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B7 costimulatory ligand regulates development of the T-cell response to
Cryptococcus neoformans
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SUMMARY

The contribution of B7 molecules to the induction and maintenance of the T-cell response to the
human pathogenic fungus Cryptococcus neoformans was investigated. T-cell activation by C.
neoformans was regulated by B7 molecules. This costimulatory signal was necessary for initiation
and maintenance of the T-cell response, through early and late requirements for B7-CD28
interaction. Blocking B7-2 inhibited the normal T-cell proliferative response. This inhibition was
due, in part, to a reduced capability of T cells to produce interleukin-2 (IL-2). In contrast, the
same T-cell population produced more interferon-y. Suppression of the normal lymphoproliferation
and IL-2 secretion responses to encapsulated C. neoformans by antibodies to B7 was largely
reversed by addition of the monoclonal antibody 2H1, that is reactive with the major capsular
polysaccharide, glucuronoxylomannan. Overall, our data indicate that B7 molecules play a critical
role in T-cell activation by C. neoformans and suggest that appropriate manipulation could drive

T helper type 1 cell development.

INTRODUCTION

Cryptococcus neoformans is an opportunistic pathogenic yeast.
Disseminated cryptococcosis occurs rarely in healthy individ-
uals, whereas individuals with compromised cellular immunity
are at increased risk for cryptococcosis.! Cryptococcus neofor-
mans is surrounded by a capsule whose major constituent is
the polysaccharide, glucuronoxylomannan (GXM), and at
least two minor carbohydrate antigens, galactoxylomannan
and mannoprotein.> Capsular polysaccharide is a prominent
virulence factor because it is antiphagocytic® and interferes
with antigen processing and presentation by non-professional
antigen-presenting cells (APC). This interference is observed
as inhibition of T-cell activation when monocytes exposed to
C. neoformans are used as APC.*> Subsequent studies under-
lined the role of GXM encapsulation in suppression of the
T-cell response.® Opsonization of encapsulated cryptococci
with anti-GXM monoclonal antibody (mAb) enhances the
ability of monocytes to process C. neoformans yeast cells,
leading to an enhanced T-cell proliferative response.’
Antigen presentation and immune recognition are two
critical events in the generation of effective inflammatory
responses to microbial pathogens. The generally accepted
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model of T-cell activation requires two signals.® The first signal
is the occupancy of the T-cell receptor (TCR) by a complex
of the antigenic peptide and major histocompatibility complex
(MHC) molecules on the APC surface. The second signal
results from binding costimulatory (CS) factors or a ligand
molecule on the APC surface to a receptor on the T-cell
surface. Based on the two-signal model, T cells triggered by
TCR in the absence of costimulation become anergic.’

The major CS signal appears to be provided by the B7
molecules B7-1 (CD80) and B7-2 (CDS86) on the APC. Rec-
ent studies have reached different conclusions for the relative
roles of B7-1 and B7-2 in mediating CS interactions with
CD28/CTLA-4 and subsequent T-cell differentiation. Some
reports suggest that B7-1 and B7-2 have overlapping functions
in vitro,'®'! while other studies imply that interleukin-4 (IL-4)
production by T cells is particularly dependent on B7-2 signal-
ling.'>** In vitro differentiation of TCR transgenic T cells to
the T helper type 1 (Thl) functional phenotype is inhibited
by incubation with mAb to B7-1, whereas mAb to B7-2
impairs the development of Th2 clones.'* Administration of
mADb to B7-1 and/or mAb to B7-2 during an in vivo immune
response has provided different results depending on the system
involved.'#~1¢ In experimental autoimmune encephalomyelitis,
treatment with mAb to B7-1 diminishes the severity of neuro-
logical disease, which is mediated by Thl cells, whereas
administration of mAb to B7-2 enhances disease manifes-
tations.!*! In contrast, in the non-obese diabetic mouse that
develops autoimmune diabetes, blocking B7-2 reduces disease
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severity while blocking of B7-1 enhances disease severity.!® In
both systems Th1 and Th2 components are present throughout
the course of autoimmune disease. In contrast, infectious
pathogens often elicit strong, highly polarized type 1 or type
2 immune responses. However, few studies have examined the
role of B7-1 versus B7-2 in providing costimulation for T-cell
effector functions in these systems.

In a previous study, we demonstrated that C. neoformans
can induce B7-1 and B7-2 molecule expression in human
monocytes, but the magnitude of the effect is dependent on
yeast encapsulation and is influenced by the presence of
capsule-specific antibody.!” The present study evaluated
the contribution of CS molecule expression to regulation of
both T-cell activation and phenotypic T-cell shifting (to a
Thl response) in response to encapsulated and acapsular
cryptococci.

MATERIALS AND METHODS

Reagents and media
RPMI-1640 with glutamine and fetal bovine serum (FBS)
were obtained from Gibco BRL (Paisley, UK ). Human serum
(HS) from healthy blood type AB donors was obtained from
Sigma (St Louis, MO). The mAb 2HI is a murine immuno-
globulin G1 (IgG1) that binds to GXM of serotypes A, B, C
and D. It was purified from ascites fluid by protein-G affinity
chromatography.!® GXM was isolated from culture super-
natant fluid of a serotype A strain [ATCC 24064; American
Type Culture Collection (ATCC), Rockville, MD] that was
grown on a liquid synthetic medium!® in a gyrator shaker for
4 days at 30°. GXM was isolated using differential precipitation
with ethanol and hexadecyl trimethyl ammonium bromide
(CTAB, Sigma).?°

RPMI-1640, FBS, HS, C. neoformans yeast cells and mAb
2H1 were tested for endotoxin contamination by a Limulus
amoebocyte lysate assay (Sigma) which had a sensitivity of
~0-05-0-1 ng of Escherichia coli lipopolysaccharide (LPS)
per ml. All reagents tested negative for LPS by this assay.
Mouse isotype control IgG1,k mouse isotype control IgM and
fluorescein isothiocyanate (FITC)-conjugated monoclonal
anti-rabbit immunoglobulins were provided by Sigma. FITC-
conjugated mouse mAb to human CD86 (B7-2; Cat. no.
217632), mouse mAb to human CD80 (B7-1; Cat. no. 217625)
and mouse mAb to human CD86 (B7-2; Cat. no. 217630)
were purchased from Calbiochem-Novabiochem Corporation
(San Diego, CA). FITC-conjugated mouse mAb to human
MHC class II (Cat. no. 131-020) and phycoerythrin (PE)-
conjugated mouse mAb to human CD14R (Cat. no. 163-050)
were purchased from Ancell Corporation (Bayport, MN).

Micro-organisms

The two strains of C. neoformans used in this study were
obtained from Dr J. Orendi (Central Bureau Schimmel (CBS)
Cultures, Delft, the Netherlands). Strain 6995 (CBS 6995 =
NIH 37; National Institutes of Health, Bethesda, MD) is a
thinly encapsulated isolate of serotype A. Cryptococcus neofor-
mans strain 7698 is an acapsular mutant (CBS 7698 = NIH
B-4131). The cultures were maintained by serial passage on
Sabouraud agar (BioMerieux, Lyon, France) and harvested
by suspending a single colony in RPMI-1640, washed twice,
counted on a haemocytometer and adjusted to the desired

concentration. The C. neoformans yeast cells were killed before
use by autoclaving.

Preparation of peripheral blood monocytes

Heparinized venous blood, obtained from healthy donors, was
diluted with RPMI-1640. Peripheral blood mononuclear cells
(PBMC) were separated by density gradient centrifugation on
Ficoll-Hypaque.?! The cells at the interface were washed twice
in RPMI-1640, placed into cell culture Petri dishes (Nunc
Inter Med, Roskilde, Denmark) at a concentration of
2 x 10°-3 x 10°/ml in RPMI-1640 supplemented with 5% FBS
and 100 U penicillin/ml and 100 pg of streptomycin/ml, and
incubated at 37° in 5% CO, for 1 hr. The non-adherent cells
were removed by washing the dishes three to five times with
warm RPMI-1640. Adherent cells were carefully recovered
with a rubber policeman. The harvested cells were 95-98%
esterase positive and > 98% viable as evaluated by trypan blue
dye exclusion. Non-adherent cells were E rosetted as previously
described.* The cells recovered were T lymphocytes [(E*),
>98% CD3"], as evaluated by flow cytometry analysis.

Lymphocyte proliferation assay

Monolayers of PBMC (2 x 104/cells) adherent to flat-bottomed
96-well plates were incubated with or without heat-inactivated
C. neoformans (2x10%) for 24 hr at 37° in 5% CO, in
RPMI-1640 plus 10% HS, and used throughout as APC. Then
the PBMC monolayers were washed to remove unbound
micro-organisms. Subsequently, autologous T(E™) cells
(1x10%) in RPMI-1640 plus 10% HS were added to the
cultures. At various days, the cultures were pulsed for 18 hr
with  0-5pCi  [PH]thymidine (Amersham International,
Amersham, UK); thereafter the cells were collected onto filter
paper using a cell harvester (Flow Laboratories, McLean,
VA). The dried filters were counted directly in a B-scintillation
counter (Packard Instruments, Downers Grove, IL).
Proliferation was expressed as mean values of indicated
replicates + standard error (SE).

Flow cytometry analysis

Human monocytes (1x10°) in RPMI-1640 containing 10%
HS were incubated for 18 hr with cells of encapsulated strain
6995 [effector-to-target ratio (E:T)=1:3] or acapsular strain
7698 (E:T=1:3) in polycarbonate tubes. After treatment, the
monocytes were recovered by washing (1500 g for 10 min)
twice in phosphate-buffered saline (PBS) containing 0-5%
bovine serum albumin and 0-4% sodium azide. The monocytes
were mixed with 80 ul of FITC-conjugated mAb to CD86
(1:100) or the irrelevant FITC-conjugated, isotype-matched
anti-rabbit IgGl. After 30 min of incubation on ice, the
cells were washed twice and then stained for 30 min with
PE-conjugated antibody to CDI14. For each sample, B7-2
expression was measured on the surface of CD14-positive cells
using a fluorescence-activated cell sorter (FACS; Becton
Dickinson, San Jose, CA). Human monocytes were also
analysed for MHC class 1I expression. Monocytes (1 x 10°)
were challenged with encapsulated strain 6995 or acapsular C.
neoformans (7698) with or without GXM (250 pg/ml) at an
E:T ratio of 1:2 in the presence or absence of mAb 2H1
(10 pg/ml). After 18 hr of incubation, monocytes were reco-
vered, washed in PBS containing 0-5mM ethylenediamine
tetraacetic acid (EDTA), and fixed with 3% paraformaldehyde
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for 10 min at room temperature. To stain the intracellular
pool of MHC class II molecules, the cells were permeabilized
for 10 min at room temperature with HEPES-buffered PBS
containing 0:1% saponin (Sigma) and stained with FITC-
labelled antibody to human MHC class II (Ancell Corp.,
Bayport, MN) in HEPES-buffered PBS containing 0-1% sap-
onin and 5% FCS as previously described.?

Cytokine determination

Cytokine levels in the culture supernatants were measured
with a human enzyme-linked immunosorbent assay (ELISA)
kit for human interferon-y (IFN-y) and IL-2 (Biosource
International, Camarillo, CA) and for human IL-10 (Poiesys
S.r.l,, Padova, Italy).

RNA isolation

Total RNA was isolated by acid guanidine isothiocyanate—
phenol-chloroform extraction as described.?® In brief, peri-
pheral blood leucocytes (PBL, 5 x 10°) were lysed with denat-
uring solution containing 4 mm guanidine isothiocyanate,
25 mm sodium citrate, 0-5% sarcosyl, 0-1 M 2-mercaptoethanol.
Sequentially, 0-1 vol. 2M sodium acetate (pH4), 1 vol. of
water-saturated phenol and 0-2 vol. of chloroform-isoamylic
alcohol mixture (49:1) was added to the lysate and mixed
thoroughly after the addition of each reagent. The final mixture
was cooled for 15 min on ice and centrifuged at 10000 g for
20 min at 4°. The aqueous phase was mixed with an equal
volume of isopropanol and the RNA was sedimented by
centrifugation (10000 g for 30 min at 4°), washed in 75%
ethanol, vacuum dried (10 min) and dissolved in diethyl pyro-
carbonate (DEPC)-treated water. The amount of RNA was
determined by spectrophotometry.

Reverse transcriptase-polymerase chain reaction (RT-PCR)
analysis of cytokine mRNA and GAPDH mRN A
For each sample, 1 pg of total RNA was reverse transcribed
in a volume of 20 ml RT buffer (Tris-HCl 1M pH=8-3,
MgCl, 1M, KCI 1M, dithiothreitol 150 mMm, dNTPs 25 mm)
containing 20 U RNAsin, 1 pg oligo-dT primer and 200 U
murine Moloney leukaemia virus (MMLYV; Gibco BRL). The
RT reaction was performed for 1 hr at 37° using a HYBAID
OMN:-E Thermocycler, and the samples were stored at —20°
until PCR analysis was performed. The cDNA was amplified
in the presence of 0-05 mM 5" and 3’ primers (Stratagene, La
Jolla, CA), 2 mm deoxynucleotides (Promega, Milan, Italy)
and 0-5U of Ampli Tac Polymerase (Pharmacia, Uppsala,
Sweden) and 10 x PCR buffer. The PCR was for 35 cycles as
follows: 5 min denaturation at 94° and 5 min annealing at 60°
and 1-5min at 72°. Cytokine-specific primer pairs amplified
GAPDH (600 bp), IFN-y (501 bp) and IL-2 (457 bp) were
provided by Stratagene. The primer pair sequences were:
GAPDH  sense, CCACCCATGGCAAATTCCATGGC;
GAPDH antisense, TCTAGACGGCAGGTCAGGTCCACC;
IFN-y sense, ATGAAATATACAAGTTATATCTTGGCTTT;
IFN-y antisense, GATGCTCTTCGACCTCGAAACAGCAT;
IL-2 sense ATGTACAGGATGCAACTCCTGTCTT; IL-2
antisense GCTAGTGTTGAGATGATGCTTTGAC.

PCR products were analysed by electrophoresis on 2%
agarose gels stained with ethidium bromide to quantify the
size of the banding pattern, 0-5 pg of 100 bp DNA ladder
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(Gibco BRL) was run in parallel. Gels were scanned on a
densitometer and analysed using Molecular Analyst.

RESULTS

In a first series of experiments, we determined whether the B7
signal was involved in the initiation of T-cell activation or
whether B7 ligation also regulated later phases of the TCR to
cryptococcal cells. To this end, Cryptococcus-laden monocytes
were cocultured with autologous T cells. Under these exper-
imental conditions, 18-25% of monocytes phagocytosed
encapsulated C. neoformans and 40—60% phagocytosed acapsu-
lar C. neoformans. Anti-B7-1 or anti-B7-2 mAbs were added
at the time of culture preparation (day 0) or on days +1, +2,
+3, and +4 after initiation of the culture, and lymphoprolifer-
ation was measured. The results (Fig. 1) show that the mAb
to B7-2 significantly reduced the T-lymphocyte proliferative
response to both encapsulated and acapsular cryptococci if
the antibody was added at any time during the first 2 days
after culture preparation. The time—course of the inhibitory
effect mediated by the mAb to B7-1 was similar to that
observed using mAb to B7-2. However, mAb to B7-1 inhibited
T-cell activation to a lesser extent than mAb to B7-2 (Fig. 1).
Since the inhibitory effect of antibody to B7-2 was greater
than the effect of antibody to B7-1, most subsequent experi-
ments focused on the action of the mAb to B7-2.

The IgG1 mAb to GXM known as 2H1 has been shown
to augment host resistance to C. neoformans in several exper-
imental models®>#~2 and to promote granulomatous inflamma-
tory responses. In vitro, addition of mAb 2H1 to suspensions
of monocytes, T lymphocytes and C. neoformans enhanced
lymphoproliferation’ and promoted B7-1 expression on mono-
cytes.!” Since mAb 2H1 is a potent opsonin for C. neoformans
and doubled the phagocytic capacity of monocytes towards
encapsulated C. neoformans in our experimental system, we
considered the possibility that antibody-mediated opsonization
could reverse the suppression of lymphoproliferation which
results from the treatment of cells with mAb to B7-2.
Consequently, we examined the ability of mAb 2H1 to restore
mAb to B7-1- or B7-2-mediated inhibition of T-cell
proliferation.

The addition of mAb to B7-2 produced the expected
decrease of lymphoproliferation in response to encapsulated
or acapsular cryptococci alone (Fig. 2). The presence of mAb
2H1 reversed the inhibitory effect for encapsulated cryptococci,
but had no effect on the mAb to B7-2-mediated suppression
of the proliferative response to acapsular cryptococci. In a
similar manner, mAb 2HI1 restored the lymphoproliferative
capacity of cells treated with mAb to B7-1 (data not shown).

It has been reported that over-expression of B7-1 and/or
B7-2 is able to regulate IFN-y production by human peripheral
blood T cells cultured in the presence of P-815 cells transfected
with human CD80 or CD86.8 However, reports differ on the
role of B7-1 or B7-2 CS signals to help in the generation of a
Th1- or Th2-type response, respectively.'#'® We addressed the
contribution of B7-1 or B7-2 in driving the T-cell phenotype
by blocking either molecule with specific mAb. An increase in
IFN-y secretion was observed when mAb to B7-2 was used
(Fig. 3). In particular, production of IFN-y was consistently
enhanced when the acapsular (7698) strain was used (P <0-01).
In the presence of the encapsulated strain 6995, IFN-y secretion
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Figure 1. Effect of mAb to B7-1 or B7-2 on the T-cell proliferative response to monocytes treated with acapsular (7698) or
encapsulated (6995) C. neoformans (E:T ratio 1:2). The mAb to B7-1 or B7-2 (2 pg/ml) was added at the time of coculture
preparation (monocytes plus autologous T lymphocytes, day 0) or at various days (+1, +2, +3, +4) after culture initiation. The
determination of lymphoproliferation was performed on day 7 of culture. Values represent the mean c.p.m.+SE of six separate
experiments from six different donors. In all determinations c.p.m. values of unstimulated cells were always <2000. *P <0-05
(mAb to B7-1 or to B7-2 treated versus respective untreated cells).

was also augmented but to a lesser extent (P<0-05, Fig. 3).
As previously observed, mAb 2H1 was able to augment IFN-y
secretion by T cells responding to encapsulated C. neofor-
mans*"?® but no synergistic effect was observed with mAb to
B7-2 in induction of IFN-y.

Consistent with inhibition of lymphoproliferation, IL-2
production decreased when mAb to B7-2 was added to culture
(P<0-01). The addition of mAb 2H1 to encapsulated crypto-
cocci partially restored the down-regulation of IL-2 induced
by mAb to B7-2 (P<0-01, Fig.3). Indeed, mAb to B7-2
inhibited T-cell proliferation in response to encapsulated and
acapsular cryptococci and this inhibition was completely
reversed by addition of 20 U/ml of exogenous IL-2 (data not
shown). In agreement with our previous observations, addition
of mAb 2H1 induced a significant increase of IL-2 from T
lymphocytes when the encapsulated strain was used.” The
molecular events responsible for IFN-y and IL-2 modulation
caused by addition of mAb to B7-2 were further assessed by
RT-PCR. As illustrated in Fig. 3, analysis of mRNA from
cells cultured with Cryptococcus-laden monocytes in the pres-
ence of mAb to B7-2 showed that IL-2 inhibition occurs at

the transcriptional level. In contrast, enhancement of IFN-y
mRNA expression was observed in the same experimental
conditions.

To further investigate the mechanism by which mAb 2H1
restored the effects produced by inhibiting B7-2, we evaluated
the effect of mAb 2H1 on MHC expression. Since C. neofor-
mans has been shown to down-regulate MHC class II molecule
expression on monocytes through a polysaccharide-related
mechanism, we hypothesize that mAb 2H1 may reverse this
effect by binding to the capsule and serving as an opsonin. To
evaluate MHC class II expression on monocytes, mAb was
added to cocultures of encapsulated (strain 6995) and acapsu-
lar (7698) C. neoformans and monocytes, and MHC class II
expression was measured as both surface and total expression.
In the absence of mAb 2H1, MHC class II expression is
reduced when monocytes are cultured with the encapsulated
strain, GXM, or the acapsular strain plus GXM (Fig. 4a).
However, addition of mAb 2H]1 reversed this phenomenon for
all three conditions (Fig. 4a). To establish whether the mAb
2H1 effect was due to enhanced synthesis of MHC class II or
to a redistribution of the intracellular pool of these molecules,
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Figure 2. Effect of anticapsular antibody on the proliferative response of T lymphocytes to C. neoformans. Monocytes were treated
with acapsular (7698) or encapsulated (6995) C. neoformans (E: T ratio 1:2) in the presence or absence of anti-GXM mAb 2H]I
(10 pg/ml), mAb to B7-2 (2 pg/ml), or mAb to B7-2 (2 pg/ml) plus mAb 2H1 (10 pg/ml). Proliferation was measured on days 3
and 7 of culture. The c.p.m. represents the mean + SE of four separate experiments from four different subjects. In all determinations
c.p.m. values of unstimulated cells were always <2000. *P<0-05 (mAb to B7-2 plus mAb 2H]I-treated versus mAb to B7-

2-treated cells).

we measured both surface and total expression and obtained
a measure of the intracellular pool by subtracting surface
mean fluorescence intensity from total mean fluorescence
(Fig. 4¢c) in the presence and absence of mAb 2H1 (Fig. 4b).
In the presence of mAb 2HI1 there was a consistent
up-regulation of MHC class II on monocytes with simul-
taneous down-regulation of these molecules in the intracyto-
plasmic pool. Although small, the effect is consistent with
increased translocation of MHC class II to the cellular
periphery.

DISCUSSION

This study was designed to determine the potential role of CS
molecules, B7-1 and B7-2, in the induction and maintenance
of T-cell activation and in promoting Thl cell development to
C. neoformans. Expression of B7-1 and B7-2 is necessary for
T-cell activation and the paucity of these CS molecules has
been implicated in immune evasion of tumour cells.?® The
manipulation of B7 molecules and their ligands on T lympho-
cytes has been proposed as an efficient tool for therapeutic
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30,31 autoimmune

intervention as well as
disease. 1471632

The results reported here show that optimal C. neoformans-
induced T-cell activation is dependent on availability on the
APC of CS molecules, B7-1 and B7-2. Blockade of B7 mol-
ecules by antibodies reactive with B7-1 and B7-2 reduced the
T-cell proliferative response to both encapsulated and acapsu-
lar cryptococci. The contribution of B7 molecules to the T-cell
lymphoproliferative response appears to be more important
for B7-2 than B7-1 molecules. Despite the fact that B7-CD28
is important in T-cell proliferation, as shown by the significant
reduction in proliferation produced by blocking B7 molecules,
T-cell proliferation was never completely abrogated. This
residual response suggests that a subpopulation of T cells may
not require the B7 signal to respond to C. neoformans.
Alternatively, CS molecules other than B7 could be involved.

Our data provide evidence for the involvement of B7 both
at the beginning of T-cell activation and also at later stages.
This conclusion is based on our observation that T-cell prolifer-
ation is significantly decreased if the B7 blocking mAb
is added up to 48 hr after coculture of yeast-stimulated

in parasitic
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Figure 3. IFN-y and IL-2 production (upper panel) by PBMC (2 x 10°/ml) unstimulated or stimulated with acapsular (7698) or
encapsulated (6995) C. neoformans (E: T ratio 1:2) in the presence or absence of mAb 2HI1 (10 pg/ml), mAb to B7-2 (2 pg/ul),
or mAb to B7-2 (2 ug/ml) plus mAb 2H1 (10 pg/ml). The mAbs were added at the time of culture preparation. IFN-y and IL-2
were determined in supernatant fluids after 7 days of culture. The results are the means+ SE of four separate experiments from
four different donors. *P<0-05 (mAb to B7-2 versus no mAb) TP <0-05 (mAb to B7-2 plus mAb 2H1 versus mAb to B7-2-treated
cells). Analysis of I1L-2 and IFN-y gene expression (lower panel) by PBMC cultured for 7 days unstimulated (no mAb) or
stimulated as indicated. —, No DNA was added to amplification mixture during PCR. M, DNA markers. The results are from one

representative experiment of three performed.

monocytes and T cells. As a consequence, the prolonged
interaction of B7-CD28 plays a pivotal role in triggering and
maintaining the T-cell response.

Both B7-1 and B7-2 molecules have been shown to modify
the T-cell cytokine profile promoting Thl and Th2 generation,
respectively.®*-** Our results show that by blocking B7-2 there
is a consistent increase of IFN-y confirming that blocking

B7-2 favours Thl development!* and strongly suggest that

measures which influence B7 molecule expression could help
in the development of protective Thl responses against C.
neoformans.>

A dichotomous effect in IL-2 and IFN-y production was
observed when B7-2 molecules were blocked by specific mAb;
IL-2 was inhibited and IFN-y was enhanced. The molecular
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Figure 4. MHC class II expression on the surface (a), inside (b) and
in whole (c) monocytes exposed or not to acapsular (7698) or
encapsulated (6995) C. neoformans (E:T ratio 1:2), to GXM
(250 pg/ml) or to the acapsular strain (7698) plus GXM (250 pg/ml)
in the presence or absence of mAb 2HI1 (10 pg/ml) for 18 hr. The
intracellular pool of MHC class II expression was determined by
subtracting the surface mean fluorescence intensity from the total
mean fluorescence in the presence and absence of mAb 2HI1. The
results are the mean+SE of three separate experiments from three
different donors. *P <0-05 (mAb 2H1-treated versus untreated cells).

analysis showed that regulation of IL-2 and IFN-y secretion
occurred at the transcriptional level for both cytokines. A
GXM-binding mAb selectively bypassed the mAb to B7-
2-mediated inhibitory effect on both T-cell proliferation and
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IL-2 production implying stimulation of an alternative acti-
vation pathway.

Having previously established that GXM-binding mAb has
the capacity to enhance IL-2 and facilitate T-cell proliferation,’
we considered the possibility that addition of mAb 2H1 to the
system might reverse the T-cell suppression mediated by mAb
specific for B7-2. Such a reversal did, in fact, occur. The mAb
2HI1 partially reversed the suppressive effect of mAb to B7-2
on IL-2 and T-cell activation. This correlated with the aug-
mented internalization of encapsulated C. neoformans by
monocytes suggesting a potential involvement of the phago-
cytic process in the observed phenomenon. However, mAb
2H1 had no effect on IFN-y production, suggesting that in
this system the increased proliferation of T cells and IL-2
secretion did not necessarily correlate with their capacity to
secrete IFN-y.

The mechanism by which antibody reactive with the crypto-
coccal capsule could partially reverse the suppressive effect of
a mAD reactive with B7-2 could be due, at least in part, to
the capability of mAb 2H1 to up-regulate B7-1'7 and MHC
class II expression. This is consistent with the ability of mAb
to B7-1'7 as well as mAb to MHC class II molecules® to
reduce lymphoproliferation. Our results suggest that the
increase in MHC class II expression mediated by mAb 2H1 is
attributable, in part, to increased translocation of the intracel-
lular pool of MHC class II molecules to the cellular periphery.
The observation that the addition of mAb 2H1 and GXM
was sufficient to increase expression of MHC class II molecules
on surface monocytes further suggests that this effect can be
caused by immune complexes alone. Complexes may be able
to trigger increased MHC expression directly by stimulating
Fc receptors.®® Alternatively, mAb 2H1 has been shown to
promote IFN-y release from suspensions of lymphocytes,
monocytes and C. neoformans; IFN-y is known to enhance
expression of MHC class IT molecules.?’

The demonstration that a pathogen-specific antibody can
affect the regulation of MHC class II molecules is a novel
function for humoral immunity and suggests another potential
mechanism for synergy between humoral and cellular immun-
ity. In this regard, it is noteworthy that administration of anti-
GXM mAbs to mice with C. neoformans infection has been
associated with a more intense granuloma formation;*® the
enhanced expression of MHC class II molecules observed in
this study may contribute to this effect.

In conclusion, our results provide direct and unequivocal
evidence for the involvement of B7 molecules in the induction
of T-cell responses to C. neoformans antigens. The findings
that mAbs to GXM and B7-2 could affect T-cell proliferation
and IL-2 secretion suggest that some combinations of these
antibodies could be used for optimal T-cell activation. For
example, it may be possible to direct a T-cell response towards
Thl by modulating the activation of B7 molecules. In this
regard, blocking of B7-2 in T cells produced more IFN-y but
not more IL-2, whereas addition of mAb 2H1 partially reversed
these effects. The results emphasize the critical role of B7
molecules in the triggering, establishment, and maintenance
of the T-cell response to C. neoformans and provide encourage-
ment for the plans to use antibody therapy in the treatment
of cryptococcal infections.
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