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Abstract We review here the advances in the

understanding of the immunopathology of human

paracoccidioidomycosis (PCM). Its investigation

must take in account the intriguing natural history of

the mycosis and its agent, providing clues to the

mechanisms that lead to development of disease

(unbalanced host–parasite relationship?) or to the

clinically silent, chronic carrier state (balanced host–

parasite relationship?), in exposed people living in

endemic areas. Although the literature on this subject

has progressed notably, the overall picture of what are

the mechanisms of susceptibility or resistance contin-

ues to be fragmentary. Major advances were seen in

the description of both the cytokines/chemokines

associated to the different outcomes of the host-

parasite interaction, and the fungus-monocyte/macro-

phage interaction, and cytokines released thereof by

these cells. However, relatively few studies have

attempted to modify, even in vitro, the patients’

unbalanced immune reactivity. Consequently, the

benefits of this improved knowledge did not yet reach

clinical practice. Fortunately, the previous notion of

the immune system as having two nearly independent

arms, the innate and adaptive immunities, leaving a

large gap between them, is now being overcome.

Immunologists are now trying to dissect the connec-

tions between these two arms. This will certainly lead

to more productive results. Current investigations

should address the innate immunity events that trigger

the IL-12/IFN-c axis and confer protection against

PCM in those individuals living in endemic areas, who

have been infected, but did not develop the mycosis.
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The problem

The investigation of the immunopathology of para-

coccidioidomycosis (PCM) should be addressed

taking in account the intriguing natural history of

the mycosis and its agent. First, the fact that most

likely humans are accidentally infected, with no

evidence up to now that P. brasiliensis (Pb) may

acquire any upgrade in its adaptive abilities by

infecting the mammalian host. This may be related to

the observed absence of inter-human transmission of

the yeast. Second, the possibility that the yeast would

be released from the host back to the environment

with a somewhat improved ability to out-compete

other microorganisms has not yet been documented.

On the contrary, it appears that infecting the living

G. Benard (&)

Laboratory of Dermatology and Immunodeficiencies

(LIM-56), Medical School of the University of São Paulo,
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host represents a dead alley for the fungus [1]. With

this in mind, what then dictates the events that lead to

disease development (unbalanced host–parasite rela-

tionship?) or to clinically silent, chronic carrier state

(balanced host–parasite relationship?), in exposed

people living in endemic areas? It should be remem-

bered that the latter situation is the rule, since the

great majority of the individuals living in endemic

areas will never develop the mycosis. Although there

are no well-conducted epidemiological studies, the

risk of developing disease after P. brasiliensis

infection is much lower than that after acquiring M.

tuberculosis infection, the agent of a chronic granu-

lomatous disease also endemic in many areas of Latin

America, which is up to 5–10% during lifetime of

those infected [2]. This suggests that potential

virulence factors or fungal strategies that may

optimize yeast survival within the human host cannot

not be envisaged as the result of a selective pressure

from the mammalian host environment. The high-

infected subjects/patients ratio even in highly ende-

mic areas is in agreement with this notion.

It is assumed that the acute/subacute form of the

disease would represent a continuum from the initial

infection, with short incubation times (weeks or few

months, few years?), while the chronic form of the

disease would be the consequence of reactivation of

the fungus from quiescent foci [3]. One would affect

younger subjects, typically under 30-years-old, while

the other would be characteristic of older ([30 years)

adult persons. However, this age distinction may

merely reflect epidemiological characteristic associ-

ated with the type of clinical manifestation [4, 5].

Those who work at clinical mycology services in

endemic areas have eventually had the opportunity to

diagnose acute/subacute PCM in older individuals,

and the typical chronic form of the disease in patients

younger than 30-years-old. Moreover, there are

subacute cases in which the incubation time has

apparently lasted for years and not months [6].

That the natural history of the mycosis, on the

other hand, is intimately related to the immune status

of the patient is demonstrated by the frequent

difficulty in classifying the clinical presentation of

the mycosis of persons with AIDS [7]. In many cases,

it likely represents an illness resulting from reactiva-

tion of the yeast from quiescent foci. However,

clinically, the resemblance is with an acute form of

the disease. Thus, reactivation of the yeast, which in

the non-immunosuppressed usually results in the

typical involvement of lungs and other sites of the

respiratory tract, in immunosuppressed subjects leads

to a disseminated disease similar to the acute form.

Such atypical presentation had been described long

ago in patients with malignancies by professor C. S.

Lacaz [8]. This presentation was coined opportunistic

or mixed form (Fig. 1) [7].

How immunopathological studies may help us

better understand the mechanisms that underlie the

variability in the outcomes of the host-P. brasiliensis

relationship? Unfortunately, the investigations

addressing this topic, specially in humans, the focus

of this review, have been mostly merely descriptive,

focusing mainly the cellular aspects of immune

responses, and reproducing much of what have

previously been done in other, better studied, chronic

granulomatous infections either of fungal etiology or

not. Few researchers attempted to modulate in vitro

these immune responses in order to characterize more

precisely the most relevant or dominant mechanisms.

Fig. 1 Overview of the

natural history of the host-

parasite interaction in

human

paracoccidioidomycosis
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A number of groups, including ours, have shown that

immune reactivity differs among healthy exposed

individuals, patients with the chronic form of the

disease, patients with the acute/subacute form of the

disease, and individuals who have been cured of the

mycosis. On the other hand, the mechanisms of

adhesion, invasion and survival within host cells,

leading to the establishment of productive infection

have recently been explored in depth, and are

discussed elsewhere in this issue.

Immunological description: the lymphoproliferative

response, the cytokine balance and the monocytes

Studies published mainly in the 1970s and 1980s have

shown depressed cellular immune responses of

PCM patients, usually employing the lymphocyte

proliferation and/or leukocyte migration inhibition

tests [9–16]. They have shown that the cellular arm of

the immune responses is affected both in a specific

(elicited by P. brasiliensis components) and a non-

specific fashion (elicited by microbial antigens other

than Pb or mitogens). Quantification of the circulating

subsets of mononuclear cells generally showed only

modest or even absence of abnormalities [17]. In fact,

later in situ studies showed that most of these cell

subsets were well represented within the lesions, either

forming a palisade around or permeating the granu-

lomatous lesions [18]. The gradual modifications in

the cellular infiltrative pattern along with the initia-

tion of anti-fungal treatment have recently been

described, starting from the exuberant inflammatory

process up to the initiation of the fibrosis and healing

process [18].

To address the apparent paradox between the

finding of a pronounced deficit of lymphocyte

proliferative responses to mitogens and antigens from

microbes other than Pb, which could denote a more

generalized impairment of the cellular immunity of

PCM patients, and the clinical observation that PCM

patient are not more prone to acquire other infectious

diseases (with the exception of the probably overes-

timated [20] association with pulmonary TB), we

focused our studies on the immune responses to more

specific Pb antigens. These studies showed that the

nature of the cellular immune defect was predomi-

nantly antigen-specific [21, 22]. Decreased immune

responses to challenges with Pb-unrelated microbial

antigens were probably a consequence of the impair-

ment of the general status of the patients, instead of

an intrinsic defect of the immunity of PCM patients

[14, 16]. In disagreement with some studies, but in

agreement with others, we observed that the majority

of the patients with PCM presented overall adequate

T cell responses to mitogens (and to a Pb-unrelated

fungal antigen). These studies are summarized in

Table 1 [9–16, 21–26].

Later on, on the basis of increasing amount of

information regarding the cytokines and chemokines

that regulate the differentiation of cellular immune

responses and the description of patterns of immune

responses associated with defined enhanced/

depressed cytokine and chemokine expression, sev-

eral studies have then sought to associate these

patterns with the different outcomes of the Pb-human

host interaction. PCM itself revealed to be a quite

good example of how the concept of cytokine-

regulated patterns of immune responses could be

applied to the study of the immune-regulation taking

place in chronic granulomatous infectious diseases.

Several groups addressed this question by quantifying

the cytokines released in vitro from patients’ cells.

The results published so far were, in general, quite

concordant and the picture that emerged were quite

consistent, as depicted in Table 2 [19, 25, 27–34]. In

brief, these studies showed that the acute/subacute

form of the disease is associated with down modu-

lation of the Th-1 cytokine pattern and expression of

a dominant Th-2 immunity consisting of high levels

of a subset of cytokines such as IL-4, IL-5 and IL-10,

specific antibodies of the IgE and IgG4 subclasses,

in situ and peripheral blood eosinophilia, among

other parameters. Those with the chronic form of

the disease similarly presented a trend to down-

modulated Th-1 type responses, but polarization

toward Th-2 reactivity was infrequently seen. Impor-

tantly, in some studies, it was reported that reactivity

of the healthy infected controls could be distin-

guished from that of patients. A schematic view

summarizing these findings is shown in Fig. 2.

The cytokine balance also strongly affects diverse

macrophage activities; these cells, in turn, have the

ability to secrete a large array of pro and anti-

inflammatory cytokines that certainly interfere with

the regulation of the pattern of immune reactivity to

the invading agent. Cells of the macrophage/mono-

cyte lineage (and pulmonary dendritic cells, according
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to studies in experimental models [35]), are in a

privileged position to exert their defensive and

regulatory abilities. They are most likely among the

first ones to interact with the fungus (either recently

inhaled conidia or the ensuing, transformed yeast

cells). Their digestive and killing abilities, along with

the cytokines secreted in response to this challenge,

will be crucial to the subsequent events and, ulti-

mately, to the fate of the infectious process. In fact,

macrophages are considered central to the anti-Pb

immunity [36]. Neutrophil accumulation has been

described in the early phase of the immune response,

either permeating the granulomatous reaction or

forming microabscesses within them [37–40]. These

cells have been shown to also exert in vitro anti-Pb

activity [41–44], but their in vivo role in the host

defense against the fungus remains to be determined.

In fact, we have described the existence of a

dichotomy between IL-10 and IL-12p70 (the

bioactive form of this cytokine) secretion in PCM

patients. Their monocytes preferentially release IL-10

both without exogenous stimulation and when chal-

lenged in vitro with the P. brasiliensis main antigenic

component, the 43 kDa glycoprotein, or with LPS

[19, 29, 32]. Little or no IL-12p70 was released

[Romano CC, Mendes-Giannini MJS, and Benard G,

unpublished data]. On the other hand, monocytes

from healthy donors who have been cured of PCM or

have been infected, but remained asymptomatic,

released large amounts of IL-12p70 and little IL-10.

Recently high levels of IL-18 were also demonstrated

in the sera of patients [45]. Elegant experimental

PCM studies (Lenzi HL and Restrepo A, unpublished

data) have shown macrophages with engulfed,

gemulating Pb yeast cells trafficking in the lymphatic

system. Thus macrophages have a dual role in PCM:

they can either be instrumental to dissemination of

the infection or to its containment. In both cases, they

Table 1 Published studies evaluating the lymphocyte proliferative responses of paracoccidioidomycosis patients as compared to

controls

Lymphocyte proliferative responses to

Ref. (Year) Population studied (n) Mitogen PbAg Other Ag

9 (1971) Pt: 10; Co: 10 NS 4 nl, 6 ; ND ND

10 (1976) Pt: 13 CF, 6 AF; Co: 40 NS 8 nl, 11 ; 12 ;, 6 nla 5 nl, 9 ;

11 (1977) Pt: 17; Co: 59 NS, 18 treated 14 nl, 3 ; ; or nlb nl

12 (1978) Pt: 16; Co: 16 NS, 16 treated ; ; ND

13 (1982) Pt: 3 CMF, 4 CLF, 3 AF; Co: 10 treated, 8 NS(?) ; ; ;

14 (1983) Pt: 16 CLF, 10 AF; Co: 25 NS 16; 10 nl ND ND

15 (1985) Pt: 9 AF, 30 CMF, 8 CLF; Co: 27 NS 8 ;, 9 AF ; or nl ND

22 ;, 30 CMF

5 ;, CLF

16 (1989) Pt: 28 CF; Co: 21, 18 NS PHA: 16 nl, 11 ;; PWM: nl 7 nl, 10 ; ND

ConA 16 nl, 11;

21 (1996) Pt: 10 AF, 22 CF; Co: 155, 15 NS Nl ; nl

22 (1997) Pt: 5 AF, 5 CLF, 10 CMF; Co: 12 NS, 12 S Nl CMF ; AF ; nl

CLF nl or ;

23 (1999) Pt: 45; Co: 32 NS ; ND ND

24 (1999) Pt: 8 AF; Co: 4 S, 12 treated, 4 NS ND ; ND

25 (2002) Pt: AF 14 CMF; Co: 23 NS, 19 S ND ; ND

26 (2003) Pt: 20 CLF; Co: 15 NS ; ; or nla ND

PbAg: P. brasiliensis antigen; mitogen: PHA, Con A or PWM; Pt: Patients; Co: Controls; NS: not sensitized to P. brasiliensis
antigens; S: sensitized to P. brasiliensis antigens; Treated: patients treated and on clinical remission; CF: chronic form; CMF chronic

multifocal form; CLF chronic localized form; AF: acute form, nl: similar to controls
a PbAg suitability for measuring lymphocyte proliferative responses was not tested with a responder control group
b PbAg elicited low LPR in the positive control group (treated patients)
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are critical to the outcome of the infection. The

cytokine balance certainly plays a role in this

‘‘decision’’: adequate macrophage activation would

be needed to increase its anti-fungal properties as

suggested by the observation that macrophages from

healthy donors exhibit very limited in vitro activity

against virulent Pb strains (£5% reduction in the

number of CFU), as compared to less virulent strains

[31, 46]. In fact, macrophages isolated from patients’

peripheral blood exhibited slightly higher, but still

weak in vitro killing capacity against virulent Pb

(only *10–15% reduction in the number of CFU)

[31, 46]. This slight enhancement was accounted for

the more activated status of patients’ cells due to their

previous, in vivo, exposure to fungal antigens. Of

note, these data were obtained with a high (50:1)

macrophage to yeast cell ratio, and concurrent

experiments using C. albicans yeast forms as target

revealed higher fungicidal activity. Thus, while

macrophages that have been challenged with Pb or

its components release a modified repertoire of

cytokines, which regulates the subsequent adaptive

immunity, they in turn depend on a positive feedback

of the adaptive immunity, signaled through the

release of cell-activating factors, to achieve the

required stronger anti-Pb activity. Differently from

experimental PCM, where non-oxidative mechanisms

were shown to account for the killing activity of

activated macrophages, in humans, products gener-

ated by the oxidative burst (e.g., H202) seem to play a

major role [47]. More recently, however, IL-15 was

shown to enhance P. brasiliensis killing by macro-

phages by a mechanism that was independent of

oxidative burst products [48]. Other factors, such as

iron [49], have also been reported to mediate the

in vitro anti-Pb activity of macrophages. Thus the

precise mechanisms of P. brasiliensis killing by these

phagocytes have not yet been fully elucidated, since

the identification of the cytotoxic molecules that are

released in vivo and that account for the killing of Pb

has not been accomplished likewise. On the other

hand, lack of adequate cytoplasmatic acidification in

macrophages of chronic form PCM patients has

recently been reported and may suggest a possible

evasion mechanism [50].

A series of immunohystochemical studies of

patients’ lesions revealed findings that were consis-

tent with the in vitro observations. Well-organized

granulomas were associated with Th-1 like profile of

cytokine expression (preferential expression of IFN-c
over IL-10 and IL-5), while poorly organized gran-

ulomas presented the inverse pattern [39]. TNF-a was

equally expressed in the two types of granulomatous

reactions. Another study showed that TNF-a and

Fig. 2 Overview of the

cytokine regulation

associated with the three

main outcomes of the P.
brasiliensis-human host

interaction, based on data

on the immune responses to

the immunodominant

antigenic component of the

yeast, the 43 kDa

glycoprotein (gp43). Pb,

Paracoccidioides
brasiliensis; MØ,

macrophage; IL,

interleukin; IL-12R, IL-12

receptor; b1 and b2,

subunits of the IL-12R;

IFN, interferon; TNF, tumor

necrosis factor, STAT,

signal transducers and

activators of transcription

214 Mycopathologia (2008) 165:209–221

123



TGF-b1 were highly and diffusely expressed in

lesions from patients with chronic form of the disease

before treatment. After 20 days of anti-fungal treat-

ment, TNF-a expression was substantially decreased,

while TGF-b1 remained highly expressed, now as

deposits associated with areas of fibrosis [19].

However, no direct association with the number or

morphological aspect of the yeast cells within the

lesions was described in these studies. A third study

also included biopsies of inflamed lymph nodes from

patients with the acute form of the disease. These

biopsies showed higher counts of yeast cells com-

pared to the oral mucosa biopsies of chronic form

lesions [38]. Inducible nitric oxide synthase, an

enzyme involved with the production of NO, was

expressed at low levels in the lesions, suggesting that

this cytotoxic agent may have a role in human host

defense against Pb. These low levels of expression

would be due to the high expression of anti-inflam-

matory cytokines (TGF-b and IL-10) and low TNF-a
expression in the lesions, and would represent a

mechanism of escape of the fungus. The role of NO

in PCM remains controversial [51]. Interestingly, all

three studies described areas with purulent exudates,

probably representing failure of the local host’s

immune responses in containing the yeast.

Modifying the immune responses?

Overall, these studies report on the events underlying

the patterns of immune responses associated with the

different outcomes of the host–parasite interaction in

PCM. However, most were mainly descriptive stud-

ies. Few attempted to modulate these events, e.g.,

either by replacing cytokines or by blocking their

action by the addition of neutralizing antibodies, in

order to verify their actual role in the regulation of the

host–parasite interaction in patients, and in establish-

ing the hierarchy among them. In this regard, we

showed a few years ago that IL-10 has a major role

in the down modulation of the Th-1 immune

responses. Blockade of IL-10 could in vitro redress

the gp43-induced IFN-c release of patients with

severe, untreated disease [52]. INF-c is considered a

critical cytokine in anti-Pb immunity, at least in

experimental models of PCM [53]. Concomitant

addition of rhIL-12 optimized the beneficial effects.

Neutralization of IL-10 per se resulted in enhanced

release of IL-12p70 to levels comparable with those

of healthy Pb-sensitized controls, and almost nor-

malization of the expression of the b2 subunit of the

IL-12 receptor on T-cells, thereby re-establishing the

integrity of the IL-12/INF-c pathway [54]. In this

regard, development of severe disseminated subacute

PCM was reported in a boy with defective IL-12/IFN-

c pathway due to a point mutation in the b1 subunit of

the IL-12 receptor, highlighting the importance of

this pathway for the integrity of the host defense

against P. brasiliensis. [55]. IL-10, but not TGF-b
was able to decrease the phagocytic and fungicidal

activity of macrophages from healthy donors against

Pb [56]. Thus IL-10 seems to be the major dominant

negative cytokine in PCM patients, blocking the full

expression of immunity mediated by the IFN-c/IL-12

axis and the fungicidal activity of macrophages.

Other studies have shown that TNF-a was the most

potent agonist of Pb fungicidal activity by macro-

phages from both healthy donors and patients,

provided the cells have been pre-activated with

IFN-c [31]. GM-CSF as well was able to increase

the fungicidal activity of human macrophages [57],

while prostaglandins were shown to strongly inhibit it

[46]. Treatment of healthy donors’ macrophages

solely with IFN-c induced restriction of intracellular

Pb multiplication, but killing was not evidenced [58].

High levels (1,000 U/ml) of IFN-c only modestly

increased the in vitro fungicidal activity of patients’

macrophages (\30% reduction in CFU) against a

virulent strain as compared to *50% reduction in

CFU of an avirulent strain [31]; in this regard, much

lower amounts (250 U/ml) of IFN-c were able to

enhance the fungicidal activity against C. albicans

yeast cells (to *40% reduction) [31]. Thus, the

virulent phenotype in Pb would apparently be asso-

ciated with higher resistance to macrophage killing.

The discovery that cytokine programming of the

immune responses is mediated by a family of

intracellular signaling factors, the protein tyrosine

kinases, known as Janus kinase (JAK), and the signal

transducer and activator of transcription (STAT)

molecules, over 15 years ago, has come up with new

potential targets for the pharmaceutical modulation of

the immune responses [59]. This family comprises

four JAKs molecules (JAK1 to 3, and Tyk-2) and

seven STAT molecules (STAT1 to 6, including

STAT5A and STAT5B). Distinct STATs are coupled

to different cytokine signaling, thus some selectivity
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may be achieved when these proteins are modulated

pharmacologically. While STAT-6 phosphorylation is

induced by IL-4 and IL-13, being critical to Th-2 type

responses development, STAT4 phosphorylation is

related to the IL-12/IFN-c pathway, being critical to

development of Th-1 type responses [60]. STAT3 in

turn, seems essential for the transduction of IL-10

inhibitory signals [61]. These molecular targets are

particularly attractive because of their intracellular

localization, selective tissue expression, and, depend-

ing on the molecule, discrete functions [62]. They have

the potential to improve therapeutic benefits compared

to traditional drugs or systemic neutralization of

cytokines. Our laboratory is currently studying the

patterns of activation of some STATs in response to

gp43 of PCM patients. We found that patients’ T-cells

respond to gp43 by significantly upregulating the

expression of both active and inactive STAT3 com-

pared to cured controls, but by down regulating the

expression of both STAT1 and STAT4. Thus the

differential pattern of STAT expression consistently

reflects the well-described cytokine imbalance of PCM

patients (Romano CC, Mendes-Giannini MJS, Benard

G, unpublished data). STAT5 expression was also

increased in patients’ cells, but the meaning of this

finding is less clear. These data illustrate the potential

of using STATS as targets for therapeutic immunodu-

lation in this mycosis, as already proposed in other

settings [62, 63]. In fact, the altered STAT1 and

STAT4 expression in response to gp43 could be

in vitro restored in patients cells with, respectively,

IL-10 neutralization and rhIL-12 addition (Romano

CC, Mendes-Giannini MJS, Benard G, unpublished

data).

The literature has provided a large body of

evidence that T-cell costimulation is an important

issue in the regulation of the immune responses in

many infectious diseases [64]. Either optimal cellular

immune responses or anergy and subsequent T-cell

death can be elicited depending on the array of

costimulatory molecules involved in the cells’ cross-

talking. Furthermore, better understanding of the

mechanisms leading to T-cell death may offer

strategies aiming to minimize cell death, and thus

revert the anergic state of PCM patients. Few studies

addressed this issue in PCM. IL-12, a key cytokine in

driving Th-1 immune responses, was also shown to

exhibit anti-apoptotic properties [65], and this mech-

anism may have contributed to the beneficial effects

exerted by this cytokine when added to patients’

PBMC cultures. Silva and coworkers have investi-

gated the role of Fas ligand and CTLA-4 (a

costimulatory molecule known to deliver down

modulatory signals) [26]. Patients’ T-cell apoptosis

could be partly inhibited by disrupting Fas-Fas-L

interactions; disruption of either Fas-FasL or CTLA-4

interactions resulted in enhancement of IFN-c secre-

tion. However, the observed lack of proliferative

response to PHA and to a Pb antigen was virtually

not, or only slightly, redressed. In our laboratory, we

also detected higher rates of apoptosis in gp43-

stimulated patients’ T cells as compared to cured

controls’ T cells [66]. This defect was apparently

specific, since this phenomenon was not detected

when a Pb-unrelated fungal antigen was employed. In

addition, attempts to revert this trend with cytokine

addition also failed (Cacere CR, Mendes-Giannini

MJS, Benard G, unpublished data). Thus, the mech-

anisms that result in the inability of patients’ T-cell to

exhibit adequate proliferative responses remain to be

elucidated. In this regard, Silva and coworkers in an

elegant study investigated the role of regulatory

TCD4+CD25+ cells. Such cells, expanded from

patients’ lesions, either inhibited or stimulated the

proliferative capacity of allogeneic PBMC [67, 68].

The regulatory T-cells derived from four chronic

form patients exhibited an inhibitory capacity, while

those form acute/subacute form exhibited either a

stimulatory (three patients) or inhibitory (one patient)

activity. Thus, it appears that different mechanisms

are involved in the anergic state of chronic and acute/

subacute form patients, with the regulatory T-cells

playing a suppressive role only in chronic lesions.

We also have recently investigated the expression

of a number of costimulatory molecules with the

hypothesis that the PCM associated T-cell anergy was

due to lack of adequate costimulatory activity.

Indeed, we observed enhanced expression of both

CD80 and CD86 by cultured patients’ monocytes

(CD14+ cells). Altered expression of these molecules

has also been reported by Blotta and coworkers [33],

but the connection of these findings with the altered

immune reactivity of the patients remains elusive. We

also detected higher expression of these molecules by

T-cells from patients. In this case, it has been

suggested that T-cells expressing these costimulatory

molecule could interact with other T-cells expressing

their natural ligands, CD28 and CTLA-4, resulting in
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an immunosuppressive loop [69]. This hypothesis

seemed attractive because Silva’s group [26] and we

found enhanced expression of CTLA-4 in patients’

T-cells. We then tested this hypothesis by blocking

the signaling via CD80, CD86, or CTLA-4 in PBMC

with the respective neutralizing antibodies and

examining the gp43-elicited proliferative responses

in these conditions. These treatments were unable to

revert the antigen-specific T-cell anergy (Cacere CR

Mendes-Giannini MJS, Benard G, unpublished data).

The newly described costimulatory molecules, ICOS

and PD-1 [65, 70], were also increasingly expressed

by patients’ T-cells, but again our preliminary

data suggest that blockade of the respective signaling

pathways with anti-ICOS or anti-PD-1, PDL-1,

PDL-2 MoAbs was ineffective (Cacere CR Mendes-

Giannini MJS, Benard G, unpublished data). We

are currently determining the apoptotic pathways

triggered in PCM patients’ T cells, either the extrinsic

pathway (mediated by caspase 8 activation) or the

intrinsic one (mediated by caspase 9 activation).

Preliminary ex vivo data show that both pathways

would be active in the T-cells. Our current hypothesis

is that Pb-antigens reactive T-cells in patients with

PCM would be committed to death due to exposure to

fungal antigens in the context of inadequate costi-

mulation, and that this commitment would be

refractory to further attempts of in vitro modulation.

A similar hypothesis has been previously postulated

by other investigators [51].

Finally, as the historical gap between the innate

and adaptive immunities has become increasingly

narrower, many studies have focused on the biology

of dendritic cells and its influence on the adaptive

immune responses in several inflammatory condi-

tions. The published data on the participation of these

cells in PCM is almost exclusively based on exper-

imental PCM. We have recently addressed this issue

in PCM patients. Our preliminary data show

decreased phagocytic activity by patients’ DC com-

pared to healthy donors (Baida H, Romano CC,

Mendes-Giannini MJS, unpublished data). This was

associated with an altered pattern of expression of

several costimulatory molecules and the low capacity

of these cells to induce gp43-specific T-cell prolifer-

ative response. On the other hand, these DC were able

to release higher amounts of IL-12p70 and TNF-a
after challenge with gp43 than controls (Baida H,

Romano CC, Mendes-Giannini MJS, unpublished

data). Thus, DC from PCM patients may contribute

to the inflammatory response by secreting pro-

inflammatory cytokines, but would be unable to

present Pb-specific antigens to T-cells.

Some groups have directed their efforts at the

study of human T-cell recognition of, and reactivity

to, peptides derived from the main diagnostic antigen

of Pb, gp43, aiming to select the most immunogenic

peptides that would be potentially useful in the design

of vaccines against PCM. These studies were based

on the encouraging results obtained using this

strategy in experimental PCM [71]. Although reac-

tivity to individual peptides was low, both in terms of

proportion of responders (usually £50%) and stimu-

lation index levels (frequently £4) [72, 73], some

were more promiscuous. Evaluations of the cytokines

potentially elicited by these peptides are needed to

better define their antigenic capacity. In this regard, a

recent report described the kinetics of the secretion of

some cytokines in response to mixtures of gp43

peptides by cells from patients cured of PCM. There

was considerable variability both in the patients’

secretion levels and in secretion kinetics among the

cytokines [74]. Peptide pools combining these pep-

tides may represent a better alternative [73], but this

awaits further studies. Nevertheless, a debate among

clinicians, public health planners, and immunologists

about the real need for prophylactic and/or preventive

measures, as well as on the most adequate strategies

to implement them, has never taken place. So far, a

therapeutic vaccine may possibly more useful or

feasible than a prophylactic one. Moreover, the

mechanisms of susceptibility to PCM that could help

in the definition of the target population are still

unknown. In this regard, early studies have reported

an association between certain HLA alleles and

susceptibility to PCM [75–77]. This was not further

confirmed by more recent studies [78, 79]. However,

Shikanai-Yasuda’s group has recently suggested that

the class II allele DRB1*11 was associated with the

less severe, chronic unifocal form of the mycosis,

thus suggesting that this allele may confer some

resistance against Pb dissemination [80]. A study on

the frequency of a single nucleotide gene polymor-

phism in the IL-10 and TNF-a genes in a relatively

small number of individuals with and without PCM

has recently been released [81]. Clearly, more studies

are needed to addressing the issue of which popula-

tion would benefit more from prophylactic or
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preventive measures, in view of the very low disease/

infection ratio. As already stated by some investiga-

tors [82], we still believe that the current best

approach still is an early diagnosis.

Concluding remarks

Although the literature on the immunopathology of

human PCM has progressed notably, with a sub-

stantial increase in the number of published articles,

the overall picture of what are the mechanisms of

susceptibility or resistance continues to be fragmen-

tary. As a consequence, the benefits of this improved

knowledge did not yet reach clinical practice. I would

say that we are facing a puzzle with an increasing

number of pieces to assembly, and some of these

pieces seem not to fit. Thus we are still far from

having answers to the questions raised in the

beginning of this article. We certainly have made

progresses in the understanding of the events that

characterize the different outcomes of the host–

parasite interaction. However, we are still far from

the knowledge that could allow us to design immu-

nological tools that could favorably modulate the

immune response of the patients and abbreviate the

time of treatment, and consequently prevent the

development of sequels. Fortunately, the previous

view of the immune system, as having two almost

independent arms, the innate and adaptive immunity,

leaving a large gap between them, is now being

overcome. Immunologists are now trying to dissect

the connections between these two arms, narrowing

this gap. This will certainly result in more productive

results that may clarify the mechanisms associated

with susceptibility and resistance to disease develop-

ment. We are currently investigating the innate

immunity events that trigger the IL-12/IFN-c axis

conferring protection to PCM in those individuals

living in endemic areas who have been infected, but

did not develop the mycosis.

With this in mind, immunological investigation

should address the following critical points:

We still do not know what in the host immune

response has failed in those few who develop the

acute/subacute form of the disease. This defect must

be, at one side, sharp enough, because the cellular

immune responses to Pb antigens of these patients are

profoundly depressed and the yeast dissemination

usually causes an overwhelming disease, on the other

side it is subtle enough in that it does not render such

patients prone to other infectious illnesses. In this

regard, recent studies described apparently ‘‘usual’’

TB in persons without predisposition to other unusual

infectious diseases that was, in fact, associated with

inborn defects in the IFN-c/IL-12 pathway of these

persons [83, 84]. These studies have led to the

speculation that conventional TB, and perhaps other

endemic diseases that affect only a small proportion

of the infected population, may be due to subtle, yet

unexplored, defect in this or other immunological

pathway. Alternatively, this clinical presentation

might be due to particularly virulent strains. Cellular

and molecular biology studies are now beginning to

address the putative mechanisms and molecules

associated with the variability in virulence among

Pb strains (up to now studied only in animal models

of PCM) [85–88]. The few attempts of connecting Pb

components (e.g., 1,3-alpha glucan) with the viru-

lence trait have failed [89].

The same holds true with respect to the mecha-

nisms that disturb the apparently clinically silent

equilibrium between host and parasite that have

lasted for many years, sometime decades, and which

led to the progressive development of the chronic

form of the disease.

Finally, one additional important topic that has

been largely overlooked is the study of mechanisms

that lead to development of fibrosis. This represents

one of the major concerns for those who deal with

PCM patients.

In any case, the focus should preferentially be put

in the connection between the innate and adaptive

immunities.
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Dias LA, Anjos AR. Modulatory effect of prostaglandins

on human monocyte activation for killing of high and low

virulence strains of Paracoccidioides brasiliensis. Immu-

nology 2001;102:480–5.

47. Carmo JPM, Dias MLA, Calvi SA, Peraçoli MTS, Soares
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