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Cell-mediated immunity is critical for the host defense to Cryptococcus neoformans, as demonstrated by nu-
merous animal studies and the prevalence of the infection in AIDS patients. Previous studies have established
that the polysaccharide capsule contributes to the virulence of C. neoformans by suppressing T-lymphocyte
proliferation, which reflects the clonal expansion of T lymphocytes that is a hallmark of cell-mediated immu-
nity. The present studies were performed to identify the major mechanism by which polysaccharide impairs
lymphocyte proliferation, since capsular polysaccharide has the potential to affect the development of T-lym-
phocyte responses by stimulating production of interleukin-10 (IL-10), inhibiting phagocytosis, and inducing
shedding of cell surface receptors. We demonstrate that polysaccharide inhibits lymphocyte proliferation pre-
dominantly by blocking uptake of C. neoformans, which is crucial for subsequent lymphocyte proliferation. In
addition, we show that polysaccharide did not suppress lymphocyte proliferation via an IL-10-dependent mech-
anism, nor did it affect critical surface receptor interactions on the T cell or antigen-presenting cell. Having
established that polysaccharide impairs phagocytosis, we performed studies to determine whether opsonization
with human serum or with anticapsular antibody could reverse this effect. Impaired uptake and lymphocyte
proliferation that were induced by polysaccharide can be enhanced through opsonization with monoclonal
antibodies or human serum, suggesting that antipolysaccharide antibodies might enhance the host defense by
restoring uptake of the organism and subsequent presentation to T lymphocytes. These studies support the
therapeutic potential of stimulating cell-mediated immunity to C. neoformans with anticapsular antibody.

Cryptococcus neoformans is one of the leading fatal mycoses
in AIDS (4, 13, 18). Although cell-mediated immunity is of
paramount importance in the host defense to C. neoformans,
the dominant mechanism by which the major virulence factor,
the polysaccharide capsule, might influence the development
of cell-mediated immunity and how this mechanism might be
overcome have not been determined.

We and others have established that capsular polysaccharide
(CPS) suppresses T-lymphocyte responses to both live and
killed C. neoformans (5, 30, 33, 43). We have previously shown
that strains of C. neoformans with a large capsule are less able
to stimulate proliferation of human lymphocytes than mini-
mally encapsulated strains and that addition of purified CPS
inhibits lymphocyte proliferation (33). CPS also impairs alve-
olar macrophage-dependent T-cell responses to C. neoformans
(43). Since the clonal proliferation of T cells is a hallmark of
the cell-mediated immune response, we considered the possi-
bility that CPS-mediated suppression of lymphocyte prolifera-
tion may be an important mechanism of virulence.

There are a number of mechanisms by which CPS could
suppress the development of the T-lymphocyte response. CPS
can induce immunosuppressive cytokines such as interleu-
kin-10 (IL-10) (45), which suppresses lymphocyte proliferation
by a number of mechanisms (8, 12, 35, 40). CPS also causes
shedding of some cell surface receptors by an unknown mech-

anism (14). Since antigen presentation is critically dependent
on the expression of costimulatory surface receptors, it is pos-
sible that CPS could interfere with a critical receptor-ligand
interaction between the antigen-presenting cell and the T cell.
CPS also inhibits uptake of the organism by phagocytic cells
(27, 32), which could inhibit the antigen available for process-
ing and presentation to the T cell. Thus, there is the potential
for CPS to suppress the antigen available for presentation by
inhibiting the uptake of C. neoformans by the antigen-present-
ing cell, by inhibiting cell-cell interactions necessary for co-
stimulatory signals, or by stimulating production of immuno-
suppressive IL-10.

By contrast to the role of cell-mediated immunity, the role of
humoral immunity has provided an arcanum in our under-
standing of cryptococcal host defense. While administration of
antibodies to CPS is protective (37, 39), deficiencies of hu-
moral immunity do not predispose the host to cryptococcal
infections. This suggests that natural humoral mechanisms are
unimportant in the host defense to C. neoformans but that
administration of antibody, or vaccination with the develop-
ment of antibodies, can augment mechanisms of host defense.
If CPS inhibits antigen presentation by inhibiting uptake of C.
neoformans, there is the potential to overcome this effect by
opsonizing the organism with anticapsular antibody. In a mu-
rine model, specific anticryptococcal antibodies that opsonize
C. neoformans can augment cellular uptake (15, 36, 38), and
antibodies to glucoronxylmannan conjugated to tetanus toxoid
promote phagocytosis of C. neoformans in the absence of com-
plement (51) and enhance survival via a CD4-dependent mech-
anism (50). Thus, it is possible that specific anticapsular anti-
body might enhance uptake and ultimately presentation to T
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cells, resulting in activation, proliferation, and development of
cell-mediated immune responses that would provide an expla-
nation for the therapeutic efficacy of anticapsular antibodies.

To determine whether CPS suppresses lymphocyte prolifer-
ation by production of IL-10, lymphocytes were stimulated
with CPS-treated C. neoformans in the presence or absence of
neutralizing antibody to IL-10. To determine if CPS was af-
fecting interactions between antigen-presenting cells and T
cells, CPS was added to the peripheral blood mononuclear
cells (PBMC) and the excess was removed before stimulation
with C. neoformans. To determine whether the antiphagocytic
properties of CPS contributed to a reduction in lymphocyte
proliferation, phagocytosis was correlated with [3H]thymidine
([3H]TdR) incorporation. Finally, the ability of complement or
anticapsular antibody to ameliorate the effect on lymphocyte
proliferation was tested with pooled human sera and anticap-
sular monoclonal antibodies (MAb).

MATERIALS AND METHODS

Isolation of PBMC and selection of lymphocyte populations. Human periph-
eral blood was obtained from healthy adults by venipuncture. The blood was
anticoagulated with 10 U of heparin (Organon Teknika-Cappel, Scarborough,
Ontario, Canada) per ml. PBMC were purified by centrifugation (800 3 g for 20
min) on a Ficoll-Hypaque density gradient (Lymphoprep; Labquip, Woodbridge,
Ontario, Canada). PBMC were washed three times in Hanks balanced salt
solution (Gibco, Burlington, Ontario, Canada), counted, and suspended in me-
dium containing RPMI 1640 (Gibco); 5% heat-inactivated pooled human AB
serum (lot 7M1809; BioWhittaker, Walkersville, Md.); and 2 mM L-glutamine,
100 U of penicillin/ml, 100 mg of streptomycin/ml, 0.2 mg of amphotericin B/ml,
1 mM sodium pyruvate, and 0.1 mM nonessential amino acids (all from Gibco).

Preparation of C. neoformans and CPS. C. neoformans 67 (ATCC 52817;
acapsular mutant) (21), 68 (ATCC 24064; lightly encapsulated, serotype A) (47),
3501 (ATCC 34873; lightly encapsulated, serotype D), 613 (ATCC 36556; lightly
encapsulated, serotype D) (24), T145 (ATCC 62070; moderately encapsulated,
serotype A) (41), and 6 (ATCC 62066; heavily encapsulated, serotype A) (41)
were obtained from the American Type Culture Collection (Rockville, Md.). The
organisms were maintained as previously described (34) on Sabouraud slants
(Difco, Detroit, Mich.) and passaged to fresh slants monthly. The organisms
were killed as previously described (33) by autoclaving at 121°C for 15 min and
were stored at 4°C. CPS was obtained from strain 68, serotype A (ATCC 24064),
as previously described (22). All reagents were prepared in endotoxin-free water
(Baxter, Mississauga, Ontario, Canada), and glassware was baked prior to use.

Polysaccharide coating and staining of C. neoformans. Acapsular C. neofor-
mans (strain 67) was incubated in purified polysaccharide for 1 h at 37°C.
Unbound polysaccharide was removed by washing in phosphate-buffered saline
(PBS). The polysaccharide-coated C. neoformans was then used in proliferation
and phagocytosis studies. Mucicarmine (Sigma, St. Louis, Mo.) staining and
microscopic examination were used to determine whether CPS had bound to the
surface of C. neoformans.

Treatment of C. neoformans with antibody or sera. For some experiments,
heat-killed C. neoformans was incubated for 1 h at 37°C with undiluted non-
heat-inactivated human AB serum (lots 5M1937 and 7M1809; BioWhittaker),
heat-inactivated (56°C for 60 min) serum, or an anticapsular MAb (MAb 471)
that was purified as previously described (16, 42). This MAb is a murine immu-
noglobulin G1 antibody that binds to serotype A and D polysaccharide. The
organisms were then washed three times in PBS and used in proliferation or
phagocytosis assays.

Lymphocyte proliferation in response to C. neoformans. To determine whether
C. neoformans stimulated lymphocyte proliferation, PBMC (2 3 105 cells/well)
were cultured in round-bottom wells of 96-well tissue culture plates (Corning
Glass Works, Corning, N.Y.). Whole C. neoformans cells (2 3 105/well) were
used to stimulate the lymphocytes. Cultures were incubated for 7 days at 37°C
with 5% CO2. Sixteen hours before the end of incubation, 1 mCi of [3H]TdR
(ICN, Montreal, Quebec, Canada) was added. Cells were harvested on glass
filters, and counts per minute were determined in a liquid scintillation counter.
[3H]TdR incorporation into cultures containing C. neoformans alone was rou-
tinely less than 300 cpm. As a control, PBMC were stimulated with 10 mg of
concanavalin A (Sigma) per ml or 1022 Leaf units of tetanus toxoid (Connaught
Laboratories, Mississauga, Ontario, Canada). In some experiments, lidocaine (10
to 10,000 mM; Baxter) was added to the culture wells. In other experiments, cells
were incubated in the presence of 100 to 1,000 ng of anti-IL-10 (Pharmingen) or
isotype-matched control antibody (Sigma) per ml.

ELISA for IL-10. The concentration of IL-10 in culture supernatants was
determined by an enzyme-linked immunosorbent assay (ELISA). The capture
antibody was monoclonal anti-IL-10 (1 mg/ml) (18551 D; Pharmingen, San Di-
ego, Calif.) or JES3-19F (American Type Culture Collection). The secondary
antibody was a biotinylated anti-IL-10 MAb (1.5 mg/ml) (18562 D; Pharmingen),

followed by avidin-peroxidase (Sigma). The ELISA was developed by adding
2,29-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (Sigma; A-1888) in 0.1 M
citric acid buffer with 1 ml of 30% hydrogen peroxide per ml. The ELISA was
read spectrophotometrically at 405 nm. All results were the means from dupli-
cate samples, and the standard curve was generated by using IL-10 from the
Biological Response Modifiers Program, National Institutes of Health, Be-
thesda, Md.

Phagocytosis of C. neoformans. PBMC were cultured in 24-well plates contain-
ing plastic 13-mm-diameter coverslips (Nunc, Naperville, Illinois) at 37°C in
RPMI medium. After 1 h, the nonadherent cells were removed by washing, and
C. neoformans (106 organisms/well) was added to the wells. At various times,
medium and unbound Cryptococcus were removed by washing with PBS. Cov-
erslips were removed, fixed in methanol, stained with Giemsa stain (ICN), and
then examined by light microscopy for the number of cells that had bound or
ingested C. neoformans (3). Studies determined that Giemsa staining was as
reliable as fluorescein isothiocyanate labeling of C. neoformans and quenching of
extracellular fluorescence with trypan blue.

Statistics. Data are given as the mean 6 standard error of the mean (SEM) for
the indicated number of experiments. Each experiment was performed with
different donors on different days. [3H]TdR incorporation is expressed as the
mean counts per minute 6 SEM for quadruplicate wells. To analyze the data
statistically, one-way analysis of variance was performed when allowed by the F
test (Statview 5121; Brainpower Inc., Calabasas, Calif.). For experiments in
which phagocytosis and lymphocyte proliferation were determined, Wilcoxon-
Mann-Whitney statistics were used. In experiments comparing human serum to
anti-CPS MAb, Friedman two-way analysis of variance by ranks was performed.
For these tests, a P value of ,0.05 was considered significant.

RESULTS

Inhibition of lymphocyte proliferation by CPS is indepen-
dent of IL-10. Recombinant IL-10 can abrogate lymphocyte
proliferation in response to C. neoformans (35). Since CPS
stimulates production of IL-10 (8, 12), it was possible that CPS
could suppress lymphocyte proliferation via production of IL-
10. To determine whether the CPS induced sufficient IL-10 to
influence lymphocyte proliferation, PBMC were stimulated
with C. neoformans in the presence or absence of purified
polysaccharide and anti-IL-10 or isotype-matched control an-
tibody. The anti-IL-10 MAb tended to augment lymphocyte
proliferation but did not restore it to statistically significant
levels (Fig. 1). To ensure that the CPS was capable of stimu-
lating IL-10 production, ELISA for IL-10 was performed on
CPS-stimulated supernatants. Modest concentrations of IL-10
were detected (128 6 40 pg/ml; n 5 4), which were greater
than the concentration found in prior studies (45). The anti-
IL-10 antibody was active, since it enhanced C. neoformans-
stimulated tumor necrosis factor alpha (TNF-a) release. (The

FIG. 1. Blocking of IL-10 does not restore lymphocyte proliferation in re-
sponse to acapsular C. neoformans 67 cultured in the presence of polysaccharide.
PBMC and C. neoformans (Cn) were cultured in the presence or absence of
capsular polysaccharide (10 mg/ml) and anti-IL-10 or control antibody (1 mg/ml).
Lymphocyte proliferation was assessed 7 days later by [3H]TdR incorporation. p,
P , 0.05 by analysis of variance. NS, not significantly different compared to
stimulated PBMC. †, P , 0.05 compared to PBMC plus C. neoformans. NS1, not
significantly different from PBMC plus C. neoformans plus CPS. The experiment
was repeated three times with similar results.
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concentrations of TNF-a were 4,742 pg/ml in supernatants of
PBMC that were stimulated with C. neoformans plus polysac-
charide plus control immunoglobulin G and 9,057 pg/ml in
supernatants of PBMC stimulated with C. neoformans plus
polysaccharide plus anti-IL-10.) This data suggests that IL-10

is not the primary mechanism responsible for the CPS-induced
lymphocyte suppression.

CPS suppresses lymphocyte proliferation by binding to C.
neoformans rather than affecting interactions between antigen-
presenting cells and T cells. CPS causes shedding of some cell
surface receptors (14). Since receptor-ligand interactions are
important in antigen presentation, the possibility that CPS
interferes with a critical costimulatory signal was considered.
PBMC were incubated with purified CPS, and the excess was
removed by washing. The CPS-treated PBMC were stimulated
with C. neoformans. Preincubation of PBMC with CPS had no
effect on lymphocyte proliferation (Fig. 2). In parallel experi-
ments, acapsular C. neoformans that had previously been in-
cubated with purified polysaccharide and washed to remove
the excess CPS was used to stimulate PBMC. Preincubation of
C. neoformans with purified polysaccharide abrogated lympho-
cyte proliferation (Fig. 2). Mucicarmine staining confirmed
that CPS was binding to C. neoformans (data not shown). Thus,
the polysaccharide does not affect lymphocyte proliferation by
affecting the interaction between antigen-presenting cells and
T cells but rather exerts its effect by binding to the organism.

Blocking of phagocytosis inhibits lymphocyte proliferation
in response to C. neoformans. One of the major effects of the
polysaccharide capsule is to inhibit phagocytosis (25). To de-
termine whether impaired phagocytosis might explain the re-
duced lymphocyte proliferation, the uptake of untreated acap-
sular C. neoformans was compared to that of CPS-coated C.
neoformans and correlated with lymphocyte proliferation. Pre-
incubation of C. neoformans with purified polysaccharide re-
duced the number of cells that had taken up by C. neoformans
by 60 to 70% across a broad range of numbers of organisms
(Fig. 3). The number of organisms that had been internalized
was proportional to the number that had bound to cells (data
not shown), and the number of cells that had internalized C.
neoformans correlated with a reduction in lymphocyte prolif-
eration (Fig. 3).

FIG. 2. Lymphocyte proliferation in response to acapsular C. neoformans 67
was abrogated when the organism was preincubated in purified polysaccharide.
PBMC alone (h) were compared to PBMC that were stimulated with C. neo-
formans (■); PBMC that were stimulated with C. neoformans in the presence of
10 mg of CPS per ml ( �); PBMC that were pretreated for 1 h at 37°C (Tx’d) with
CPS, washed, and stimulated with C. neoformans (3); or C. neoformans that was
pretreated for 1 h at 37°C with CPS, washed, and used to stimulate PBMC (z).
After 7 days, lymphocyte proliferation was determined by [3H]TdR incorpora-
tion. p, P , 0.05 compared to unstimulated PBMC. NS, not significantly different
compared to C. neoformans-stimulated PBMC. †, P , 0.05 compared to stimu-
lated PBMC. The experiment was repeated four times with similar results.

FIG. 3. Preincubation of C. neoformans 67 in purified CPS reduced phagocytosis and decreased lymphocyte proliferation. (A) PBMC (2 3 105/well) were put into
culture with various numbers of untreated, acapsular C. neoformans cells (h) or acapsular C. neoformans cells that had been pretreated with purified CPS (■). Eighteen
hours later, coverslips were examined for the percentage of cells that had phagocytosed C. neoformans (Crypto). (B) In parallel, the proliferative responses of PBMC
(2 3 105/well) stimulated with various numbers of untreated C. neoformans cells (h) and with C. neoformans that had been treated with purified CPS (■) were
compared. After 7 days, lymphocyte proliferation was assessed by [3H]TdR incorporation. The experiment was repeated twice with similar results. p, P , 0.01 compared
to untreated organisms. E:T, effector/target.
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To examine the correlation between the uptake of organisms
and lymphocyte proliferation, larger numbers of CPS-coated
organisms were added to the culture in the hope of increasing
the number of internalized organisms to the level attained with
acapsular C. neoformans. However, this approach failed to
produce an increase in the number of internalized CPS-coated
organisms, and there was no increase in lymphocyte prolifer-
ation (data not shown). Therefore, another approach was used
to correlate the uptake of C. neoformans with lymphocyte pro-
liferation.

To confirm that phagocytosis correlates with the magnitude
of lymphocyte proliferation in response to C. neoformans,
acapsular organisms were cultured in the presence of lido-
caine. Lidocaine inhibits phagocytosis (6), and the reduction in
phagocytosed organisms was correlated with lymphocyte pro-
liferation. There was a dose-dependent inhibition in phagocy-
tosis with between 0.1 and 10 M lidocaine (Fig. 4A) but no
consistent change in the number of cells that bound C. neofor-
mans. There was a dose-dependent reduction in lymphocyte
proliferation with between 0.05 and 10 M lidocaine (Fig. 4B)
that correlated with a reduction in the percentage of cells that
had phagocytosed C. neoformans but not with the percentage
of cells that had bound the organism. To ensure that lidocaine
did not inhibit lymphocyte proliferation by another mecha-
nism, the responses to a mitogen (concanavalin A) and a
superantigen (staphylococcal enterotoxin B), which do not
require phagocytosis, were tested. Lidocaine did not affect
proliferation in response to these stimuli (data not shown).
These studies demonstrate that T-cell proliferation is depen-
dent on uptake of the organism.

Opsonization of polysaccharide-treated C. neoformans over-
comes suppression of lymphocyte proliferation. To determine
if opsonization with human serum could neutralize the inhibi-
tion of lymphocyte proliferation in response to acapsular
C. neoformans that had been coated with CPS, treated C. neo-
formans was incubated for 1 h in non-heat-inactivated hu-

man serum and then used to stimulate lymphocytes to pro-
liferate. Human serum augmented lymphocyte proliferation
in response to polysaccharide-coated C. neoformans (Fig.
5A). This correlated with an increase in the percentage of
cells that had taken up CPS-treated C. neoformans, which
went from 7.0% 6 3.5% of the cells in the absence of serum to
26.9% 6 7.5% of the cells in the presence of serum (n 5 4
experiments).

To determine if MAb to CPS could also overcome suppres-
sion of lymphocyte proliferation, C. neoformans that had been
coated with CPS was incubated with anticapsular antibody and
then used to stimulate lymphocytes to proliferate. Anti-CPS
MAb augmented lymphocyte proliferation in response to poly-
saccharide-treated C. neoformans (Fig. 5B). This correlated
with an increase in the percentage of cells that had taken up
CPS-treated C. neoformans, which went from 11.3% 6 2.3% of
the cells in the absence of antibody to 34.2% 6 4.7% of the
cells in the presence of antibody (n 5 3 experiments).

Opsonization of encapsulated C. neoformans enhances lym-
phocyte proliferation. Having established the effects of an op-
sonic antibody on acapsular organisms that had been coated
with capsular polysaccharide, we performed experiments to
compare the abilities of anti-CPS MAb and human serum to
augment lymphocyte proliferation in response to four different
encapsulated strains of C. neoformans. Preincubation in nor-
mal human serum or with anticryptococcal antibody increased
lymphocyte proliferative responses to encapsulated strains of
C. neoformans regardless of the serotype (Fig. 6), which cor-
related with increased association of C. neoformans with ad-
herent PBMC (data not shown). For all but the most highly
encapsulated strains tested, lymphocyte proliferation was great-
er when organisms were treated with anticapsular antibody
than when they were treated with human serum. Thus, treat-
ment with MAb to CPS was an effective way to augment lym-
phocyte proliferation.

FIG. 4. Inhibition of phagocytosis abrogates uptake and lymphocyte proliferation of acapsular C. neoformans 67. PBMC were stimulated with C. neoformans in the
presence of various concentrations of lidocaine. Coverslips were examined for the percentage of cells that had bound or internalized C. neoformans (Crypto) (A), and
[3H]TdR incorporation was assessed (B). p, P , 0.01 compared to 0 M lidocaine by analysis of variance. The experiment was repeated three times with similar results.
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DISCUSSION

We have made three observations: (i) CPS did not inhibit
lymphocyte proliferation by an IL-10-dependent mechanism or
by directly affecting antigen-presenting or accessory cells; (ii)
CPS suppressed phagocytosis, and this correlated with lympho-
cyte proliferation; and (iii) opsonization with an anticapsular
MAb increased lymphocyte proliferation and phagocytosis and
was more effective than opsonization with human serum.

One of the most important virulence factors of C. neofor-
mans is its polysaccharide capsule. CPS has a number of im-
portant effects on the immune response. It inhibits phago-
cytosis (25) and induces the release of immunosuppressive
cytokines such as IL-10 (45). CPS can also inhibit produc-
tion of TNF-a and IL-1b (44), which are important in the
host defense to C. neoformans (1, 2, 20). Further, CPS can
affect leukocyte infiltration in inflammatory responses by caus-
ing shedding of L-selectin and TNF receptors (14). We and

others have previously shown that there is an inverse correla-
tion between the size of the capsule and lymphocyte prolifer-
ation (5, 33). Further, the addition of exogenous capsule in-
hibits lymphocyte proliferation in response to an acapsular
strain (33). In this study, we found that the major mechanism
by which CPS suppressed lymphocyte proliferation was by in-
hibiting uptake of the organisms that was necessary for pre-
sentation to lymphocytes, rather than by inducing IL-10 or by
directly suppressing the function of antigen-presenting cells or
T cells.

A previous study suggested that CPS-induced IL-10 produc-
tion was an important mechanism in the CPS-mediated sup-
pression of lymphocyte proliferation (40). However, three
pieces of evidence indicate that CPS-induced IL-10 production
was not responsible for suppression of lymphocyte prolifera-
tion in our studies. First, preincubation of responding cells with
CPS failed to affect subsequent lymphocyte proliferation. If
incubation of PBMC with CPS had stimulated the production
of inhibitory concentrations of IL-10, it should have affected
lymphocyte proliferation. We found no suppression when
PBMC were incubated with CPS, suggesting that the effect was
not due to IL-10. Second, previous studies have demonstrated
that an encapsulated strain of C. neoformans does not suppress
the response to an acapsular strain (33). If the encapsulated
strain had been inducing IL-10 production that suppressed
lymphocyte proliferation, the IL-10 produced in response to
the encapsulated strain should have suppressed the prolifera-
tion in response to the acapsular strain. The fact that the
encapsulated strain did not suppress lymphocyte proliferation
in response to the acapsular strain suggests that IL-10 was not
responsible for the effect. Finally, an anti-IL-10 antibody did
not restore lymphocyte proliferation, suggesting that IL-10 is
not the primary reason that CPS reduces proliferative re-
sponses to C. neoformans.

The reason for the discrepancy between our studies and the
previous studies is not apparent; however, the previous studies
evaluated the contribution of IL-10 in response to two noniso-
genic strains of C. neoformans (40), while in our studies, the
same strain was used to compare the responses with and with-
out CPS. Thus, it may be that the effect is related to phenotypic
differences of the strains. We considered the possibility that
the amount of polysaccharide in our cultures overwhelmed the
ability of anti-IL-10 to neutralize the cytokine. This seems
unlikely, since low levels of IL-10 are secreted in response to
CPS, and anti-IL-10 antibody was able to enhance CPS-in-
duced TNF-a release. Our data does agree with the finding by
Retini et al. (40) that CPS impairs phagocytosis and extends
this observation to demonstrate that this is an important mech-
anism responsible for reduced lymphocyte proliferation.

We found that CPS affected lymphocyte proliferation by
binding to C. neoformans. Binding of free polysaccharide to
cryptococcal organisms has been well described (22). Incuba-
tion of nonencapsulated Cryptococcus with purified cryptococ-
cal polysaccharide renders nonencapsulated cells resistant to
phagocytosis (23, 25, 26). We found that CPS bound to the
organisms, which limited uptake and resulted in a significant
reduction in lymphocyte proliferation.

Knowing that diminished lymphocyte proliferation in the
presence of CPS was due to decreased uptake of the organism,
we were interested in determining whether opsonizing the or-
ganism might increase uptake and restore lymphocyte prolif-
eration. Initially, we used human serum as a source of opso-
nins. Human serum with active complement can opsonize C.
neoformans, while heat-inactivated serum does not (7). Cryp-
tococcus is opsonized by C3 fragments, which bind to the cap-
sule and opsonize cryptococci, increasing uptake (28, 29, 31).

FIG. 5. Treatment with non-heat-inactivated human serum or anticapsular
MAb augments lymphocyte proliferation in response to CPS-coated acapsular C.
neoformans 67. PBMC (h) were stimulated with untreated C. neoformans (■) or
C. neoformans that had been preincubated with 10 mg of purified CPS per ml
(�). CPS-treated organisms were incubated in human serum (HS) (A) or with 10
mg of MAb to polysaccharide per ml (B) (`). In panel A the percentage of cells
that had taken up CPS-treated C. neoformans increased from 8% of cells without
serum to 29% of cells with serum opsonization. In panel B the percentage of cells
that had taken up CPS-treated C. neoformans increased from 10% of cells in the
absence of antibody to 45% of cells in the presence of antibody. p, P , 0.05
compared to PBMC plus C. neoformans. †, P , 0.05 compared to PBMC plus
CPS-treated C. neoformans. The experiment was repeated three times with
similar results.

4624 SYME ET AL. INFECT. IMMUN.



Highly encapsulated strains are more potent activators of com-
plement than acapsular strains (48). We found that preincu-
bation in complement-sufficient human serum enhanced up-
take of polysaccharide-coated organisms and that this was
associated with improved lymphocyte proliferation.

The role of natural antibody in the host defense to C. neo-
formans is controversial. Patients who are predisposed to cryp-
tococcal infections have defects in cell-mediated immunity. By
contrast, patients with isolated defects in antibody production
do not have a meaningful increase in the incidence of crypto-
coccal infections. This has led to the assumption that T-cell-
mediated immunity is important, while humoral immunity is
not. However, there are numerous studies demonstrating that
specific anticryptococcal antibody enhances granuloma forma-
tion (17) and is protective in murine models (9, 15, 19, 50).
Since T cells are clearly important in cryptococcal host de-
fense, we considered the possibility that protective antibody
might somehow influence T-cell responses and enhance the
host defense by this mechanism. This is supported by recent
studies demonstrating that T cells can cooperate with admin-
istered antibody to induce protective responses and increase
survival in a murine model (50) and by other studies where
anticryptococcal antibody augmented lymphocyte proliferation
(46). We were interested in determining whether an anticap-
sular MAb was more effective at restoring lymphocyte prolif-
eration than human serum, reasoning that following vaccina-
tion (passive or active therapy with specific anti-CPS antibody),
both would exert their effect in vivo.

Anticryptococcal antibodies can have protective, nonprotec-
tive, or disease-enhancing effects on the host defense (36, 38,
49), suggesting that they have multiple effects on the immune
response. For our studies, we selected antibodies that had been
demonstrated to be protective in a murine system. We found
that lymphocyte proliferation in the presence of a specific
anticapsular antibody was significantly better than that in the
presence of human serum for all but the most highly encapsu-
lated strains of C. neoformans.

Recently, the presence of anticapsular antibody has been
found to increase production of IL-1b, TNF-a, and IL-2 (46).
Our studies indicate that one mechanism by which anticapsular
antibody enhances cell-mediated immunity is by promoting the
uptake of organisms by the antigen-presenting cells, which
facilitates presentation to T cells. Additionally, increased up-
take of the organisms could enhance activation of antigen-
presenting cells, which would in turn enhance production of
IL-1b and TNF-a (46). The increased presentation of antigen
that resulted from enhanced antigen uptake might also en-
hance IL-2 production (46) and hence lymphocyte prolifera-
tion. Thus, the effects of anti-CPS antibody on cytokine levels
can be explained by increased antigen being presented to T
cells as well as increased stimulation and production of favor-
able cytokines.

Our studies support the rationale for vaccine therapy for
cryptococcosis. A vaccine has been prepared by conjugating

FIG. 6. Anticapsular antibody is more effective than human serum in aug-
menting T-cell responses. Various encapsulated strains of C. neoformans (613,
68, 3501, T145, and 6) were not pretreated (No Tx) or pretreated by being
incubated in normal human serum or with 10 mg of anti-CPS antibody per ml for
1 h at 37°C. The organisms were washed and put into culture at 2 3 105/well with
PBMC (2 3 105/well) in medium containing heat-inactivated serum. Seven days
later, lymphocyte proliferation was assessed by [3H]TdR incorporation. Each
symbol represents an individual experiment. Two-way analysis of variance was
performed by the Friedman test, and multiple comparisons determined that
significant differences were found between the group that was not pretreated and
the group that was treated with MAb.
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glucoronxylmannan to tetanus toxoid (11). This vaccine elicits
murine and human antibody responses (10, 11, 39). Antibodies
to glucoronxylmannan conjugated to tetanus toxoid promote
phagocytosis of C. neoformans in the absence of complement
(51), and the vaccine is protective in a murine model (10). Our
data suggests that one mechanism by which these antibodies
may be effective is by enhancing the uptake of organisms by
antigen-presenting cells and thus enhancing presentation to T
cells, augmenting cell-mediated immunity.

In summary, we have shown that exogenous polysaccharide
can inhibit cell-mediated immune responses by binding to or-
ganisms and reducing their uptake by antigen-presenting cells.
Further, opsonization by normal human serum and by anticap-
sular antibody can augment the responses to C. neoformans.
Our studies support the therapeutic potential of stimulating
cell-mediated immunity with anticapsular antibody.
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