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SUMMARY

We examined the in vitro fungicidal activity of human neutrophils against conidia and yeast cells of

Penicillium marneffei. Neutrophils showed a small but significant anti-fungal effect against the yeast

form of P. marneffei. Treatment of neutrophils with GM-CSF significantly augmented their anti-fungal

activity. In contrast, the conidia form resisted killing even by stimulated neutrophils. Neutrophil

fungicidal effect was not inhibited by superoxide dismutase (SOD), while the same treatment

significantly suppressed the killing of Candida albicans by GM-CSF-stimulated neutrophils. For

effective killing of P. marneffei yeast cells by GM-CSF-stimulated neutrophils, direct contact between

the two was essential; interference in such interaction by separation using a 0´45-mm-pored membrane

prevented such an effect. Addition of colchicine attenuated GM-CSF-stimulated neutrophil fungicidal

activity in a dose-dependent manner. This effect did not appear to be mediated by interference with

neutrophil mobility toward yeast cells, because similar results were obtained when the cultures were set

in round-bottomed wells which facilitate their direct contact. Finally, granular extracts derived from

unstimulated neutrophils significantly suppressed the growth of microorganisms. Pretreatment of

neutrophils with GM-CSF markedly enhanced this effect. The fungicidal activity of granular lysates was

strongly, but not completely, reduced by heat treatment. Considered together, our results indicate that

GM-CSF-stimulated neutrophils killed the yeast form of P. marneffei present in close proximity,

probably in a superoxide anion-independent mechanism, but through exocytosis of granular enzymes

which were largely heat-labile.
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INTRODUCTION

Neutrophils play a major role in host defence against infection

with extracellularly growing bacteria and certain fungal patho-

gens. Previous in vitro studies have shown that neutrophils exert

anti-fungal activity against Candida albicans [1], Aspergillus

fumigatus [2], Cryptococcus neoformans [3], Histoplasma capsu-

latum [4] and Blastomyces dermatitidis [5].

Penicillium marneffei is an important opportunistic fungal

pathogen known to cause a life-threatening deep-seated systemic

infection in patients with AIDS in South-east Asian countries [6±

10]. The incidence of P. marneffei infection is rapidly increasing

among AIDS patients in Thailand [6]. The latter observation

indicates that host defence against this pathogen is mediated by

cellular immunity. In fact, this was previously demonstrated

experimentally in our laboratory using athymic nude mice [11].

However, little is known about the role of neutrophils in host

defence against P. marneffei infection.

GM-CSF is an acidic glycoprotein with a molecular weight of

22 kD. It specifically binds to neutrophil plasma membranes, and

stimulates the development of both granulocyte and macrophage

colonies and activates neutrophils [12]. In previous studies, GM-

CSF was demonstrated to induce superoxide production, lysozyme

release, phagocytosis of heat-killed yeast cells by neutrophils and

their antibody-dependent cell-mediated cytotoxicity [13], enhance

survival [14], promote cell±cell adhesion and alter surface

receptor expression of neutrophils [15]. GM-CSF also enhances

the killing of Torulopsis glabrata by neutrophils [16].

In the present study we examined the effect of GM-CSF-

stimulated human peripheral blood neutrophils on the in vitro

growth of P. marneffei and demonstrated that such neutrophils

exert a strong killing effect against this fungal pathogen. We also

elucidated the role of superoxide anion, a major killing material,

in the fungicidal effect of GM-CSF-stimulated neutrophils, as well
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as the role of physical contact between neutrophils and the fungal

pathogen and cytoplasmic granular enzymes in this killing.

MATERIALS AND METHODS

Microorganisms and culture conditions

A clinical strain of P. marneffei, designated H1140 and registered

by American Type Culture Collection (ATCC201013), was

isolated from a blood sample of a patient with AIDS in Chiang

Mai University, Chiang Mai, Thailand, and kindly provided by Dr

P. Tharvichitkul. To prepare conidia suspensions, colonies of

P. marneffei were flooded with physiological saline and gently

scraped with a sterile inoculation wire-loop after 7 days of culture

on a potato±dextrose agar (PDA; Eiken, Tokyo, Japan) at 308C, as

reported previously [17]. On the other hand, to prepare inocula of

yeast cells, conidia were incubated in brain heart infusion broth

(BHI; Eiken) at 378C for 7±14 days, as described previously by

Sekhon et al. [18]. After incubation, broth cultures were filtered

through a 10-mm nylon mesh to remove mixed mycelial

fragments and centrifuged at 15 000 g at 48C for 10 min to

separate yeast cells from the culture broth. The obtained yeast

cells and conidia preparations contained , 3% and , 5% of

hyphae under microscopic examination, respectively. To examine

P. marneffei under a light microscope, each fungal element was

stained with lactophenol cotton blue (Muto Pure Chemicals Co.,

Tokyo, Japan). In some experiments we also used C. albicans

(strain RK9232), isolated from a clinical specimen from a patient

with candidial pneumonia at the Ryukyu University Hospital.

Culture medium and reagents

RPMI 1640 medium was purchased from Gibco BRL (Grand

Island, NY), fetal calf serum (FCS) from Whittaker (Walkersville,

MD), superoxide dismutase (SOD) and colchicine from Wako

Pure Chemical Co. (Osaka, Japan). Recombinant human GM-CSF

was kindly provided by Kirin Co. (Tokyo, Japan). Mono-Poly

Resolving Medium was purchased from Dainippon Pharmaceu-

tical Co. (Tokyo, Japan).

Preparation of neutrophils

Neutrophils were prepared by the rapid single-step method [19].

In brief, a heparinized peripheral venous blood sample from a

healthy volunteer was layered over Ficoll±Hypaque medium of

density 1´115 (Mono-Poly Resolving Medium) and centrifuged at

400 g for 30 min at room temperature. Neutrophils in the second

band from the top were collected and then contaminating

erythrocytes were lysed by osmotic shock with 0´17 m NH4Cl.

After washing three times with ice-cold RPMI 1640 supplemented

with 5% FCS, the cells were counted with a haemocytometer.

May±Giemsa-stained cytospin preparations of the obtained cell

suspensions typically showed . 95% neutrophils, , 4% eosino-

phils and , 3% mononuclear cells. Cell viability, as assessed by

trypan blue exclusion, was always . 98%.

Killing assay

Neutrophils were dispensed in triplicate at 1 � 105 cells/well in

200 m l each in 96-well flat- or round-bottomed microculture

plates (Falcon no. 3072; Becton Dickinson, Lincoln Park, NJ).

These cells were co-cultured with 1 � 103 colony-forming units

(CFU)/well of P. marneffei or C. albicans with or without 10 ng/

ml of GM-CSF in a 5% CO2 incubator. In some experiments we

investigated the importance of direct contact between micro-

organisms and neutrophils in neutrophil killing. For this purpose,

neutrophils and P. marneffei were cultured in 24-well culture

plates (Falcon no. 3047; Becton Dickinson), separated by a 0´45-

mm pore membrane (Millicell-HA; Millipore Corp., Bedford,

MA). The microorganisms were harvested 24 h later by washing

each well with 1´0 ml of distilled water. The samples were

inoculated at 50 m l on PDA plates after appropriate dilution with

distilled water and cultured at 308C for 2 days. The number of

viable colonies was counted and multiplied by the dilution factor.

In the present study neutrophils were considered to be the main

killers of extracellular microorganisms, because any opsonins

such as complement and antibody were not added to the cultures.

Preparation of granular extract

Granular lysate was extracted from human neutrophils using the

method described by Panyutich et al. [20]. Briefly, neutrophils

were suspended at 108/ml in ice-cold 0´34 m sucrose adjusted to

pH 7´4. The cell suspension was sonicated and then unbroken

cells and nuclei were removed by centrifugation at 200 g for

10 min. Granular pellets were collected by centrifugation at

13 000 g for 30 min at 48C. For extraction, granules were

resuspended in 0´3 ml of 0´01 m citric acid pH 2´7 and stirred

for 2 h at 48C. In other experiments, to examine the influence of

heat treatment, granular lysates were boiled for 10 min after

extraction. Granule-free extraction buffer was also used as a

control.

Statistical analysis

Data were expressed as mean ^ s.d. The unpaired Student's t-test

was used to compare differences between groups. P , 0´05 was

considered significant.

RESULTS

Fungicidal activity of GM-CSF-stimulated neutrophils against

P: marneffei

To examine the effect of neutrophils on the growth of

P. marneffei, two types of microorganisms, yeast cells and

conidia, were cultured with neutrophils in the presence or absence

of GM-CSF and the number of viable organisms was counted. The

number of P. marneffei yeast cells remained constant or slightly

decreased in control culture media during the observation period.

In contrast, the number started to decrease at 3 h when yeast cells

Table 1. Different susceptibilities of yeasts and conidia of

Penicillium marneffei to GM-CSF-activated polymorpho-

nuclear neutrophils (PMN)

Without GM-CSF With GM-CSF

Yeast 1280 ^ 196² 568 ^ 138*

Conidia 1356 ^ 176 1396 ^ 192**

² Yeasts or conidia of Penicillium marneffei (1 � 103)

were cultured with PMN with or without GM-CSF (10 ng/

ml). After 24 h, the number of live microorganisms was

counted. Results are expressed as mean colony-forming

units (CFU) ^ s.d. of triplicate cultures.

* P , 0´05 compared with no GM-CSF group.

** Not significant compared with no GM-CSF group.
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were cultured with neutrophils, and the lowest number was noted

at 12±24 h [21]. As shown in Table 1, neutrophils significantly

reduced the number of viable yeast cells compared with that of

microorganisms in medium alone after 24 h of culture, and GM-

CSF markedly enhanced this effect. In contrast, the conidia form

of P. marneffei was resistant to the anti-fungal activity of both

unstimulated and GM-CSF-stimulated neutrophils. These results

indicate that yeast cells were more susceptible to the killing effect

of neutrophils than conidia. Therefore, in the following experi-

ments we used the former type of P. marneffei. This form is

usually detected in clinical samples from patients with penicillio-

sis marneffei.

Neutrophil fungicidal activity against P: marneffei is largely

mediated by a superoxide-independent mechanism

Superoxide anion is well documented as a major effector molecule

in neutrophil killing mechanisms against microbial agents. To

examine whether superoxide anion is involved in the killing

activity of neutrophils, P. marneffei were cultured with GM-CSF-

stimulated neutrophils in the presence or absence of SOD, a

scavenger of this oxygen radical. As shown in Table 2, GM-CSF-

activated neutrophils exerted a significant fungicidal activity

against P. marneffei compared with unstimulated neutrophils. This

effect was not influenced by the addition of 0´2 mg/ml of SOD.

The same treatment also did not show any influence on the

0 200 400 600

CFU/well

Lower chamber Upper chamber Stimulus

P. marneffei (–) (–)

P. marneffei + PMN (–) (–)

P. marneffei + PMN (–) GM-CSF

P. marneffei PMN (–)

P. marneffei PMN GM-CSF

Fig. 1. Contact-dependent killing of Penicillium marneffei by neutrophils. The culture was set in 24-well double chambers separated by a

membrane of 0´45-mm pores. Penicillium marneffei yeast cells (1 � 103) were cultured in the presence of 10 ng/ml of GM-CSF in the lower

chamber with or without neutrophils (1 � 105) in the lower or upper chamber in a volume of 1´0 ml for 24 h, and then the number of live

microorganisms was counted. Each bar represents the mean ^ s.d. of triplicate cultures. PMN, Polymorphonuclear neutrophils.
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Fig. 2. Effect of colchicine on the killing of Penicillium marneffei by GM-

CSF-stimulated neutrophils. Penicillium marneffei yeast cells (1 � 103/

well) were cultured in 96-well flat culture plates with or without

neutrophils (1 � 105/well), pretreated with or without the indicated

concentrations of colchicine for 30 min, in the presence or absence of

10 ng/ml of GM-CSF. After 24 h the number of live microorganisms was

counted. Each bar indicates the mean ^ s.d. of triplicate cultures. 1,

Medium alone; 2, neutrophils; 3, neutrophils 1 GM-CSF; 4, neutrophils

1 GM-CSF 1 colchicine (0´1 mm); 5, neutrophils 1 GM-CSF 1 colchi-

cine (0´25 mm); 6, neutrophils 1 GM-CSF 1 colchicine (0´5 mm). *P

, 0´05.

Table 2. Effect of superoxide dismutase (SOD) on GM-CSF-

induced polymorphonuclear neutrophil (PMN) killing activity

against Penicillium marneffei

P. marneffei Candida albicans

No stimulant 11 718 ^ 242² 35 332 ^ 2298

GM-CSF 4810 ^ 1222* 1708 ^ 673*

GM-CSF 1 SOD 3828 ^ 152** 20 372 ^ 5714***

² Penicillium marneffei yeast cells or C. albicans (2 � 104)

were cultured with PMN with or without GM-CSF (10 ng/ml) in

the presence or absence of SOD (0´2 mg/ml). After 24 h the

number of live microorganisms was counted. Results are expressed

as mean colony-forming units (CFU) ^ s.d. of triplicate cultures.

* P , 0´05 compared with no stimulant group.

** Not significant compared with GM-CSF group.

*** P , 0´05 compared with GM-CSF group.
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anti-fungal capacity of unstimulated neutrophils (data not shown).

In striking contrast, the fungicidal effect of GM-CSF-stimulated

neutrophils against C. albicans was significantly inhibited by the

same dose of SOD.

Importance of direct contact in neutrophil-induced killing of

P: marneffei

To investigate further the fungicidal mechanism of neutrophils

against P. marneffei, cultures of yeast cells and neutrophils were

set in two chambers separated by a membranous septum. The

septum acted as a physical barrier to cell movement between the

upper and lower chambers but allowed the diffusion of

macromolecules as large as 0´45 mm. As shown in Fig. 1, the

number of fungal pathogens significantly decreased when cultured

with neutrophils in the same chamber. In contrast, when the two

components were cultured separately in the lower and upper

chambers, no significant decrease in the number of viable colonies

was observed. These results indicate that the killing of

P. marneffei by GM-CSF-activated neutrophils was dependent

on physical contact or close interaction between the fungus and

neutrophils.

Inhibition of neutrophil fungicidal activity against P: marneffei

by colchicine

In the next experiments, we elucidated further the mechanism of

fungicidal activity by examining the effect of colchicine treatment

on the killing of P. marneffei by GM-CSF-stimulated neutrophils.

As shown in Fig. 2, such treatment significantly inhibited the

fungicidal activity of neutrophils against P. marneffei in a dose-

dependent manner. This inhibition was not due to the cytolytic

effect of this agent, because the viability of neutrophils remained

. 93% 24 h after treatment with the highest dose (0´5 mm) of

colchicine, and there was no significant difference in the viability

of neutrophils between colchicine-treated and untreated groups

(data not shown). These results suggest that exocytosis of

neutrophil granular enzymes may be involved in the killing of

P. marneffei by GM-CSF-stimulated neutrophils. Alternatively,

Table 3. Killing effect of granular lysates from human poly-

morphonuclear neutrophils (PMN)

CFU/well²

Vehicle³ 1286 ^ 314

Lysate from non-activated PMN 326 ^ 43*

Lysate from PMN activated by GM-CSF 24 ^ 13**

² Penicillium marneffei yeast cells (1 � 103) were exposed

to lysate extracted from PMN with or without 24 h preactiva-

tion by GM-CSF (10 ng/ml). After 24 h the number of live

microorganisms was counted. Results are expressed as mean

colony-forming units (CFU) ^ s.d. of triplicate cultures.

³ The vehicle of lysate, 0´01 m citric acid solution, was

added as a control.

* P , 0´05 compared with vehicle group.

** P , 0´05 compared with non-activated group.

Table 4. Influence of heat treatment against granular lysates on the killing

effect

CFU/well²

Vehicle³ 1717 ^ 160

Lysate from non-activated PMN 54 ^ 8

Heat-treated lysate from non-activated PMN 853 ^ 47*

Lysate from PMN activated by GM-CSF 29 ^ 2

Heat-treated lysate from PMN activated by GM-CSF 884 ^ 46**

² Penicillium marneffei yeast cells (1� 103) were exposed to lysate

with or without boiling for 10 min after extraction from polymorpho-

nuclear neutrophils (PMN) in the presence or absence of 24 h preactivation

by GM-CSF (10 ng/ml). After 24 h the number of live microorganisms

was counted. Results are expressed as mean colony-forming units

(CFU) ^ s.d. of triplicate cultures.

³ The vehicle of lysate, 0´01 m citric acid solution, was added as a

control.

* P , 0´05 compared with lysate from non-activated PMN group.

** P , 0´05 compared with lysate from PMN activated by GM-CSF

group.
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Fig. 3. Effect of colchicine on neutrophil fungicidal activity. In 96-well

flat- (a) or round- (b) bottomed culture plates, Penicillium marneffei yeasts

(1 � 103/ml) were cultured with or without neutrophils (1 � 105/ml) and

GM-CSF (10 ng/ml) in the presence or absence of 0´5 mm colchicine.

After 24 h, the number of live microorganisms was counted. Each bar

indicates the mean ^ s.d. of triplicate cultures. 1, Medium alone; 2,

neutrophils; 3, neutrophils 1 colchicine; 4, neutrophils 1 GM-CSF; 5,

neutrophils 1 GM-CSF 1 colchicine. *P , 0´05.
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colchicine might hinder neutrophil migration toward the yeast

cells in culture wells. This conclusion is based on previous studies

by Valerius [22], who demonstrated inhibition by colchicine of

cell locomotion through the blockade of cytoskeleton function. To

examine this possibility, we conducted similar experiments in

round-bottomed culture wells. Such wells facilitate direct contact

between neutrophils and microorganisms and lessen the impor-

tance of cell migration. As shown in Fig. 3a,b, colchicine

treatment significantly inhibited the fungicidal activity of both

unstimulated and GM-CSF-stimulated neutrophils against P. mar-

neffei in the round-bottomed culture wells, in a manner similar to

that seen in flat-bottomed culture wells. These results indicate that

the inhibitory effect of colchicine was not due to interference with

neutrophil locomotion toward microorganisms.

Fungicidal activity of granular extracts against P: marneffei

Finally, to confirm the involvement of exocytosed material from

neutrophil granules in the fungicidal activity of neutrophils, the

effect of granular extracts obtained from neutrophils against

P. marneffei was examined. As shown in Table 3, the number of

live yeast cells significantly decreased when they were exposed to

lysates derived from unstimulated neutrophils, compared with that

of microorganisms incubated with the lysing buffer (vehicle) only.

This effect was further enhanced by stimulation of neutrophils

with GM-CSF prior to extraction of granular lysates. In addition,

the fungicidal activity of granular extracts from GM-CSF-

stimulated neutrophils was strongly but not completely attenuated

by heat treatment (Table 4). These results indicate that the

fungicidal activity of GM-CSF-stimulated neutrophils against

P. marneffei was mediated largely by heat-labile and in part by

heat-stable granular enzymes.

DISCUSSION

Penicillium marneffei is a dimorphic fungus which grows in a

hyphal form and bears conidia under culture conditions at 308C,

but converts to a yeast form at 378C [23]. Although infection is

acquired by inhalation of the conidia, the yeast cell is usually

found in clinical specimens because of its conversion at the sites

of infection [24]. In the present study we compared the

susceptibility of conidia and yeast cells with the fungicidal effect

of GM-CSF-stimulated neutrophils. Our data confirm that yeast

cells, but not conidia, were highly susceptible to the killing of

these cells. Similar results were obtained in our previous studies

[25,26] demonstrating the differential susceptibility of these two

forms of P. marneffei to the nitric oxide-dependent fungicidal

effect by mouse macrophages stimulated with interferon-gamma

(IFN-g). Conidia and yeast cells have different cell surface

structural characteristics, as demonstrated in previous studies

using electron microscopy [27,28]. Chan & Chow [27] demon-

strated the presence of a rough outer surface in the yeast form of

P. marneffei, but not in conidia. Furthermore, they also identified

the presence of a thin cell wall in the yeast form compared with a

thick wall in conidia. Thus, the different susceptibilities of these

fungal forms to neutrophils may be due to these structural

differences.

In previous studies [29] GM-CSF was shown to extend the

survival time of neutrophils. These findings suggest that the

enhanced neutrophil anti-fungal activity by GM-CSF may be

mediated by this non-specific mechanism rather than by

increasing their fungicidal activity. To exclude the role of such

mechanisms in our study, we examined the viability of these cells

in the presence or absence of this cytokine using the trypan blue

exclusion method. GM-CSF did not increase the number of

neutrophils during 24-h culture. In addition, the viability of these

cells was . 96% at 24 h after culture and treatment with this

cytokine did not influence survival (unpublished data). These

results indicate that cytokine-associated enhancement of neutro-

phil anti-fungal activity is not mediated by prolongation of the

survival time of these cells.

Neutrophils exert their fungicidal effect through two main

mechanisms [30]. The first is mediated by reactive oxygen

intermediates, such as superoxide anion, produced by activated

phagocytes, while the second is due to the action of anti-microbial

components exocytosed from the cytoplasmic granules, such as

cationic proteins, lysozyme, lactoferrin, acid phosphatase, b -

glucuronidase and elastase. Our results indicate that the killing

mechanism of GM-CSF-stimulated neutrophils on P. marneffei

was not mediated by a superoxide-dependent mechanism, because

SOD failed to inhibit the anti-fungal activity of GM-CSF-

stimulated neutrophils. In striking contrast, the fungicidal activity

of GM-CSF-stimulated neutrophils against C. albicans was

strongly associated with the former mechanism, because this

activity was strongly inhibited by treatment with SOD. Similar

results were reported by Diamond and co-workers [31]. These

results suggest the involvement of oxygen-independent mechan-

isms in the GM-CSF-induced fungicidal activity of neutrophils

against P. marneffei.

We have recently reported the important role of direct contact

between neutrophils and P. marneffei yeast cells on the anti-fungal

effect of neutrophils [21]. Using a phase-contrast microscope, we

found that GM-CSF-stimulated neutrophils were in close

proximity to yeast cells and aggregated around them during the

killing process. These observations suggest the importance of

close contact between neutrophils and P. marneffei for the

expression of fungicidal effect. This observation was compatible

with our present data indicating that the anti-fungal activity of

GM-CSF-stimulated neutrophils was abrogated by interfering with

the direct contact between these two cellular components using a

0´45-mm pored membrane. Taken together, these results indicate

that neutrophils exert their fungicidal activity through a direct

binding or migration towards the yeast cells. Although the precise

mechanism of this phenomenon remains to be elucidated, physical

interaction of neutrophils with the fungal surface might be

important for expressing their fungicidal effect, because early

responses of neutrophils, such as membrane depolarization,

increase in cytosolic calcium and phosphoinositide turnover, have

been reported to occur after triggering of their surface molecules

by certain fungal components, a process usually followed by the

release of both fungicidal granule constituents and oxidant from

the respiration burst [32].

To characterize further neutrophil fungicidal mechanisms, we

used colchicine, which binds to tubulin and inhibits its

polymerization [33]. Our data indicated that this agent signifi-

cantly suppressed the fungicidal activity of GM-CSF-stimulated

neutrophils against P. marneffei in a dose-dependent manner.

There are two possible mechanisms that might explain this effect:

(i) inhibition of neutrophil secretion of granular cytolytic material,

and/or (ii) suppression of neutrophil migration towards target

cells. In the present study we provided direct evidence in support

of the former mechanism and that the latter mechanism was

unlikely to explain the observed colchicine effect. Thus, a similar
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suppression of neutrophil fungicidal activity by colchicine was

noted when cultures were set in flat- and round-bottomed wells.

These findings suggest the involvement of granular material in the

fungicidal activity of GM-CSF-stimulated neutrophils. We also

provided evidence which strongly supports the notion that

granular lysates prepared from neutrophils strongly inhibit the

growth of fungal pathogens.

Neutrophil cytoplasmic granules store numerous anti-micro-

bial components of the oxygen-independent system, which

include both cytotoxic proteins and peptides, such as lactoferrin,

serprocidins, protegrins, lysozyme, calprotectin and defensins

[34]. These proteinaceous cytotoxic molecules are known to have

anti-fungal capacity. Diamond et al. reported that lysozyme

damaged hyphae of A. fumigatus and Rhizopus oryzae [35].

Defensins, rich in the azurophilic granules, were shown to express

a potent killing activity against C. neoformans [36]. Interestingly,

several investigators demonstrated that GM-CSF induced lyso-

zyme secretion by neutrophils [13], promoted cell±cell adhesion

through enhanced expression of b2-integrins on their surface [15]

and enhanced the neutrophil fungicidal activity against T. glabrata

[16]. In our study the fungicidal activity of granular lysate was

significantly abrogated by heat treatment, but was partially

resistant to this treatment, indicating that the granular fungicidal

materials consisted largely of heat-labile molecules. At the

moment however it remains to be determined which molecules

are responsible for the neutrophil anti-fungal activity against

P. marneffei.

In conclusion, the fungicidal effect of GM-CSF-stimulated

neutrophils is produced by physical interaction of these cells with

the yeast form of this microorganism. The effect is mediated by

exocytosis of the granular cytolytic molecules from neutrophils

rather than by oxygen radical-dependent mechanisms. Further

studies to define the precise mechanism of this effect might

contribute to the development of effective therapy against

intractable penicilliosis marneffei in patients with AIDS.
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