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SUMMARY

The results reported herein show that T cells responding to encapsulated Cryptococcus

neoformans cells had reduced expression of interleukin-12 receptor b2 (IL-12Rb2) in

comparison to those responding to non-encapsulated cells. This suggested that encapsulation

with glucuronoxylomannan (GXM), the principal constituent of the C. neoformans

polysaccharide antiphagocytic capsule, inhibited expression of the IL-12Rb2 subunit on

T cells responding to cryptococcal antigens. Addition of GXM-binding monoclonal antibody

(mAb) overcame this effect by promoting IL-12Rb2 expression and by decreasing IL-1R

expression on T cells. This effect may be a consequence of mAb-induced changes on antigen-

presenting cells (APC) that are closely related to increased phagocytosis. Blocking of

phagocytosis with monoiodacetic acid (MIA) precluded up-regulation of B7 expression

on APC and was associated with diminished IL-12Rb2 expression on T cells. The observed

effects on T cells were interpreted as a consequence of increased APC function due to

enhanced phagocytosis. These findings suggest a mechanism by which specific antibody can

promote the polarization of the cellular immune response towards a Th1-like response and

thus contribute to an enhanced cellular immune response against C. neoformans.

INTRODUCTION

Cryptococcus neoformans is an ubiquitous fungus that

is a relatively frequent cause of meningoencephalitis in

immunocompromized patients and can occasionally

cause disease in an immunocompetent host.1,2 The major

virulence factor of the fungus is the polysaccharide capsule

that is composed primarily of glucuronoxylomannan

(GXM) and two minor components, galactoxylomannan

and mannoprotein.3 Deleterious effects attributed to the

capsular polysaccharide include a decrease of antibody

production,4 inhibition of neutrophil migration,5 inhibition

of lymphoproliferation,6,7 inhibition of pro-inflammatory

cytokine secretion, including interleukin-12 (IL-12),8,9 and

release of inhibitory factors such as IL-10.10 Some of these

immunosuppressive effects can be overcome or attenuated

by administration of a specific monoclonal antibody (mAb)

to GXM.11 The ability of specific antibody to mediate

protection against C. neoformans has heightened interest in

the potential of antibody therapy, and an immunoglobulin

G1 (IgG1) mAb to GXM is currently in clinical trial

for therapy against cryptococcosis. In particular, mAb to

GXM restores the lymphoproliferative response12 and

pro-inflammatory cytokine release by monocytes, including

IL-12 production.9 Furthermore mAb to GXM influences

the accessory function of monocytes by regulating

co-stimulatory molecule expression, such as B7-1,13 which

may promote an efficient antigen presentation process that

supports the generation of a T helper type 1 (Th1) protective

response.9 Moreover, improvement of Th1 generation via
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mAb to GXM has been suggested as a means of facilitating

secretion of IL-12, which in turn promotes interferon-c

(IFN-c) release.9

There is a strong body of evidence indicating that the

effective tissue response to C. neoformans is granulomatous

inflammation resulting from a Th1 response.14–16 The

ability to mount a Th1 immune response in humans and

murine cells may be enhanced via increased expression

of IL-12 receptor b2 (IL-12Rb2) subunit.17 In contrast, the

Th2 immune response requires IL-1R expression on

T cells.18 In addition to a requirement for Th1 responses

in control of C. neoformans infection, the administration of

mAb to the capsule has also been shown to prolong survival

and reduce the tissue’s fungal burden in mice. The

mechanism for mAb efficacy against a pathogen, for

which Th1 responses are essential, is not well understood.

However, there is evidence that enhancement of cell-

mediated immunity contributes to the protective efficacy

of mAb.19,20 Considering that mAb therapy is currently in

clinical development, there is a need to understand better

the mechanisms by which mAb to the polysaccharide

capsule can influence the interactions of this fungus with

host immune cells. In this study we evaluated the hypothesis

that encapsulation with GXM could hinder the Th1

response and that mAb to GXM may reverse this effect.

To this end we carried out qualitative and quantitative

analyses of IL-12Rb2 subunit and IL-1R expression in

T cells responding to C. neoformans in the presence and

absence of mAb to the polysaccharide capsule. The results

highlight a new mechanism by which humoral and cellular

immunity interact and provide additional evidence for the

interdependency of both arms of the immune system.

MATERIALS AND METHODS

Reagents and cell purification

Monocytes and T cells were purified from peripheral blood

mononuclear cells (PBMC) from healthy donors as pre-

viously described.20 Monocytes (1r104) were separated by

plastic adherence13 and treated with heat-killed (30 min

at 56u) acapsular (CBS 7698, also known as NIH B-4131)

or encapsulated (CBS 6995, also known as NIH 37)

C. neoformans at an effector to target (E : T) ratio of 1 : 2.

E : T ratios of 1 : 1, 1 : 2, 1 : 5 were chosen from a dose–

response curve. The results showed that maximal stimu-

lation of the lymphoproliferative response occurred at an

E : T of 1 : 2, which was also used in our previous in vitro

studies.21 Additional variables were: the presence or absence

of mAb to GXM (10 mg/ml), prepared as previously

described,22 or 250 mg/ml GXM, prepared as previously

described.23 After 2 hr, monolayers were washed and

1r105 T cells, purified by E-rosetting,20 were added to the

culture. An irrelevant isotype-matched mAb was used as a

control (mouse IgG1, Sigma, St Louis, MO). In selected

experiments monocytes were treated for 3 hr with mono-

iodoacetic acid (MIA; 500 nM) purchased from Sigma. In

parallel experiments, monocytes were treated with heat-

inactivated (30 min at 56u) acapsular (7698) or encapsulated
(6995) C. neoformans at an E : T ratio of 1 : 2 in the presence

or absence of F(abk)2 of a mouse IgG1 anti-human CD152

mAb (anti-CTLA-4) (Ancell Corp., Bayport, ME), mouse

IgMmonoclonal anti-human CD80 (B7-1) (Calbiochem, La

Jolla, CA) or mouse IgG1 anti-human CD28 (Calbiochem).

As a positive control, monocytes plus autologous T cells

were stimulated with human recombinant IL-12 obtained

from Genetic Institute (Cambridge, MA) and human

recombinant IL-2 (Sigma).

Cytofluorimetric analysis of IL-12Rb2 and IL-1R

expression

Cultures of T cells and variously treated monocytes were

incubated for 5 days at 37u in 5% CO2. After incubation,

cells (3r105x5r105) were harvested from each sample and

incubated with 5 mg/ml of rat anti-human IL-12Rb2 (from

Francesco Sinigaglia, Roche, Milan, Italy)17 or with 5 mg/ml

of rat anti-human IL-1R (Serotec, Oxford, UK) followed

by incubation with a fluorescein isothiocyanate (FITC)-

conjugated anti-rat IgG (Sigma). Control samples were

treated with anti-isotype control (irrelevant mAb) and a

FITC-conjugated anti-rat IgG or with secondary mAb

alone (NS). Flow cytofluorimetric analysis was performed

using FACScan (Becton Dickinson, San Jose, CA) as

previously described.24

Statistical analysis

Statistical significance was calculated using Student’s paired

t-test.

RESULTS

Unstimulated T cells did not exhibit surface IL-12Rb2

(Fig. 1). Similarly, T cells treated with GXM alone showed

no increase in expression of IL-12Rb2. The failure of

purified GXM to influence IL-12Rb2 expression is con-

sistent with the known inability of GXM to activate T cells

directly.6 In contrast, acapsular cryptococci proved to be

potent stimulators of IL-12Rb2 expression. The addition of

GXM and acapsular cryptococci also produced appreciable

stimulation of IL-12Rb2 expression, however, the number

of positive cells was considerably lower than that found

after stimulation with acapsular cryptococci alone.

The level of IL-12Rb2 expression following stimulation

with encapsulated cryptococci was similar to the level

observed after stimulation with acapsular cells plus GXM.

Addition of GXM to acapsular cryptococci confers an

experimentally generated capsule on the yeast cells.25

Acapsular cells treated with GXM display several simi-

larities to encapsulated cryptococci, including surface GXM

as shown by immunofluorescence and resistance to phago-

cytosis. The addition of mAb to GXM produced an

appreciable increase in IL-12Rb2 over the levels observed

with encapsulated cells alone (Fig. 1). The combination of

the acapsular strain with a mAb to GXM did not produce

a significant change in IL-12Rb2 expression relative to

stimulation by acapsular cryptococci alone (data not

shown), which is consistent with the fact that the effect of

mAb to GXM was specific for the encapsulated strain. Nor

did the mAb to GXM produce changes in expression by

268 A. Vecchiarelli et al.

# 2002 Blackwell Science Ltd, Immunology, 106, 267–272



unstimulated T cells. Finally, an irrelevant mAb had no

impact on IL-12Rb2 expression on T cells stimulated with

acapsular or encapsulated cells beyond the effect observed

after stimulation with the yeast cells alone (data not shown).

In an effort to understand better the mechanism by

which the mAb to GXM influences IL-12Rb2 expression,

we examined the effect of phagocytosis blockingbyMIA.26,27

Monocytes were treated with MIA (500 nM) for 3 hr and

washed. Encapsulated C. neoformans was then added in

the presence or absence of mAb to GXM for 2 hr. As

shown in Table 1 MIA treatment inhibited the phagocytic

process by about 60% and significantly reduced the per-

centage of cells positive for IL-12Rb2 expression. A non-

specific inhibitory effect of MIA was excluded because

IL-12Rb2 expression on T cells co-cultured with mono-

cytes in the presence of human recombinant IL-12 (5 U/ml)

and IL-2 (100 U/ml) was unaffected by the addition of

MIA (Table 1).

In selected experiments GXM was also used with a

soluble stimulus such as IL-12 (5 U/ml) plus IL-2

(100 U/ml) but no significant changes in IL-12Rb2

expression were observed (data not shown).

Given that the addition of mAb to GXM used in

combination with the encapsulated strain produces an up-

regulation of B7-1 (CD80) relative to encapsulated strain

alone,28 and that increased expression of B7-1 (CD80)

favours Th1 generation,24 we examined the possibility that

the B7-1 co-stimulatory pathway may help the Th1 response

in our experimental system. Addition of mAb to B7-1

(CD80) resulted in a significant down-regulation of

IL-12Rb2 expression on T cells (Fig. 2). Additional evidence

that the co-stimulatory pathway via B-7/CD28 interaction is

important in facilitating IL-12Rb2 expression, is provided

by the fact that the addition of mAb to CD28 in our

experimental system facilitated T-cell proliferation (data not

shown) and IL-12Rb2 expression on T cells (Fig. 3).

The development of Th2 cells can be assessed by

measuring IL-1R expression on T cells responding to the

microbial target.18 To evaluate whether Th1 development,

shown as increased expression of IL-12Rb2, was associated

with a dampening of Th2 generation, IL-1R was determined

on T cells responding to encapsulated C. neoformans in the

presence or absence of mAb to GXM. Moreover, since

cytotoxic T-lymphocyte antigen-4 (CTLA-4) co-stimulatory
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Figure 1. Cytofluorimetric analysis of IL-12Rb2 subunit expression

on T cells. Monocytes (1r104) were incubated with acapsular

C. neoformans (7698) plus or minus GXM (250 mg/ml) or

encapsulated C. neoformans (6995) in the presence or absence of

mAb to GXM (10 mg/ml). After 2 hr the monolayers were washed

to remove unbound yeasts and autologous T cells (1r105) were

added. After 5 days of incubation T cells were harvested and

IL-12Rb2 subunit expression on the T-cell surface was analysed by

cytofluorimeter. Control samples were treated with isotype control

antibody (irrelevant mAb) and a FITC-conjugated anti-rat IgG.

The upper panel shows an experiment representative of four others

performed with similar results. The percentage of positive cells for

IL-12Rb2 expression is shown on each dot plot. The lower panel

shows the results (meantSEM) of four separate experiments from

four different donors. Statistical significance for the indicated pairs

of data was determined by use of Student’s paired t-test.

Table 1. Phagocytic activity of monocytes and IL-12Rb2 expres-

sion by T cells responding to Cryptococcus-laden monocytes

Stimulus MIA

% Phagocytic

cells{
% IL-12Rb2-

positive cells{

C. neoformans x 32.3t5.8 9.4t1.2

(6995) + 11.0t0.8* 4.2t0.6*

C. neoformans x 72.8t3.2 20.0t3.1

(6995)+18B7 + 29.1t2.6* 9.1t2.0*

IL-2 (100 U/ml) x x 35.2t3.1

+IL-12 (5 U/ml) + x 32.4t2.2

Monocytes (1r104) were untreated or treated with monoiodoacetic

acid (MIA; 500 nm) and incubated for 3 hr. Then the cells were washed

and incubated with encapsulated C. neoformans (6995) in the presence

or absence of mAb to GXM (10 mg/ml).

{Phagocytic activity was evaluated as a percentage of phagocytosis at

an E :T ratio of 1 : 10 after 2 hr of incubation at 37u in 5% CO2. The

results represent the meantSEM of four separate experiments from

four different donors.

{Monocytes treated as above were washed and autologous T cells

(1r105) were added. After 5 days of incubation T cells were harvested

and IL-12Rb2 subunit expression was analysed. The percentage of cells

positive for IL-12Rb2 expression is reported. The results represent the

meantSEM of three separate experiments from three different donors.

*P<0.05 (MIA-treated vs. respective MIA untreated cells).
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molecule on T cells is a potent modulatory signal for the

development of the immune response to C. neoformans29

and stimulation of CTLA-4 with mAb to CTLA-4 improves

IFN-c release and possibly Th1 generation,24 we investi-

gated whether mAb to GXM could potentiate this beneficial

effect. The results (Fig. 4) show that an increase of IL-1R

was observed when the encapsulated strain was used alone,

in comparison to expression in the absence of a stimulus

(P<0.05). This increase returned to baseline levels in the

presence of mAb to GXM (P>0.05).

A decrease of IL-1R was observed on T cells responding

to acapsular and encapsulated C. neoformans in anti-

CTLA-4-treated cells (Fig. 4). Moreover, mAb to GXM

potentiated the reduction when used in combination with

the encapsulated strain.

DISCUSSION

The results reported here show that GXM, through its

effects on antigen-presenting cells (APC), can have a major

influence on IL-12Rb2 expression on T cells responding to

fungal cells.

Cells from normal subjects were employed in our

study because there is evidence that most individuals are

exposed to C. neoformans yeast.30 Serological surveys

indicate that the overwhelming majority of adults carry

antibody to C. neoformans polysaccharide and protein.31,32
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Figure 2. Effect of mAb to human B7-1 (CD80) on IL-12Rb2

subunit expression on T cells. Monocytes (1r104) were incubated

with acapsular (7698) or encapsulated (6995) C. neoformans (E : T

ratio 1 : 2) in the presence or absence of mAb to GXM (10 mg/ml) or

irrelevant mAb. After 48 hr the monolayers were washed to remove

unbound compounds and anti-human CD80 (B7-1) (2 mg/ml) or

irrelevant mAb was added and cultures were incubated for 1 hr,

after that autologous T cells (1r105) were added. After 5 days of

incubation T cells were harvested and IL-12Rb2 subunit expression

was analysed on the T-cell surface. Control samples were treated

with isotype control antibody (irrelevant mAb) and a FITC-

conjugated anti-rat IgG or with secondary mAb alone (NS=not

stimulated). The results are the meantSEM of three separate

experiments. Statistical significance for the indicated pairs of data

were determined by use of Student’s paired t-test.

%
 P

os
iti

ve
 c

el
ls

30

0

15

25

10

5

20

Ir
re

le
va

nt
m

A
b

m
A

b 
to

G
X

M

69
95

69
95

+
m

A
b 

to
G

X
M

N
S

P<0.05

P<0.05

P<0.01

None Irrelevant mAb mAb to CD28

P<0.05
P<0.05

Figure 3. Effect of mAb to human CD28 on IL-12Rb2 subunit

expression on T cells. Monocytes (1r104) were incubated with

encapsulated (6995) C. neoformans (E : T ratio 1 : 2) in the presence

or absence of mAb to GXM (10 mg/ml) or irrelevant mAb. After

48 hr the monolayers were washed to remove unbound compounds

and anti-human CD28 (2 mg/ml) or irrelevant mAb and autologous

T cells (1r105) were added. After 5 days of incubation T cells were

harvested and IL-12Rb2 subunit expression was analysed on the

T-cell surface. Control samples were treated with isotype control

antibody (irrelevant mAb) and a FITC-conjugated anti-rat IgG

or with secondary mAb alone (NS=not stimulated). The results

are the meantSEM of three separate experiments. Statistical

significance for the indicated pairs of data were determined by use

of Student’s paired t-test.
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Figure 4. Effect of mAb to GXM on IL-1R expression on T cells.

Monocytes (1r104) were incubated with or without encapsulated

C. neoformans (E : T ratio 1 : 2) in the presence or absence of mAb

to GXM (10 mg/ml). After 2 hr the monolayers were washed to

remove unbound compounds and autologous T cells (1r105)

were added in the presence or absence of anti-CTLA-4 (Fabk)2
(2.5 mg/ml). After 5 days of incubation T cells were harvested.

Surface IL-1R expression on T cells was analysed by flow

cytometry. Control samples were treated with isotype control

antibody (irrelevant mAb) and a FITC-conjugated anti-rat IgG

or with secondary mAb alone (NS=not stimulated). The results

are the meantSEM of three separate experiments. Statistical

significance for the indicated pairs of data were determined by

use of Student’s paired t-test.
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Furthermore, there is evidence that infection occurs in

childhood such that most individuals have been exposed to

C. neoformans by adolescence.33 In addition, the specificity

of the T-cell response by healthy donors was supported

by our previous studies where robust T-cell response and

IFN-c production were observed after C. neoformans

stimulation.9,28,34 The fact that specific mAb to GXM

produced an appreciable enhancement of T-cell pro-

liferation only in response to the encapsulated strain also

provides strong support for the specificity of this response.16

GXM influences the immune response to C. neoformans

by two general mechanisms. Firstly, soluble GXM can

directly influence cells responding to the yeast.6,10 Secondly,

GXM, inhibits the phagocytosis of yeast cells when

organized into a capsule.25 GXM alone had no effect on

T-cell IL-12Rb2 expression showing that this compound

is not per se a negative signal on the cytokine receptor

expression. However, when GXM was added to acapsular

cells it reduced IL-12Rb2 expression in a manner similar to

that observed for encapsulated cells. This result indicates

that the effects of GXM on T-cell IL-12Rb2 are due to

its antiphagocytic effect and that the primary operative

mechanism is inhibition of phagocytosis. That being the

case, antibody to GXM enhances IL-12Rb2 expression

in T cells by promoting phagocytosis of C. neoformans

through FccR in APCs.

These results support the argument that phagocytosis

of cryptococci by APC is important in regulation of IL-

12Rb2 expression on T cells and suggest that one action

of anti-GXM mAb is to facilitate internalization of

C. neoformans via FccR and the generation of molecular

signals associated with phagocytosis. Because IL-12 secre-

tion bymonocytes in response to encapsulatedC. neoformans

was augmented when mAb to GXM was used,9 the

enhancement of B7-1 expression combined with enhanced

IL-12 production could contribute to amplifying Th1 gene-

ration and, as a consequence, enhance T-cell IL-12Rb2
expression. IndeedmAb toGXM induces numerous changes

on APC that reflect a more efficient antigen presentation.

In particular, up-regulation of B7 appears to be associated

with IL-12Rb2 overexpression, since blocking of the B7

pathway resulted in a significant reduction in IL-12Rb2

expression. This result highlights the ability of mAb to

regulate co-stimulatory molecule expression on APC and

illustrates a novel link between the capacity of a specific

mAb to influence co-stimulatory molecule expression and

the capability to switch the T-cell phenotype. Other

effects of mAb to GXM on APC functions that may

contribute to the regulation of the immune response

include enhancement of MHC class II,28 CD40

expression (unpublished results) and IL-12 secretion.9

The simultaneous presence of T cells bearing IL-12Rb2 or

IL-1R in response to encapsulated C. neoformans suggests

that the Th1 and Th2 response can coexist, at least for

a period of time, during development of the immune

response to C. neoformans. The ultimate polarization of

the response may be affected by other factors, such as the

presence of specific mAb. Moreover, it is conceivable that

an optimal Th1 response is induced and maintained when

the immunosuppressive properties of the C. neoformans

capsule are neutralized by specific mAb. This is consistent

with the capacity of mAb to GXM to counterbalance

the capsular inhibitory effect on (i) B7 co-stimulatory

molecules and MHC class II expression on APC,13,28 (ii)

IL-12 secretion by APC,9 and (iii) IL-2 and IFN-c
secretion by T cells.28 An in vivo correlate for these effects

is suggested by the observation that mice given specific

mAb to GXM mount a more intense granulomatous

inflammation in response to C. neoformans infection than

control mice.19

The evidence that B7-1 (CD80) expression indeed

contributes to augmenting IL-12Rb2 expression on T cells,

helping Th1 generation induction, highlights a new link

between humoral and cellular immunity, pointing out a new

mechanism by which mAb to GXM facilitates a protective

response. This is consistent with our previous results

showing that the B7-1 co-stimulatory pathway influences

T-cell activation.28 Additional evidence that B7/CD28

ligation is important for Th1 generation in our experimental

system is supported by the fact that stimulation by mAb

to CD28 results in an amplified Th1 differentiation.

Taken together, these results shed new light on the

mechanisms by which encapsulation with GXM contributes

to C. neoformans virulence and how mAbs to GXMmediate

protection. Encapsulation with GXM, but not free GXM

itself, limits stimulation of IL-12Rb2 subunit expression on

T cells responding to cryptococcal antigens. By overcoming

the antiphagocytic action of the cryptococcal capsule, anti-

GXM mAb facilitates IL-12Rb2 expression on T cells. This

effect suggests a novel role for specific antibody in host

defence and provides further evidence of co-operation

between humoral and cellular immunity.
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