8 after infection. p, significantly different (P , 0.05) from normal IgG-
treated group.

VOL. 68, 2000 PROTECTIVE ROLE OF CD81 T CELLS IN PCM 355



356



the liver and spleen; this profile was maintained after pro-
longed times of depletion.

The decrement in splenic and pulmonary CD81 T cells in
resistant and susceptible mice given anti-CD81 T-cell MAb
ranged from 62.8 to 77.7%. Despite the incomplete elimination
of CD81 T cells in P. brasiliensis-infected mice, at week 4 the
number of pulmonary yeast cells increased more than 10,000-
fold in susceptible mice, demonstrating that CD81 T cells play
at an early time an important role in the clearance of P.
brasiliensis. A similar degree of CD81 T-cell depletion, how-
ever, did not affect the fungal burden in the lungs of resistant
animals, showing a more prominent participation of this T-cell
subpopulation in the susceptible strain.

An important observation was that the inflammatory influx
into the lungs of susceptible mice was composed of CD41 and
CD81 T cells, whereas in resistant mice only the former sub-
population appears in slightly increased numbers. This picture
agrees with CFU data at week 4 of infection when depletion of
CD81 T cells affected fungal pulmonary loads only of suscep-
tible mice. Altogether these data appear to indicate that the
pulmonary protective immune responses mounted by B10.A
mice involve the contribution of CD41 and CD81 T cells,
whereas in A/Sn mice the CD41 T-cell subset is mainly in-
volved.

Imbalances in T-cell subsets have also been described for
human PCM. In T-cell subpopulations in the peripheral blood
of patients with acute or chronic forms of PCM, a significant
fall in the CD4/CD8 T-cell ratio was detected (2, 30). Some
authors observed decreased numbers of CD41 and CD81 T
cells (30), whereas others reported a decrease only in the
CD41 subset (2). The mucous and skin granulomatous lesions
of PCM patients presented an elevated CD4/CD8 T-cell ratio
due to high numbers of infiltrating CD41 T cells; this ratio in
the blood, however, was very low (29). These findings showed
that the phenotype of cells found in the blood does not reflect
the subsets infiltrating the lesions.

In an analysis of the histopathological data obtained at 4
weeks postinfection, two intensities of lesions were detected:
more pronounced in B10.A mice depleted of CD81 T cells and
less pronounced in the three other groups studied. Thus, the
increase in the severity of the lesions and in the number of
yeasts present in the lungs of depleted animals confirm the
protective role of CD81 T cells in the susceptible strain. This
picture was not found in resistant A/Sn mice, in which the
absence of CD81 T cells did not affect the number and inten-
sity of pulmonary inflammatory lesions. Even in susceptible
mice, absence of CD81 T cells did not cause remarkable al-
terations in the patterns of pulmonary lesions, such as those
caused by the depletion of gamma interferon (IFN-g), which
resulted in complete disorganization of the pulmonary struc-
ture (13). The data presented herein are in accordance with
those reported by Deepe (15), who studied the role of CD81 T
cells in murine histoplasmosis; no differences in the his-
topathological patterns of splenic and hepatic lesions were
detected between depleted and control mice. As already
shown, multinucleated giant cells were found more consistently
in resistant than in susceptible mice. Analogously to what was
reported by Hill in experimental cryptococcosis (18), most of

these cells contained ingested fungi, suggesting a protective
role of giant cells in experimental PCM.

In humans (reviewed in reference 4), as well as in our iso-
genic murine model of PCM (reviewed in reference 8), positive
DTH reactions correlate with less severe disease. Regarding
the involvement of CD81 T cells in the specific DTH reaction,
it became clear from our studies that in vivo depletion of
CD81 T cells does not alter significantly the DTH responses of
resistant animals but significantly increases these reactions in
susceptible mice. These results suggest that CD81 T-cell sub-
sets could be suppressing, at least partially, the DTH reactions
in susceptible animals and confirm the studies by Jimenez-
Finkel and Murphy (20), demonstrating that intravenous treat-
ment of mice with P. brasiliensis antigens induces production of
suppressor T cells that impair specific DTH responses. Thus,
unexpectedly, in B10.A mice, protective immunity and DTH
responses are dissociated traits. Our results suggest that CD81

T cells could be involved in both protection against P. brasil-
iensis (perhaps by mean of their cytotoxic activity or ability to
secrete IFN-g) and negative regulation of DTH responses.

FIG. 4. Effects of treatment with MAb anti-CD81 T cells on DTH responses
of resistant (A/Sn) and susceptible (B10.A) mice i.t. infected with 106 P. brasil-
iensis yeast cells. Animals were untreated, treated with normal rat IgG, or treated
with rat anti-CD81 T-cell MAb. At weeks 4 and 8 after infection, mice (8 to 10
animals per group) were injected intrafootpad with a soluble yeast antigen 24 h
before measurement of the footpad response. The bars depict means 6 standard
errors of footpad swelling. The horizontal lines denote means 6 2 standard
deviations (95% confidence interval) of noninfected A/Sn and B10.A mice sub-
mitted to the footpad test (n 5 19). p, significantly different (P , 0.05) from
untreated group; 1, significantly different (P , 0.05) from normal IgG-treated
group.

FIG. 3. Photomicrographs of granulomatous lesions from mice i.t. infected with 106 P. brasiliensis cells and treated with anti-CD8 MAb or normal rat IgG. Shown
are, respectively, panoramic views (hematoxylin and eosin, 352) and details (hematoxylin and eosin, 3435) of lesions developed by A/Sn mice depleted of CD81 T
cells (A and B), A/Sn mice treated with normal rat IgG (C and D), B10.A mice depleted of CD81 T cells (E and F), and normal IgG-treated B10.A mice (G and H).
Notice the higher number and size of multinucleated giant cells in the pulmonary lesions of CD8-depleted A/Sn mice (B) and the more intense polymorphonuclear
infiltrate in the lesions of CD8-depleted B10.A mice (F).
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This dual role exerted by CD81 T cells in susceptible mice
deserves further investigation using purified T-cell subsets. In
murine leishmaniasis, using susceptible BALB/c mice Liew et
al. (24) have also observed a dissociation between protective
immunity and DTH responses. They reported that previous
subcutaneous immunization with irradiated promastigotes of
Leishmania major induced an increased DTH reactivity in par-
allel with more severe disease. The influence of CD81 T cells
on DTH reactions was also observed in studies with other
fungal diseases. Depletion of CD81 T cells during experimen-
tal cryptococcosis is associated with suppression of specific
DTH responses (28), whereas depletion of these cells does not
alter the onset or maintenance of DTH reactions in histoplas-
mosis (15).

High levels of circulating antibodies are directly related to
the severity of PCM, although their pathophysiologic signifi-
cance is still unknown (4, 10). When antibody production was
analyzed herein, it was observed that treatment with normal
IgG stimulated production of higher antibody levels indepen-
dently of the mouse strain. A recent publication (40) reported
that high concentrations of normal Ig induce the activation of

CD41 T cells and B cells. This fact could explain, at least
partially, the increments in antibody levels observed in this
study. When IgG-treated controls were compared to CD8-
depleted mice, no significant differences in antibody levels
were detected except for the decreased levels of total Ig and
IgG1 in strain A/Sn at week 8 of infection, indicating that
CD81 T cells are not primarily involved in control of antibody
production. In a previous work using athymic and euthymic
BALB/c mice (7), it was verified that the majority of P. brasil-
iensis antigens are T-cell-dependent components since only
T-cell-sufficient mice were able to produce anti-P. brasiliensis
antibodies. The results obtained herein confirm the CD41

T-cell subset as the major regulator of antibody production,
since depletion of CD81 T cells only peripherally affected
antibody production. Indeed, in vivo CD41 T-cell depletion
experiments practically abrogate antibody production by resis-
tant and susceptible mice after P. brasiliensis infection (L. E.
Cano and V. L. G. Calich, unpublished data).

It is well known that exogenous foreign protein antigens are
presented to CD41 T cells by class II major histocompatibility
complex (MHC) molecules, whereas CD81 T lymphocytes rec-
ognize endogenous peptides bound to class I MHC molecules.
Despite the preferential endosomal behavior of P. brasiliensis
yeast cells (5), the experiments described herein indicate that
fungal antigens probably can be presented by MHC class I
molecules. Moreover, our results suggest that, early in disease,
antigen processing by antigen-presenting cells of susceptible
animals may be different from that of resistant mice. Although
many aspects of CD81 T-cell recruitment, activation, and in-
teraction with other cells remain to be better elucidated, our
results clearly show, for the first time, that CD81 T cells are
protective in experimental PCM and that the genetic pattern of
the host is a determinant in the intensity of CD81 T-cell
activation.
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