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Cryptococcus neoformans and cryptococcal surface polysaccharides influenced C5aR expression on human
polymorphonuclear neutrophils (PMN). Encapsulated and acapsular strains produced dramatically different
effects. Treatment of PMN with acapsular cryptococci up-regulated C5aR expression; whereas treatment with
encapsulated cells suppressed C5aR expression. Glucuronoxylomannan (GXM), the principal constituent of
the cryptococcal capsule, was responsible for such inhibition. Increased C5aR expression following treatment
with acapsular cryptococci was accompanied by increased binding of C5a to PMN, increased superoxide
production in response to stimulation with C5a, and an increased chemotactic response to C5a. Conversely,
decreased C5aR expression following treatment with encapsulated cryptococci or acapsular cryptococci that
had been pretreated with GXM was accompanied by decreased binding of C5a to PMN and a decreased
chemotactic response to C5a. Our results raise the possibility that the down-regulation of C5aR expression by
encapsulated cryptococci might alter PMN function at the site of cryptococcal infection.

The complement system is a major element of the humoral
defense system. C3a, C4a, and C5a anaphylotoxins are active
mediators generated by activation of the complement cascade
(14). C5a is one of the best described and most potent proin-
flammatory mediators derived from the complement system
(8); it induces a number of diverse functions in cellular sys-
tems, especially in polymorphonuclear neutrophils (PMN).
These activities include stimulation of chemotaxis, aggregation,
degranulation, production of superoxide anion, and increased
mobilization of intracellular calcium (16, 23). The anaphyla-
toxins interact specifically with C5aR, a G-protein-coupled re-
ceptor expressed on human neutrophils, eosinophils, basophils,
hepatocytes, and astrocytes (7, 33).

The encapsulated yeast Cryptococcus neoformans is a potent
activator of the complement system. Incubation of encapsu-
lated cryptococci in normal human serum (HS) leads to the
deposition of 107 to 108 molecules of C3b/iC3b per yeast cell
(29, 45). This activation occurs entirely via the action of the
alternative complement pathway (30). Incubation of crypto-
cocci in HS also leads to the generation of soluble cleavage
fragments, most notably C5a, that are chemotactic for neutro-
phils (9, 31).

The importance of the complement system in host defense
against fungal infection has been demonstrated by use of ex-
perimental animals with complement deficiencies. C5-deficient
mice have reduced resistance to intravenous challenge and
display altered pulmonary clearance of C. neoformans com-
pared with C5-sufficient mice (32). C5-deficient mice also show
decreased resistance to disseminated infection by Candida al-
bicans, Aspergillus fumigatus, and Saccharomyces cerevisiae (1,
20). Resistance to experimental cryptococcosis (10, 17), candi-

diasis (15), and paracoccidioidomycosis (2) is reduced in ani-
mals treated with cobra venom factor. Cobra venom factor
forms an extremely stable C3 convertase that leads to the rapid
depletion of C3 and C5 levels in vivo (39). In a previous study,
it was demonstrated that PMN from normal subjects released
interleukin 8 (IL-8) in response to treatment with whole yeast
cells of C. neoformans or the major constituent of the crypto-
coccal capsule, glucuronoxylomannan (GXM) (37). Further,
this effect was found to be dependent on the generation of C3a
and C5a (42). In contrast, PMN from patients with late-stage
human immunodeficiency virus infection produced a signifi-
cantly lower level of IL-8 after exposure to C. neoformans. This
reduced level of IL-8 secretion correlated with a selective de-
fect in C5aR (CD88) expression on PMN (33).

Many biological effects of neutrophils, including proinflam-
matory cytokine production (4, 33, 41), antimicrobial activity
(36), and intracellular calcium mobilization (16, 23), are
greatly influenced by the proinflammatory mediator C5a.
Given the essential role that C5aR plays in the stimulation of
neutrophils by C5a, we examined the effect of the treatment of
neutrophils with C. neoformans and its major capsular polysac-
charide, GXM, on the expression of C5aR. The results showed
that exposure of neutrophils to acapsular cryptococci produced
up-regulation of C5aR expression; in contrast, exposure to
encapsulated cryptococci or acapsular cryptococci plus purified
GXM produced down-regulation.

MATERIALS AND METHODS

Reagents and media. GXM was isolated from culture supernatant fluid of a
serotype A strain (ATCC 24064) that had been grown in liquid synthetic medium
(22) in a gyratory shaker for 4 days at 30°C. GXM was isolated by differential
precipitation with ethanol and hexadecyl trimethyl ammonium bromide (5, 6).

Rabbit anti-human CD88 (C5aR) immunoglobulin G (IgG) was purchased
from Serotec Ltd. (Oxford, England). A murine monoclonal antibody (MAb)
(IgG1 isotype) that is reactive with human CD18 was obtained from Monosan
(Uden, The Netherlands). Fluorescein isothiocyanate (FITC)-conjugated mu-
rine anti-rabbit MAbs (IgG1 isotype), F(ab�)2 fragments of R-phycoerythrin-
conjugated sheep anti-mouse IgG (whole molecule), FITC-conjugated murine
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IgG1 from murine myeloma (isotype control), and purified rabbit IgG (irrelevant
antibody) were purchased from Sigma (St. Louis, Mo.).

Human C5a was purchased from Calbiochem-Novabiochem Corporation (La
Jolla, Calif.). Hemacolor was obtained from Merck (Merck KgaA, Darmstadt,
Germany). RPMI 1640 with glutamine and fetal calf serum (FCS) were obtained
from Gibco BRL (Paisley, Scotland). HS type AB was purchased from Sigma. All
reagents and media used in this study were negative for endotoxin, as detected
by a Limulus amebocyte lysate assay (Sigma), which had a sensitivity of approx-
imately 0.05 to 0.1 ng of Escherichia coli lipopolysaccharide per ml.

Microorganisms. Two strains of C. neoformans var. neoformans were obtained
from Centraalbureau voor Schimmelcultures (Delft, The Netherlands): a thinly
encapsulated strain of serotype A (6995; NIH 37) and an acapsular strain (7698;
NIH B-4131). The cultures were maintained by serial passages on Sabouraud
agar (Biomerieux, Lyon, France). Log-phase yeasts were harvested by suspend-
ing a single colony in RPMI 1640 and then were washed twice with saline,
counted with a hemocytometer, and adjusted to the desired concentration in
RPMI 1640 (44). Yeasts were used live or were heat killed at 60°C for 30 min.

Preparation of PMN. Heparinized venous blood obtained from healthy adult
blood donors ranging in age from 18 to 65 years (recruited from the Immuno-
hematology and Transfusion Service of the Policlinico Hospital, Perugia, Italy)
was diluted with RPMI 1640, and mononuclear cells were separated by Ficoll-
Hypaque density gradient centrifugation (34). The pellet containing PMN and
erythrocytes was treated with hypotonic saline to lyse the erythrocytes. Granu-
locytes were collected by centrifugation, washed twice with RPMI 1640, counted,
and adjusted to the desired concentration. The purity of PMN isolated by this
method was �98%, as determined by Giemsa staining.

Surface expression of C5aR. PMN (106) were preincubated for 30 min in
RPMI 1640 with 10% HS or 10% heat-inactivated (56°C for 30 min) HS (iHS)
and with or without 7698 cells (effector cell/target cell [E/T] ratio, 1:4), 6995 cells
(E/T ratio, 1:4), GXM alone (250 �g/ml), or 7698 cells (E/T ratio, 1:4) pretreated
with GXM (250 �g/ml for 30 min at 37°C). The PMN were then fixed with 2%
paraformaldehyde in phosphate-buffered saline (PBS) for 10 min at room tem-
perature, washed twice with PBS containing 0.5% bovine serum albumin and
0.1% sodium azide, and mixed with rabbit anti-human C5aR (1/100). After 30
min of incubation on ice, the cells were washed twice and then stained for 30 min
with an FITC-conjugated murine MAb specific for rabbit IgG or an FITC-
conjugated antibody isotype control (final dilution, 1/256). For each sample,
C5aR expression on the surface of CD18-positive cells was measured by using
fluorescence-activated cell sorting (Becton Dickinson, Mountain View, Calif.).
PMN were further distinguished from free yeast cells on the basis of forward and
side light scattering, and a discriminatory gate was placed around the PMN
cluster. Specific fluorescence was assessed by comparison with results obtained
with an irrelevant MAb that was isotype matched for the FITC-conjugated
murine MAb that was reactive with rabbit IgG. Autofluorescence was assessed by
using unstained cells.

Binding of FLUOS-C5a to PMN. C5a was labeled with 5(6)-carboxyfluores-
cein-N-hydroxysuccinimide ester (FLUOS) by use of a labeling kit according to
the manufacturer’s directions (Boehringer Mannheim Biochimica, Mannheim,
Germany). Binding of FLUOS-C5a to PMN was determined as described pre-
viously (40). Briefly, PMN were incubated with FLUOS-C5a (25 nM) for 20 min
at room temperature. The cells were washed twice with PBS containing 0.5%
bovine serum albumin and 0.1% sodium azide and suspended in 0.5 ml of PBS
containing 0.5% bovine serum albumin and 0.1% sodium azide. Binding was
assessed by flow cytometry.

Superoxide (O2
�) production. O2

� production by PMN in response to stim-
ulation with C5a was determined by superoxide dismutase-inhibitable cyto-

chrome c reduction as described previously (34). The effect of various treatments
on the response of PMN to C5a was determined by first treating PMN (106) for
30 min at 37°C in RPMI 1640, RPMI 1640 with 10% iHS, or RPMI 1640 with
10% HS and 6995 cells (E/T ratio, 1/4), 7698 cells (E/T ratio, 1/4), GXM alone
(250 �g/ml), or 7698 cells pretreated with GXM (250 �g/ml for 30 min at 37°C).
The variously treated PMN (2.5 � 105) were washed and incubated in Krebs-
Ringer phosphate buffer with or without C5a (50 ng/ml) for 30 min at 37°C in the
presence of cytochrome c (2 mg/ml; Sigma) and in the presence or absence of
superoxide dismutase (200 U/ml; Sigma). The reaction was stopped by the
addition of 2 ml of cold Krebs-Ringer phosphate buffer, and the tubes were
centrifuged at 2,000 � g for 5 min at 25°C. The amount of superoxide in the
supernatant fluid was measured as the absorbance of superoxide-dependent
cytochrome c reduction by using an extinction coefficient of 21.0 � 103 M/cm at
550 nm. Superoxide production was expressed in nanomoles per 106 cells for 30
min.

Chemotaxis assay. A PMN chemotaxis assay was performed as described
previously (11). Briefly, we used a 48-well microchemotactic Boyden chamber
(NeuroProbe Inc., Bethesda, Md.) with a 10-�m-thick, polyvinylpyrrolidone-free
polycarbonate membrane (Nuclepore Corp., Pleasanton, Calif.) with a 3-�m
pore size. A polyvinylpyrrolidone-free polycarbonate membrane was used be-
cause PMN remain attached to the membrane and do not drop off into the
medium below (19). PMN (1.5 � 106/ml) were preincubated for 30 min at 37°C
with 6995 cells (E/T ratio, 1:4), 7698 cells (E/T ratio, 1:4), GXM alone (250
�g/ml), or 7698 cells pretreated with GXM (250 �g/ml for 30 min at 37°C) in
RPMI 1640 plus 10% HS. The PMN were then washed twice and suspended in
RPMI 1640 plus 1% HS in accordance with the chamber manufacturer’s direc-
tions. The chamber, with 50 �l of PMN (1.5 � 106/ml) in RPMI 1640 plus 1% HS
in the upper compartment and 27 �l of C5a (50 ng/ml) in the lower compart-
ment, was incubated for 60 min at 37°C. The membrane was stained with
Hemacolor. The numbers of PMN that migrated to the reverse side of the
membrane were counted in three high-power microscopic fields. The results are
reported as the mean and standard error of triplicate determinations from three
separate experiments.

Statistical analysis. Statistical analysis was performed with the assistance of
the Primer of Biostatistics software program. Data are reported as the mean and
standard error of the mean from replicate experiments. Data were evaluated by
a one-way analysis of variance (ANOVA). Post hoc comparisons were done with
Bonferroni’s test. A P value of �0.05 was taken as significant.

RESULTS

To assess the effect of exposure to cryptococci on C5aR
expression, human neutrophils were incubated with (i) heat-
killed or live acapsular cryptococci or (ii) heat-killed or live
encapsulated cryptococci. The results showed that there was
clear up-regulation of C5aR expression on neutrophils exposed
to heat-inactivated or live acapsular C. neoformans (Fig. 1B
and C). In contrast, the suppression of C5aR expression was
observed when neutrophils were treated with heat-killed or live
encapsulated cells (Fig. 1D and E).

The down-regulation of C5aR expression by encapsulated
cryptococci suggested that the major capsular polysaccharide,
GXM, might play a role in the suppression phenomenon. Con-

FIG. 1. Cytofluorimetric analysis of C5aR expression on PMN. PMN were incubated for 30 min in the absence (black histograms) or in the
presence (grey lines) of (i) heat-killed acapsular cryptococci (7698) (E/T ratio, 1:4) (B), (ii) live 7698 (E/T ratio, 1:4) (C), (iii) heat-killed
encapsulated cryptococci (6995) (E/T ratio, 1:4) (D), or (iv) live 6995 (E/T ratio, 1:4) (E). (A) Control showing autofluorescence of the cells (dotted
line) and staining profile with an irrelevant antibody (black line). The results are from one experiment representative of four with similar results,
performed by using cells from four different healthy subjects. FL1-H, fluorescent channel 1 height.
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FIG. 2. Cytofluorimetric analysis of C5aR expression on PMN with GXM. PMN were incubated for 30 min in the absence (black histograms)
or in the presence (grey lines) of (i) heat-killed acapsular cryptococci (7698) (E/T ratio, 1:4) (B), (ii) GXM alone (250 �g/ml) (C), or (iii) 7698
cells (E/T ratio, 1:4) pretreated with GXM (D). (A) Control showing autofluorescence of the cells (dotted line) and staining profile with an
irrelevant antibody (black line). The results are from one experiment representative of four with similar results, performed by using cells from four
different healthy subjects. (E) Mean fluorescence intensity for all groups. The results are the mean and standard error of the mean for four
independent experiments with cells from four different healthy subjects. Statistical significance was determined by using ANOVA with Bonferroni’s
posttest analysis. FL1-H, fluorescent channel 1 height.
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sequently, we evaluated the effect of GXM, alone or in com-
bination with cells of the acapsular strain, on neutrophil C5aR
expression. Preincubation of acapsular cryptococci with GXM
was examined because previous studies found that GXM binds
to acapsular cryptococci to produce an experimentally con-
structed capsule that behaves functionally like that found on
encapsulated cryptococci (25, 28). The results confirmed that
acapsular cryptococci up-regulated C5aR expression (Fig. 2B).
In contrast, GXM (250 �g/ml) alone produced a slight inhibi-
tion of constitutive C5aR expression (Fig. 2C) that was not
statistically significant (Fig. 2E). Dose-response experiments
showed that GXM at 10 or 50 �g/ml was unable to reduce
C5aR expression (data not shown). GXM (250 �g/ml) used in
combination with acapsular cryptococci decreased C5aR ex-
pression (Fig. 2D) relative to both the enhanced expression
observed with acapsular cryptococci alone and the constitutive
expression of C5aR observed with unstimulated PMN. In a
dose-response experiment, the addition of GXM to acapsular
cryptococci produced a significant down-regulation of C5aR
expression at 50 �g/ml but not at 10 �g/ml (data not shown).

There are two alternative explanations for some of the re-
sults shown in Fig. 1 and 2. First, soluble GXM could have
been washed off the encapsulated cells, and free GXM could
have influenced the results. This possibility was examined by

incubating encapsulated cryptococci with PMN for 30 min at
37°C in 10% HS. The supernatant fluid was collected and
mixed with neutrophils, and C5aR expression was determined
after 30 min of incubation. The results showed no modulation
of C5aR by the supernatant fluid (data not shown). A second
explanation for the modulation of C5aR expression is the pos-
sibility that the effect was due to the binding of C3b or iC3b to
the yeast surface during incubation with 10% HS. Alterna-
tively, the effect could have been due to the release of C3a or
C5a as a consequence of activation of the alternative pathway.
These possibilities were assessed by use of heat-inactivated
serum (56°C for 30 min) in place of normal serum. The results
of experiments done with heat-inactivated serum were similar
to the results of experiments done in the presence of normal
serum (data not shown).

Having determined that acapsular and encapsulated crypto-
cocci differentially regulate C5aR expression, we next exam-
ined whether such differential regulation of C5aR expression
influences the binding of C5a to neutrophils. PMN were incu-
bated in the presence or absence of GXM alone (250 �g/ml),
acapsular yeast cells alone, acapsular yeast cells in combination
with GXM, or encapsulated yeast cells alone. After 30 min, the
cells were mixed with FLUOS-C5a, incubated for 20 min, and
washed. The binding of FLUOS-C5a was determined by flow

FIG. 3. Cytofluorimetric analysis of C5a binding on PMN. PMN were untreated (NS) or treated with heat-killed acapsular cryptococci (7698)
(E/T ratio, 1:4), GXM alone (250 �g/ml), heat-killed 7698 (E/T ratio, 1:4) pretreated with GXM, or heat-killed encapsulated cryptococci (6995)
(E/T ratio, 1:4). The results are the mean and standard error of the mean for three independent experiments with cells from three different healthy
subjects. Statistical significance was determined by using ANOVA with Bonferroni’s posttest analysis.
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cytometry. The results (Fig. 3) showed enhanced binding of
C5a to PMN that were stimulated with acapsular cryptococci.
Significantly decreased binding (P � 0.05) occurred when
PMN were pretreated with encapsulated cryptococci or acap-
sular cryptococci plus GXM. Preincubation of PMN with
GXM alone produced a slight reduction in the binding of C5a;
this binding was not significantly (P � 0.05) lower than the
binding to sham-treated PMN.

Given that C5a ligation on PMN may produce significant
biological effects, such as superoxide anion generation (30), we
evaluated the production of O2

� in response to stimulation
with C5a of PMN treated with (i) acapsular cryptococci, (ii)
GXM alone, (iii) acapsular cryptococci plus GXM, or (iv)
encapsulated cryptococci. PMN were incubated for 30 min
with each yeast treatment, C5a was added, and the mixtures
were incubated for 30 min. Since incubation of acapsular or
encapsulated cryptococci in 10% serum will likely generate
C5a through the action of the alternative pathway, the exper-
iment was done in the presence of normal serum, in the pres-
ence of heat-inactivated serum, and in the absence of serum.
The results (Fig. 4) showed that treatment of PMN with acap-
sular cryptococci produced a significant (P � 0.05) enhance-
ment of superoxide generation in response to stimulation with
C5a compared to sham treatment of PMN. This enhancement
occurred in the presence of normal serum, in the presence of
heat-inactivated serum, and in the absence of serum. Treat-
ment with GXM alone or acapsular cells plus GXM produced
a slight increase in O2

� generation that was not significantly
different from the response of sham-treated PMN. Notably,
the level of O2

� generation by PMN treated with acapsular
cells plus GXM was significantly lower than the level of O2

�

generation by PMN treated with acapsular cells alone. Surpris-
ingly, treatment with encapsulated cryptococci produced a sig-
nificant increase in O2

� production in response to C5a relative
to what was observed with sham-treated PMN.

The ability to produce chemotactic migration of neutrophils
is one of the most important inflammatory properties of C5a.
As a consequence, we determined the effect of pretreatment of
neutrophils with cryptococci or GXM on the chemotactic re-
sponse to C5a. The results (Fig. 5) showed that the migration
of PMN toward C5a was significantly enhanced by pretreat-
ment with acapsular cryptococci. In contrast, treatment with
encapsulated cryptococci or acapsular cryptococci plus GXM
produced a significant decrease in migration. Treatment of
PMN with GXM alone produced a slight decrease in migration
that was not significantly different from what was observed with
sham-treated PMN.

DISCUSSION

The results reported here show that treatment of PMN with
C. neoformans modulates the expression of C5aR. Treatment
of PMN with acapsular cryptococci up-regulated receptor ex-
pression, whereas treatment with encapsulated cryptococci
down-regulated expression. Down-regulation by encapsulated
cryptococci was due to encapsulation with GXM, because we
found that the increased expression in response to acapsular
cryptococci reverted to the suppressed expression found with
encapsulated cells when purified GXM was added to the mi-
lieu. Previous studies demonstrated that incubation of acapsu-

FIG. 4. Superoxide-generating activity of PMN in response to C5a (50
ng/ml) after 30 min of incubation. PMN were untreated (NS) or pre-
treated for 30 min with heat-killed acapsular cryptococci (7698) (E/T
ratio, 1:4), GXM alone (250 �g/ml), heat-killed 7698 (E/T ratio, 1:4)
pretreated with GXM, or heat-killed encapsulated cryptococci (6995)
(E/T ratio, 1:4). C5a was absent (white bars) or present (black bars). The
results are from cells incubated in the presence of normal HS (top) or iHS
(middle) or in the absence of HS (bottom). The results are the mean and
standard error of the mean for six independent experiments with cells
from six different healthy subjects. Statistical significance was determined
by using ANOVA with Bonferroni’s posttest analysis.
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lar cryptococci with GXM leads to the binding of GXM to the
acapsular cells to produce cells that are functionally encapsu-
lated (25, 28).

The modulation of receptor expression had functional con-
sequences. PMN treated with acapsular cryptococci showed
increased binding of C5a, increased production of superoxide
in response to stimulation with C5a, and increased migration in
response to C5a. In contrast, treatment of PMN with encap-
sulated cryptococci or acapsular cryptococci plus GXM down-
regulated receptor expression and suppressed migration in re-
sponse to C5a. Suppression of superoxide production was not
observed after treatment with encapsulated cryptococci or
acapsular cryptococci plus GXM. Indeed, treatment with en-
capsulated cryptococci produced a slight increase in superox-
ide production, suggesting that encapsulated cryptococci might
have effects on superoxide production by PMN that are inde-
pendent of the effects on C5aR expression. The increased
responsiveness to C5a was not due to generation of C5a from
serum by activation of the complement cascade, because the
slight increase in responsiveness was also observed when the
assay was done in the presence of heat-inactivated serum or in
the absence of serum.

The effects of GXM on C5aR expression and the functional
consequences of such effects appeared to be primarily associ-
ated with encapsulation. Purified GXM alone had a modest
direct down-regulatory effect on receptor expression and slight
effects on binding of C5a and the chemotactic response to C5a.
However, these latter effects were not statistically significant.
There is precedent for GXM to display biological activities

when assembled in the form of a capsule, but it fails to show
the same biological activity when in the soluble form. For
example, the cryptococcal capsule is a potent activator of the
complement system, and the amounts of C3 fragments that
accumulate on yeast cells are directly related to capsule vol-
ume (45); however, purified GXM has little or no ability to
activate the alternative pathway (31). In a second example,
encapsulated cryptococci stimulate the lymphoproliferative re-
sponse of T cells to Cryptococcus-laden monocytes and CD40
expression by monocytes; in contrast, soluble GXM stimulates
CD40 expression but does not induce lymphoproliferation
(43).

One possible explanation for the reduced binding of C5a is
masking of the binding of C5a or an antibody reactive with
C5aR by GXM. This scenario might be possible with free
GXM, but the inhibitory effect of encapsulated cryptococci was
greater than the effect observed with free GXM. More impor-
tantly, the suppression of C5aR expression was observed with
encapsulated cryptococci at an E/T ratio of 1:4. Masking of the
receptor would require binding to all possible receptors. This
scenario seems highly unlikely at an E/T ratio of 1:4, because
a PMN is much larger than a yeast cell. Our results are much
more consistent with a signaling phenomenon.

Previous studies demonstrated the biological importance of
C5aR. It belongs to a family of G proteins that regulate the
activation and trafficking of phagocytic cells and include vari-
ous chemokine receptors and the receptors for platelet-acti-
vating factor and proinflammatory leukotrienes. C5aR medi-
ates proinflammatory and chemotactic actions, granule enzyme

FIG. 5. Chemotactic responses of PMN to C5a (50 ng/ml). PMN were incubated for 30 min at 37°C in 5% CO2 alone (NS) or with heat-killed
acapsular cryptococci (7698) (E/T ratio, 1:4), GXM alone (250 �g/ml), heat-killed 7698 (E/T ratio, 1:4) pretreated with GXM, or heat-killed
encapsulated cryptococci (6995) (E/T ratio, 1:4). The results are the mean and standard error of the mean for three independent experiments with
cells from three different healthy subjects. Statistical significance was determined by using ANOVA with Bonferroni’s posttest analysis.
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release, and superoxide anion production. C5aR has been im-
plicated in anaphylactic and septic shock (16, 18, 35, 38). The
biological importance of C5aR expression in infectious dis-
eases is indirectly suggested by the ability of several microbial
pathogens to destroy this receptor and/or its ligand, C5a, via a
variety of proteinases (24). In addition,C5aR-knockout mice
are exquisitely susceptible to pulmonary infection by Pseudo-
monas aeruginosa, in a pathologic process resembling human
cystic fibrosis (21).

The cryptococcal capsule and/or its major capsular polysac-
charide mediate two opposing biological activities. On the one
hand, the cryptococcal capsule is a powerful activator of the
complement system (26, 27). Incubation of encapsulated cells
in HS leads to the generation of cleavage fragments of the
complement cascade that would normally mediate a potent
inflammatory response to infection. In addition, Dong and
Murphy found that a yeast culture filtrate stimulated the di-
rected migration of PMN in the absence of serum (11). The
direct or indirect production of inflammatory mediators in
response to C. neoformans is in striking contrast to the relative
absence of neutrophil infiltration in most infected tissues (3).
Several activities of C. neoformans or cryptococcal antigens
have been described that may contribute to the relative ab-
sence of PMN infiltration. First, GXM induces neutrophils to
shed L-selectin, a molecule that is needed for the infiltration of
neutrophils into tissue (12). Second, GXM binds to adhesion
molecule CD18 (13). Since an interaction between CD18 and
its ligand on the endothelium is a prerequisite for tissue infil-
tration, CD18 blockade may also contribute to the absence of
PMN infiltration in infected tissues. Our results showing direct
down-regulation of C5aR expression by GXM in the form of a
cryptococcal capsule and the consequent suppression of bio-
logical activities associated with C5aR ligation are a third
mechanism by which cryptococci may evade the inflammatory
response that would normally be expected to accompany acti-
vation of the complement cascade by the cryptococcal capsule.
The down-regulatory effects of encapsulated cryptococci on
C5aR activity most likely occur at the site of infection, because
circulating PMN rarely encounter encapsulated cells. How-
ever, at the site of infection, PMN should encounter encapsu-
lated cryptococci, with a consequent modulation of C5aR and
an accompanying modulation of PMN biological function, such
as superoxide generation. It is also possible that PMN with
reduced C5aR activity fail to become activated in response to
C5a and exhibit reduced phagocytosis and/or killing of crypto-
cocci. Taken together, our results, although limited to in vitro
observations, suggest an additional mechanism for immuno-
evasion produced by cryptococcal GXM when it is presented in
the form of a capsule.
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