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Effect of Pathogenic Yeasts on Human Platelet Aggregation

Teresinha de Jesus Carvalho Neiva Federal University of Santa Catarina, Centre of Health
and Jairo Ilvo dos Santos Science, Florianépolis, SC, Brazil

We investigated the effects dfandida albicansCryptococcus neoformarend the respective
culture supernatants on human platelet aggregation (PA). Both yeasts were unable to aggregate
the platelets directly. On the other hand, cells of these yeasts significantly (P < 0.01) inhibited PA
at concentrations equal to or higher than 1 x 1%cells/mL for C. albicansand equal to or higher
than 1 x 10 cells/mL for C. neoformansWhen the supernatants of one-week broth cultures were
added to the activated platelets no inhibition in aggregation was observed. Apparently somatic
components of these yeasts, but not their metabolic products, exert an antagonistic effect on the
aggregation of human platelets, possibly aiding the fungi in their evasion of the microbicidal
defense system during vascular dissemination.
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Platelets are blood components that participate in  The mechanisms by which fungal pathogens initiate
physiological as well as pathological processes, suckascular infections are believed to be complex, and
as homeostasis, thrombosis, atherosclerosis atley involve interactions of fungal cells with plasma
infections [1-4]. In platelet aggregation (PA), the components, e.g., fibronectin [15], endothelial cells [16]
platelets interact with each other to form a hemostatiand platelets [17], and avoidance of plasma host
plug or thrombus. This process can be triggémed defenses, such as complement and phagocytosis.
vitro by mixing fresh platelets with agonists, such asPlatelet activation also releases inflammatory mediators,
collagen or adenosine diphosphate (ADP), whiclke.g., arachidonic acid metabolites and platelet
activate the resting platelets [5]. microbicidal proteins [5,18]. Hence, fungal cells can

Many fungal species, or their products, can interferenteract with blood components, including those
directly in platelet functions. The inhibition of PA, associated with hemostasis processes.
induced by components present in extracts of moulds Therefore, we evaluated the effecCofalbicans
and mushrooms, is well known [6-10]. In addition,and C. neoforman<ells, as well as their culture
pathogenic fungi, like the yea§tandida albicanand  supernatants on human PAvitro.

Cryptococus neoformansan cause infections that

are particularly severe in immunocompromisedMaterials and Methods

individuals [11, 12]. During fungal infection, these

patients are under increased risk for fungal proliferatiolRReagentCollagen and ADP were purchased from
in their blood and further vascular dissemination [13,14]Chronolo. Corp., USA, while the remaining reagents
Received on 15 Mag003;revised 08August 2003. were purchased from Sigma (USA).
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the yeast cells were suspended in sterile saline, counteere considered significant when the probability was
in a haemocytometer and were diluted to variou® < 0.05. The statistical program INSTAT-2 was
concentrations of 1 x ¥Go 1 x 10 cells/mL. utilized.
Supernatants were also obtained from one-week
cultures in Sabouraud broth. These cultures yieldeResults and Discussion
approximately 1 x 10cells/mL after one week of
incubation. To obtain the supernatant, the broth was We observed th&. albicansandC. neoformans
centrifuged at 500 g for 5 min, and then the supernatanells were unable to aggregate platelets directly (Figure
was collected and centrifuged again at 8,000 g for ah). Studies on interactions of yeasts and platelets have
additional 5 min. The supernatant was then collectedemonstrated a direct agonistic effect on platelet
and used for the platelet aggregation test. Sterilaggregation. The yeast forms of the dimorphic fungi
Sabouraud’s broth was used as a control. Histoplasma capsulatumsan induce platelet
aggregatioi vitro [20]. Likewise, é&Saccharomyces
SubjectsThe study included 12 healthy volunteers,cerevisiaeamannanfraction was found to be lethal
who gave informed consent before participating in thisvhen injected intravenously into mice, resembling the
study. effect induced by the administration of platelet-
activating factor [21,22]. In addition, somatic fractions
Isolation of plateletsHuman blood platelets were of this yeast, which were chemically defined as being
obtained from healthy, drug-free individuals and werecomposed of phosphocholines, were also capable of
collected in tubes containing 3.8% sodium citrateactivating platelets [23]. Willcox et al. [24] found that
Platelet-rich plasma was prepared by centrifugation diuman PA is induced by &landidaspecies, except
citrated blood at room temperature for 6 min atd.80 for C. albicansThe aggregation of platelets releases
Platelets were adjusted to 2.5 Xd€lls/mL with sterile  microbicidal or microbistatic substances that are active
saline. againsCandida spp[24,25]. Therefore, the ability
of C. albicando inhibit the aggregation of platelets
Measurement of PAPA was determined by the could contribute to its survival in the blood during
turbidimetric method [19] using a Net Lab vascularinfections.
aggregometer. Aliquots of 450 pL of a platelet High cell counts of botlC. albicans and C.
suspension were transferred into small cuvettes anteoformansvere capable of preventing PA in the
stirred at a constant speed of 180g at 37°C. Thearesence of collagen and ADP (Table 1). The inhibitory
platelets were pre-incubated for 5 min &@3With  effectwas always concentration dependant. A significant
different yeast concentrations, or with the supernatantshibition was observed after incubation of platelets with
of the cultures, and were stimulated with 6 uM ADP1 x 10 cells/mL ofC. albicansThe maximum inhibitory
and 2 pg collagen/mL. The extent of aggregation (%eg¢ffect was obtained when 1 x"I@lls/mL was used.
was recorded continually for 5 min after addition ofOn the other hand;. neoformangroduced a more
the agonist. To evaluate the ability@falbicans and intense inhibitory effect on PA th&h albicansWe
C. neoformanto aggregate platelets, fungal cells (1 xfound that as low as 1 x4€ells/mL were capable of
10’ cells/mL) or culture supernatants were mixed withinhibiting PA (Table 2). This antagonistic effect could also
platelets (2.5 x Icells/mL) and incubated at 37°C explain the capacity of this fungus to evade the
during 10 min. microbicidal mechanisms triggered by PA. Numerous
moulds and mushrooms, or their products, can easily
Statistical analysidData were expressed as mean #inhibit PA in vitro [5,6,8,26,27]. In these cases, the
SD. The Student’s t-test was employed to determine &intagonistic effects derive from substances, such as
there were differences between the groups. Differencgsoteins, hydrazine derivatives, peptides, nucleosides,
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Table 1.Effect ofCandida albicanen platelet aggregation, stimulated by collagen and ADP. Platelets were
pre-incubated witle. albicanscells for 5min at 37C before stimulation. Each value represents the mean £ SD
of 12 independent experiments

Aggregation (%) Aggregation (%)
Collagen- 2 pg/ml ADP-6 uM
Control 75.4+7.3 69.8 + 10.0
1 X 1C cells/mL 65.9+8.0 68.4+8.2
1 X 1C cells/mL 572+ 2.7* 58.8 £ 6.0*
1 X 10 cells/mL 35.0 +5.8* 29.8+7.0*

Student’s t-test: P < 0.01*.

Table 2.Effect ofCryptococcus neoformans platelet aggregation, stimulated by collagen and ADP. Platelets
were pre-incubated with. neoformangellsfor 5 min. at 37C before stimulation. Each value represents the
mean + SD of 12 independent experiments

Aggregation (%) Aggregation (%)

2 ug/mL Collagen 6 UM ADP
Contrql 85.7+11.0 73.4+8.4
1X 1050ells/mL 76.2 £10.0 72.0+6.1
1X 106 cells/mL 70.0 £ 7.1* 56.0 + 6.0*
1X 107 cells/mL 58.0 + 3.2* 49.0 + 1.4*
1 X 10 cells/mL 7.4 +3.6* 8.8+ 2.3*

Student’s t-test: P < 0.01*.

Table 3.Effect ofCandida albicanandCryptococcus neoformansiture supernatants on platelet aggregation,
stimulated by collagen and ADP. Platelets were pre-incubated with the supernatant of one-week cultures of th
yeasts, for 5 min. at 3Z, before stimulation. Each value represents the mean + SD of 5 independent experiments

Aggregation (%) Aggregation (%)
2 ug/ml Collagen 6 uM ADP
C. albicans
Control 66.2+4.4 61.6 +10.5
Supernatant 64.2 £3.6
(from1X 1d cells/mL)
C. neoformans
Control 73.8+4.0 57.0+8.8
Supernatant 69.2+2.3

(from1X 10 cells/m L)
Student’s t-test: P > 0.05 (n.s).
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Figure 1.Platelet aggregation in the presence of 2 ug/ml-Collagen (1), 6 uM ADP (2),’té{ldfnLCandida
albicans(3), 1 X 10 cells/mL ofCryptococcuseoformang4) and platelets plus saline (5).
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nucleotides, lecithins, saponins and sterols, which argatelet activation, playing a role in fungal evasion from
present in the fungal extracts and can directly inhibihost defenses, during vascular dissemination.
the aggregating agents [28].
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