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ABSTRACT

Candida albicanss a potent activator of the complement system, and heat labile opsonins produced by
activation of C3 (C3b and iC3b) enhance phagocytoss albicansmediated by complement receptors.

In this study we treated mouse serum with supernatants from cultures of a protease producer strain of
C. albicansand evaluated the ability of this serum to enhance phagocyto€ls abicans Cell-free
supernatants from cultures ©f albicanswere concentrated 5 fold and added to mouse serum for 30 min at
37°C, before using this serum for opsonization of glutaraldehyde-fixed yeast cells. We observed that normal
mouse serum increased about 3 fold the phagocytosis abicansby mice peritoneal macrophages,
whereas supernatant-treated serum did not increase phagocytosis. This effect of supernatants on serum was
prevented by addition of pepstatin (5 pg/ ml; an inhibit@ .ailbicansacid proteases) to the medium. Serum
treated with supernatants from cultures of a protease-deficient mutanalbicansalso increased about 3

fold phagocytosis of the yeast. These results suggest that a protease prodGcealbiganscauses
proteolysis of serum opsonins, thereby reducing the phagocytosis of the yeast.
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INTRODUCTION facilitate adherence (2,13) and growth (30Co#albicans and
seem to increase its invasiveness of epithelial and other tissues
Systemic candidiasis and chronic mucocutaneoy2). Moreover, proteinase antigen was detected on blastoconidia
candidiasis are common clinical forms @andida albicans cells after 30 min in culture medium containing 10% fetal calf
infection in the compromised host (1,28). albicansis now serum and after 30 min of co-incubation with phagocytes (3). In
the fourth leading cause of nosocomial bloodstream infectioagprevious work (4), we observed a significant reduction of the
(10), and disseminated candidiasis has increased dramaticaiBbility of macrophages coincubated with albicansfor 30
as a result of widespread use of chemotherapeutic drugsn, at a time when the phagocytosed yeast had not yet formed
indwelling catheters, and certain kinds of surgical and othgerm tubes inside the macrophages. Furthermore, incubation
medical procedures (5). The increase in clinical importance of macrophages with supernatants from cultures. @ibicans
C. albicansand diagnostic, treatment, and prevention enigmadso reduced their viability. Addition of albumin or pepstatin to
associated with disseminated candidiasis, are reasons to dahsmmedium counteracted this cytotoxic effect of supernatants,
an understanding of the interaction between this microorganideading us to suggest that albumin either acted as a substrate
and host defense systems. for the proteases, or blocked the action of proteases by forming
Several authors have suggested that proteases secreted mpmplex with them or by binding to the surface of
C. albicansact as virulence factors; such proteases seemrmcrophages.
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In this study, we tested the hypothesis that a protease pregeatreated supernatant concentrated 5 fold through a membrane
in supernatants fron€. albicansculture could reduce the concentrator d) NMS pretreated with supernatant concentrated
opsonic activity of serum, and consequently decrea&dold and then diluted 5 fold e)NMS diluted in RPMI to contain

phagocytosis of. albicansvia complement receptors. a final concentration of either 2.5 pg or 5 pg of pepstatin (Sigma
Chem Co) per ml. AllNMS sample dilutions were equivalent to
MATERIALS AND METHODS 250 pl of NMS plus 750 pl of RPMI.
Candida albicansculture Phagocytosis assay

Candida albicansstrain 577 was maintained at room The peritoneal exudate from Swiss mice pretreated with
temperature in Sabouraud dextrose agar. This strain was isolé&dthioglycollate medium was collected with 4ml RPMI medium
from a patient with mucocutaneous candidiasis and kindls described previously (3). The cells (2 ] Wgere allowed to
provided by Prof. Luis Rodolfo Travassos (Escola Paulista @elhere to coverslips for 1h at 37°C and nonadherent cells were
Medicina, S&o Paulo, Brazil). For phagocytosis experimentgmoved. One ml oC. albicans(10’) was added to the
ten loopfulls of this culture were aseptically transferred to anonolayer of peritoneal macrophages and incubated at 37°C
Erlenmeyer flask containing 100ml Sabouraud dextrose and foe 1h. The phagocytic index was evaluated by counting 200
yeast was grown for 24h at 25°C. Yeast cells were then harvestetrophages per each sample in a Nikon microscope after
by centrifugation (150 X G for 5min), washed three times istaining with hematoxylin-eosin. The phagocytic index (PI)
sodium phosphate buffered saline (PBS; pH 7), fixed overniglvas calculated as the percent of macrophages containing one
in 1% glutaraldehyde at 4°C, and washed ten times in PBS. more yeast cells times the mean number of yeast per
More than 95% of harvested cells were in the yeast form, whiotacrophage (6).
were maintained at -4°C for the phagocytic assays. A proteinase
deficient mutant o€. albicang(strain FCF14-1) was also usedDetection of Protease production byandida albicans
in this work, and it was grown as described above; this strain Briefly, protease secretion was tested by applying disks of
was a kind gift from Prof. M.T. Shimizu (Department offilter paper containing adsorb& albicansonto basic culture
Pathology, Universidade Estadual Paulista “Julio de Mesquitgedium plates; presence of a clear halo around the filter paper

Filho” UNESP, S&o José dos Campos, SP, Brazil). disks, after staining with amido black (1%, Sigma), reveals
degradation of albumin. Basic culture medium according Shimizu
Preparation of C. albicanssupernatant et al (27), contained 2g of sucrose ( Merck, Germany), 0.3g

C. albicanscells were washed in PBS and suspended®at 1$bdium nitrate (Merck), 0.1g dibasic potassium phosphate
cells/mlin RPMI medium (Sigma Chem Co, St. Louis, MO) anfMerck), 0.05g magnesium phosphate (Merck), 0.05g potassium
incubated at 37°C for 2h (4). Cell — free supernatant from thdkloride (Merck), 0.001g ferrous sulfate (Merck) and 1.5g agar
culture was obtained by centrifugation at 150 X G for 10min @Difco), made up to 100ml with water. The final pH of the medium
4°C, followed by passage through 0.45 um filters (Millipore Corpyas 3.5. Gentamicin (80 pg/ml) and albumin (1% final
Boston MA). The supernatant was concentrated about 5-faldncentration) were added to the cooled medium; albumin (5%
by ultrafiltration with PM 10 diaflo membranes (Amicon Corpbovine serum albumin, Fraction V; Sigma) was sterilized by

Lexington, MA) and used immediately. ultrafiltration (0.20 pm filters, millipore). The plates were
incubated overnight at 37°C to test sterilfy.albicansgrown
Sera as described above was adsorbed on sterile disks of filter paper

Normal mouse serum (NMS) was obtained from Swiss miceontaining chloramphenicol, and these disks were applied onto
The mice were exsanguinated through the brachial plexus unttex plates, which were then incubated for one week at 37°C.
ether anesthesia, and whole blood was allowed to clot for 60
min on ice and centrifuged at 150 X G for 10 min at 4°C. Serutatistics
was removed and used immediately for opsonizatio@.of For statistics the program GB-STAT (Dynamic Microsystems,
albicans As a control, serum was inactivated by heating &ilver Spring, MD) was used; significance of the difference
56°C for 30min (HIMS). between means was evaluated by Student’s t test.

Opsonization ofCandida albicans RESULTS

Opsonization was performed by adding 100 pl of NMS to
10’ C. albicanscells in 900 pl of RPMI medium containing 1%  Opsonization ofC. albicanswith NMS caused an increase
albumin for 30 min at 37°C . NMS used for opsonization was about 3 fold on its phagocytosis as compared. talbicans
either, a) positive control (250 pl NMS plus 750 ml RPMI), bpre-incubated in RPMI . However, treatment of NMS with
NMS pretreated witlC. albicanssupernatant, or c) with NMS supernatant ofC. albicansculture abolished this serum-
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dependent increase of phagocytosis. Heat-inactivated serum,

was also ineffective in increasing yeast phagocytosis (Fig. 1). <y
This reduction of the opsonic activity of the serum by 3°07 By Xy

supernatants front. albicanscultures was dose-dependentx 300 -

and was counteracted by pepstatin. Although pepstatin ata,s | >

concentration of 2.5 pg/ml did not block completely this effe 5 200 By

of supernatants, NMS treated with supernatants in a medig

containing 5 pg/ml of pepstatin presented no reduction ¢ 1507 |+

opsonic activity. Furthermore, NMS treated with supernatanf@ 100

from cultures of a protease deficient mutantoélbicansalso

presented no reduction of opsonic activity (Fig. 2).
Cultures ofC. albicansemployed in these experiments were

routinely applied onto the basic medium plates for detection of

protease secretion, and confirmed that the two strains

=
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maintained their characteristics concerning protease secretion Standard Deviation W Phagocytic Index
during the experiments, that is, one strain was protease producer
and the other was protease deficient (Fig. 3). Figure 2.Inhibition by pepstatin of the effect of supernatants

from Candida albicanscultures on the opsonic activity of
normal mouse serum (NMS). (&). albicanspre-incubated
with RPMI medium (negative control). (B) through (E), NMS

4001 K pretreated with: (B) supernatant; (C) supernatant pre-
_ incubated with pepstatin (2.5 pug-#il (D) supernatant pre-
Shed QP incubated with pepstatin (5 ug 8 (E) supernatant from
% 3001 cultures of a protease deficient mutant str&n.albicans
B 50 e were opsonized for 15 min with those preparations of NMS
° =y and then co-incubated with mouse peritoneal macrophages
=-;200' for one hour at 37°C. Results are expressed as the mean
8 150- e “ ] phagocytic index + SD for at least five experiments; p<0.05
2 100 2 forDorEvs. AorB.
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Figure 1. Effect of supernatants fro@andida albicansultures

on the opsonic activity of normal mouse serum (NNS)
albicanswere pre-incubated with: (A) 2.5% NMS; (B) NMS
pretreated with supernatant; (C) NMS pretreated wit
supernatant concentrated 5 fold througimambrane
concentrator; (D) NMS pretreated with supernatant concentral
5 fold and then diluted 5 fold; (E) NMS pretreated witt
supernatant concentrated 5 fold and then diluted 10 fold; (
2.5% heat-inactivated mouse serum; or (G) RPMI medium
(negative control) for 15min at 37°C. These preparatioi@ of Figure 3. Proteinases production I6y. albicans 1- Colonies
albicanswere then co-incubated with mouse peritonealf C. albicansare on disks of filter paper at the center of the
macrophages adhered to coverslips for one hour at 37°C andglade and a clear zone produced by degradation of albumin can
phagocytic index was determined. Results are expressed asi@bserved around strain 577 but not around strain FCF14-1.
mean phagocytic index + SD for at least seven experiments; ke undigested albumin has been precipitated with 2N acetic
0.05 for A vs. any other experimental group and for Bvs. C. acid and stained with a solution of amide-black (19%).
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DISCUSSION proteases activity is one of the virulence factors. In agreement
with these previous reports, we observed that supernatants
Studies employing experimental models@f albicans  from a protease deficient mutant®f albicansdid not reduce
infection show that the complement system plays an importajgrum opsonic activity. Elimination @. albicansfrom an
role in resistance to disseminated candidiasis; for instanggfected host requires the cooperation of Thi cells and
guinea pigs treated with cobra venom factor, which reduces figagocytes (31). Concanavalin-A is a lectin that by binding
amount of complement in the serum, have a higher rate difectly to CD3 or TCR on the surface of Th1 cells cause activation
mortality than untreated animals in response€Ctalbicans of these cells with release of cytokines such as interfgron-
infection (9). Analysis of the kinetics for activation and bindinghterleukin-2 and tumor necrosis fac®i23) and results from
of C3 fragments t€. albicanslastoconidia showed very rapid our laboratory showed that treatment with this immunomodulator
deposition of C3 onto the yeast cells by classical pathwgyable to activate macrophages which were more efficient to
activation, and similar end results were also found, but wighagocytose and to kill this strain ©f albicanscompared to
slower deposition of C3, by the alternative pathway (16,173ontrol macrophages (8,20), avoiding the production of
Previous studies from our laboratory and by other investigatajigulence factors by this pathogen. Because there is no evidence
(8,11,19,21,25) have demonstrated that opsonins frofiat activation of complement can ly@ealbicans participation
complement deposited on the surfac€ adilbicanscan enhance of opsonins from complement seems essential to facilitate
its phagocytosis by polymorphonuclear neutrophils and Qfgestion of the pathogen by phagocytes and its possible
macrophages. In this study we observed a three fold incregfitng. Therefore, these results suggest that proteases secreted
of phagocytosis whe@. albicanscells were opsonized with py C. albicanscan be a virulence factor that decreases serum
normal mouse serum, compared with phagocytosis in absergfonic activity, and consequently reduces phagocytosis via
of serum, whereas heat-inactivated serum did not cause sdgfplement receptors, thereby facilitatdgalbicanssurvival
an increase of phagocytosis. On the other hand, treatmeniff its colonization of host tissues and organs, especially in
serum with supernatants froth albicanscaused a significant immunocompromised patients.
dose-dependent reduction of phagocytosis of yeast cells, that
is, a reduction of the opsonic activity of serum. Addition of ACKNOWLEDGMENTS
pepstatin, an inhibitor of. albicansacid protease (7,26),
counteracted this reduction of serum opsonic activity by culture we are grateful to Vania Darc de Castro (Departamento de
supernatants. Moreover, treatment of serum with supernatagigncias Patolégicas, Universidade Estadual de Londrina) for
from cultures of a protease deficient mutant did not reduce {schnical assistance.
opsonic activity. These results suggest that the observed
reduction of opsonic activity was due to degradation of RESUMO
complement molecules by a protease present in the culture
supernatants, and they are corroborated by a previougratamento de soro com sobrenadante de cultura de
observation that supernatant frdfn albicansculture break Candida albicanseduz a fagocitose soro-dependente
down complement C3 molecules and caused a clear reduction
in the bactericidal activity of human serum agaltstherichia Candida albicansé um potente ativador do sistema
coli (12). complemento, e opsoninas labeis ao calor produzidas por
C. albicansis considered the most virulent yeast in thativacdo de C3 (C3b e iC3b) aumentam a fagocitoseé. de
genusCandidaand can cause a variety of infections in humarelbicans mediada por receptores de complemento. Neste
and in animals (7,22,28). In human immunodeficiency virusstudo, tratamos o soro de camundongo com sobrenadante
(HIV)-infected individuals, up to 90% suffer from mucosalde culturas de uma cepa@ealbicansprodutora de proteases
candidiasis at least once in the course of their disease (15¢ Hvaliamos a capacidade deste soro reduzir a fagocitose de
has been demonstrated ti@at albicansisolates from HIV- C. albicans Sobrenadantes livres de células obtidos de cultura
positive group produced higher level of aspartyl proteinaske C. albicansforam concentrados 5 vezes e adicionados ao
compared with that of isolates from the control group, and wesero de camundongo por 30 minutos a 37°C, antes deste soro
also less susceptible to the widely used azole antifungal agesgs usado para opsonizagédo @ealbicansna forma de
ketoconazole and fluconazole (24). However, treatment wikbvedura e fixadas em glutaraldeido. Nés observamos que soro
human immunodeficiency virus (HIV) proteinase inhibitorsiormal aumentou 3 vezes a fagocitoseCdealbicanspor
saquinavir and indinavir reduced virulence phenotype imacd6fagos peritoneais, enquanto que o soro tratado com
experimental candidiasis (15). On the other hand, proteasgbrenadante ndo aumentou a fagocitose. Este efeito do
deficient mutants have lower virulence for mice than the proteasebrenadante sobre o soro foi evitado por adicdo de
producer parents (14,18,28), supporting the evidence thppistatina (5 pg/ml; um inibidor de proteinase acida) ao meio.
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Soro tratado com sobrenadantes de culturas de um mutdrte Kondoh, Y.; Shimizu, K.; Tanaka, K.; Proteinase production and

de C. albicangdeficiente em producao de proteinase também
aumentou em 3 vezes a fagocitose da levedura. Estes
resultados sugerem que uma proteinase produzid&porls.
albicanscausa protedlise de opsoninas do soro, desta maneira
reduzindo a fagocitose da levedura.

Palavras-chavesCandida albicansfagocitose, proteinase 16.
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