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Addition of a monoclonal antibody which binds the Cryptococcus neoformans capsule to suspensions of human
monocytes, T lymphocytes, and cryptococcal cells (i) enhances interleukin-133 (IL-1f3), tumor necrosis factor
alpha, and IL-2 production; (ii) reduces IL-10 secretion; and (iii) promotes T-cell proliferation. The ability of
specific antibody to influence cytokine production and lymphoproliferation suggests a mechanism by which
humoral immunity can influence cell-mediated immunity.

Cryptococcus neoformans is a yeast-like fungus which causes
incurable life-threatening meningoencephalitis in 5 to 10% of
patients with AIDS. C. neoformans is unusual among fungal
pathogens in that it has a polysaccharide capsule that is im-
portant for virulence (10). Cell-mediated immunity has been
extensively implicated as an important defense mechanism
against C. neoformans infection (13). In contrast, the role of
natural antibody-mediated immunity in protection against
C. neoformans is uncertain (7). In animal models of infection,
there is convincing evidence that administration of preformed
antibody to the polysaccharide capsule can prolong survival
and reduce organ tissue fungal burden (12). The efficacy of
some antibodies against C. neoformans has led to the devel-
opment of a highly immunogenic polysaccharide-protein
conjugate vaccine for the prevention of cryptococcal infec-
tion (2).

Granuloma formation has been temporally associated with
control of C. neoformans infection in lung tissue (5). Capsular
polysaccharide is released during infection into body tissues
(11), and it may produce a variety of deleterious effects on host
immunity (3, 9, 14, 15, 19, 20). Specific antibody is effective in
clearing serum polysaccharide antigen from animals (6) and
humans (7). Antibody-treated mice have earlier and better
organized granuloma formation than do control mice after
pulmonary infection (4). Administration of specific antibody to
the polysaccharide capsule also enhances the formation of
monocyte histiocytic rings in murine intraperitoneal infection;
these rings may be precursors of granuloma formation (16,
17). The mechanism by which antibody administration en-
hances the inflammatory response is unknown.

In the present study, we tested the ability of a protective
monoclonal antibody (MAb 2H1) to modulate cytokine
ex-pression and T-cell response against C. neoformans.
The experimental approach was to add MAb 2H1 to sus-
pensions of monocytes, T lymphocytes, and C. neoformans
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cells and to measure supernatant cytokines and lymphopro-
liferation.

RPMI 1640 and fetal bovine serum were obtained from
Eurobio Laboratories (Paris, France). Human serum was
obtained from Biosource International (Camarillo, Calif.).
Lipopolysaccharide (LPS) from Escherichia coli 055:135 was
obtained from Difco Laboratories (Detroit, Mich.). Antiglucu-
ronoxylomannan (anti-GXM) MAb (MAb 2H1) was iso-
lated from ascites fluid as previously described (12). The
RPMI 1640, fetal bovine serum, human serum, C. neofor-
mans cells (approximately 5 X 10%), and MAb 2H1 (50
wng/ml) were tested for endotoxin contaminations by L. ame-
bocyte lysate assay (Sigma), which had a sensitivity of ap-
proximately 0.05 to 0.1 ng of E. coli LPS per ml. All reagents
tested negative.

Two strains of C. neoformans var. neoformans were used: a
serotype A thinly encapsulated strain (CBS 6995 = NIH 37,
National Institutes of Health, Bethesda, Md.) and an acapsular
mutant (CBS 7698 = NIH B-4131). The cultures were main-
tained by serial passage on Sabouraud agar (BioMerieux,
Lyon, France). For our experiments, a single colony was grown
and cells were collected as previously described (19). C. neo-
formans cells were killed by autoclaving. Mononuclear cells
were separated by Ficoll-Hypaque density gradient centrifuga-
tion as previously described (20). Lymphocyte proliferation
assays were done as previously described (18). In selected
experiments, the cells were not pulsed with *H[thymidine],
supernatants were harvested after 3 or 7 days, and interleukin-
10 (IL-10) or IL-2 levels were determined. Phenotypic analysis
of proliferating T lymphocytes was evaluated by flow cytometry
analysis as previously described (18).

To test for IL-1B and tumor necrosis factor alpha (TNF-a)
production, supernatants were obtained as previously de-
scribed (20). Cytokine levels in culture supernatants were mea-
sured with an enzyme-linked immunosorbent assay kit for hu-
man IL-1B, IL-2, and IL-10 (Seromed; Biochrom KG, Berlin,
Germany) and a bioassay for TNF-a as previously described
(20).

In the absence of MAb 2H1, coincubation of human mono-
cytes with either the acapsular strain 7698 or the encapsulated
strain 6995 at an effector-cell-to-target-cell (E-to-T) ratio of
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FIG. 1. TNF-« and IL-1B production by monocytes treated with LPS (10 pg/ml) or with a C. neoformans encapsulated (6995; E-to-T ratio, 1:1) or acapsular (7698;
E-to-T ratio, 1:1) strain in the presence or absence of anti-GXM MAb (MAb 2H1; 10 wg/ml). Results are the means of four separate experiments from four different
donors + standard errors of the means (SEMs). *, P < 0.01 (MAb 2H1 plus C. neoformans [6995 or 7698]-treated versus C. neoformans [6995 or 7698]-treated cells)

according to Student’s ¢ test.

1:1 stimulated TNF-« and IL-1B secretion after 18 h of incu-
bation (Fig. 1). TNF-o and IL-1B secretion were higher for the
acapsular strain than for the encapsulated strain, consistent
with earlier reports that polysaccharide can down regulate
TNF-a production (20). As shown in Fig. 1, addition of MADb
2H1 (10 wg/ml) significantly increased TNF-a and IL-1B pro-
duction in response to the encapsulated strain but not the
acapsular strain. In the presence of MAb 2H1, the levels of
proinflammatory cytokine production in response to the en-
capsulated strain were similar to those observed for the
acapsular strain. This result indicates that addition of a
capsule-binding antibody can reverse the down-regulatory
effect of the capsular polysaccharide.

Coincubation of monocytes, lymphocytes, and the acapsular
C. neoformans strain resulted in an increase in IL-2 secretion
(Table 1). Addition of MAb 2H1 had little or no effect on
cytokine secretion in response to the acapsular strain. In
contrast, coincubation of monocytes, lymphocytes, and the
encapsulated strain significantly enhanced IL-10 and re-
duced IL-2 levels relative to those measured with the acap-
sular strain. Addition of MAb 2HI1 to the encapsulated
strain profoundly reduced IL-10 levels and enhanced IL-2
production.

The polysaccharide capsule of C. neoformans is believed to
contribute to virulence by interfering with the generation of
antigen-specific T-cell responses (18). Since MAb 2H1 is a
potent opsonin, we hypothesized that addition of MAb 2H1
would lead to phagocytosis and augment the capacity of pe-
ripheral blood monocytes (PBM) to induce T-cell prolifera-
tion. Consistent with this premise, coincubation of MAb 2H1-
opsonized C. neoformans strains 7698 (acapsular) and 6995
(encapsulated) with T lymphocytes resulted in a significant
increase in T-cell proliferation in response to the encapsulated
strain but not the acapsular strain (Table 2). The acapsular
strain lacks capsular polysaccharide, which is the antigen rec-
ognized by MAb 2HI1. T-cell proliferation in response to
C. neoformans was studied as a function of MAb 2H1 concen-
tration for both the acapsular and encapsulated strains (Table
3). For the acapsular strain, addition of increasing amounts

of MAb 2H1 had little or no effect on T-cell proliferation.
For the encapsulated strain, the magnitude of T-cell prolif-
eration increased with increasing amounts of MAb 2HI.
Phenotypic analysis of proliferating T cells (in the absence or
presence of MAb 2H1) to Cryptococcus (6995 or 7698)-laden
monocytes was evaluated. Cytofluorometric analysis showed
that the cells recovered were >70% CD4 positive.

Our results indicate that antibody to GXM can alter the
cytokines produced by human cells in response to C. neofor-
mans in vitro. Our observations are consistent with previous
reports that immune complexes can induce IL-1 and TNF (8)
production by human monocytes. However, our results are
novel in that we observed simultaneous enhancement of
TNF-a, IL-1B, and IL-2 production and down regulation of
IL-10 after incubation of MAb 2H1, C. neoformans, mono-
cytes, and T cells. Hence, addition of MAb altered the cytokine
profile in cell supernatants to favor Thl-associated cytokines.

TABLE 1. Cytokine levels in supernatants of cocultures of
Cryptococcus-laden monocytes plus T lymphocytes in the
presence or absence of anti-GXM MAb (MADb 2H1)

Cytokine production (pg/ml)”

Stimulus(i)
IL-10 on day 3 IL-2 on day 7
None 2*0 4+0
7698 7%1 29 =2
7698 + MAb 2H1? 6+1 28 +2
6995 42 = 4 171
6995 + MAb 2H1 3x2° 34 £ 2°

“IL-10 and IL-2 were determined in supernatant cocultures of monocytes
laden with an encapsulated (6995) or acapsular (7698) strain of C. neoformans
plus T lymphocytes. The results are the means of four separate experiments from
four different donors = SEMs.

® MAb 2H1 (10 pg/ml) was added together with C. neoformans strains at the
time of culture preparation.

¢P < 0.01 (MAD 2H1 plus C. neoformans [6995]-treated cells versus C. neo-
formans [6995]-treated cells) according to Student’s ¢ test.
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TABLE 2. Lymphoproliferative response of T lymphocytes [T(E*)] to monocytes (PBM) laden with an encapsulated (6995) or
acapsular (7698) strain of C. neoformans in the presence or absence of anti-GXM MAb (MAb 2H1)

Cells and treatment

Response (cpm) on day indicated”

1 2 3 7
PBM’ + T(E*) 300 + 20 400 + 30 510 + 20 500 + 20
(PBM + MAb 2H1) + T(E") 310 = 50 400 * 20 500 + 35 530 + 50
PBM + T(E*) + concanavalin A 2,000 = 140 28,500 + 300 63,000 + 500 50,700 + 55
(PBM + 7698) + T(E") 780 = 100 1,500 + 100 30,000 + 980 43,000 * 580
(PBM + 7698 + MAb 2H1) + T(E") 780 + 90 1,400 + 90 26,000 + 250 45,000 + 1,610
(PBM + 6995) + T(E") 650 = 60 1,100 * 120 15,000 = 90 25,000 * 1,100
(PBM + 6995 + MAb 2H1) + T(E") 670 + 60 1,300 = 50 17,000 + 90¢ 29,404 = 1,000

4 Proliferation of T lymphocytes was measured by [*H]thymidine incorporation at the indicated days. The results are the means of four separate experiments from

four different donors + SEMs.

?PBM (2 X 10*) were incubated with or without a C. neoformans encapsulated (6995) or acapsular (7698) strain (2 X 10°) in the presence or absence of MAb 2H1

(10 wg/ml) for 2 h. Then, monocyte monolayers were washed.
¢ Autologous T cells [T(E™), 10°] were added subsequently.

4P < 0.01 (MAb 2H1 plus C. neoformans [6995]-treated cells versus C. neoformans [6995]-treated cells) according to Student’s ¢ test.

The suppression of IL-10 produced by monocytes in conditions
in which MADb 2H1 is added may reflect either neutralization of
the IL-10-inducing properties of the C. neoformans polysac-
charide or down regulation of IL-10 production by Fc receptor
cross-linking or both.

Our results suggest two additional functions for antibody-
mediated immunity: the modulation of cytokine synthesis and
the enhancement of T-cell responses. The mechanism by which
MADb 2H1 modulated cytokine production by monocytes may
involve both Fc receptor cross-linking and related signal trans-
duction events and/or neutralization of the down-regulating
effects of cryptococcal polysaccharide. Similarly, MAb 2H1
could have enhanced T-cell proliferation by promoting phago-
cytosis and antigen presentation. Our observations suggest that
the protective effects associated with antibody administration
in animal models may be a result of enhanced cell-mediated
immunity. The finding that specific antibody can affect cytokine
secretion and T-cell proliferation provides a link between cel-
lular and humoral immune responses and suggests that the
presence of specific antibody may affect the cellular immune
response.

TABLE 3. Proliferative response of T lymphocytes to monocytes
laden with an encapsulated (6995) or acapsular (7698) strain
of C. neoformans in the presence or absence of various
doses of anti-GXM MAb (MADb 2H1)

Response (cpm) for strain®

Treatment
7968 6995

None 37,000 = 3,000 21,000 = 1,600
MAb 2H1?

0.1 pg/ml 38,000 = 1,800 23,000 = 3,000

0.25 pg/ml 34,000 = 1,500 21,000 = 3,600

5 pg/ml 39,000 = 3,000 32,000 *+ 1,900¢

10 pg/ml 36,000 = 5,000 36,000 = 2,800¢

“ Proliferation of T lymphocytes was measured by [°H]thymidine incorpora-
tion after 7 days of incubation. The results are the means of four separate
experiments from four different donors = SEMs.

® MADb 2H1 was added together with a C. neoformans encapsulated (6995) or
acapsular (7698) strain (2 X 10°) at the indicated doses to PBM (2 X 10*) for 2 h.
Then, monocyte monolayers were washed and, subsequently, autologous T cells
[T(E™), 10°] were added.

¢ P < 0.01 (MADb 2H1 plus C. neoformans [6995]-treated versus C. neoformans
[6995]-treated cells) according to Student’s ¢ test.
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