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ABSTRACT Cryptococcus neoformans is one of the most common causes of fungal disease in HIV-infected persons, but not all of
those who are infected develop cryptococcal disease (CD). Although CD4� T cell deficiency is a risk factor for HIV-associated
CD, polymorphisms of phagocytic Fc gamma receptors (FCGRs) have been linked to CD risk in HIV-uninfected persons. To in-
vestigate associations between FCGR2A 131 H/R and FCGR3A 158 F/V polymorphisms and CD risk in HIV-infected persons, we
performed PCR-based genotyping on banked samples from 164 men enrolled in the Multicenter AIDS Cohort Study (MACS): 55
who were HIV infected and developed CD and a matched control group of 54 who were HIV infected and 55 who were HIV unin-
fected. Using additive and allelic statistical models for analysis, the high-affinity FCGR3A 158V allele was significantly associated
with CD status after adjusting for race/ethnicity (odds ratio [OR], 2.1; P � 0.005), as was the FCGR3A 158 VV homozygous geno-
type after adjusting for race/ethnicity, rate of CD4� T cell decline, and nadir CD4� T cell count (OR, 21; P � 0.005). No associa-
tions between CD and FCGR2A 131 H/R polymorphism were identified. In binding studies, human IgG (hIgG)-C. neoformans
complexes exhibited more binding to CHO-K1 cells expressing FCGR3A 158V than to those expressing FCGR3A 158F, and in
cytotoxicity assays, natural killer (NK) cells expressing FCGR3A 158V induced more C. neoformans-infected monocyte cytotox-
icity than those expressing FCGR3A 158F. Together, these results show an association between the FCGR3A 158V allele and risk
for HIV-associated CD and suggest that this polymorphism could promote C. neoformans pathogenesis via increased binding of
C. neoformans immune complexes, resulting in increased phagocyte cargo and/or immune activation.

IMPORTANCE HIV-associated CD4� T cell deficiency is a sine qua non for HIV-associated cryptococcal disease (CD), but not all
patients with CD4� T cell deficiency develop CD despite serological evidence of previous infection. At present, there are no bio-
markers that predict HIV-associated CD risk. The goal of our study was to understand whether Fc gamma receptor (FCGR) poly-
morphisms that have been shown to portend CD risk in HIV-uninfected people are associated with CD risk in HIV-infected peo-
ple. Such biomarkers could identify those who would benefit most from targeted prophylaxis and/or earlier treatment,
particularly in sub-Saharan Africa, where there are nearly a million cases of HIV-associated CD annually. A biomarker of risk
could also identify potential candidates for immunization, should there be a vaccine for Cryptococcus neoformans.
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Cryptococcus neoformans is the main cause of fungal meningitis
in HIV-infected and HIV-uninfected individuals. Human in-

fection with C. neoformans, which occurs after acquisition of the
fungus from the environment by inhalation, results in a state of
latency that is thought to follow colonization of the respiratory
tree (1). Most cases of clinically manifest cryptococcal disease
(CD) are due to a breakdown in latency, which is most commonly
caused by the progressive loss of CD4� T cells that occurs in those
with HIV infection (2, 3). However, given that not all HIV-
infected individuals with CD4� T cell deficiency develop CD de-
spite serological evidence of previous infection (4–7), additional
markers are needed to predict CD risk. Such biomarkers could

have a major impact by identifying those who would benefit most
from targeted prophylaxis and/or earlier treatment. HIV-
associated CD remains a major cause of morbidity and mortality
globally, particularly in sub-Saharan Africa, where nearly a mil-
lion cases and half a million deaths due to CD are estimated to
occur annually (8).

Although HIV infection is a strong risk factor for CD, CD also
occurs in apparently immunocompetent individuals and patients
with other types of immune impairment, including that caused by
corticosteroids and immunosuppressive agents used for solid-
organ transplantation (3, 9–11). To date, a unifying defect that
explains CD risk in immunosuppressed as well as apparently im-
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munocompetent patients has not been identified. IgM and mem-
ory B cells have been implicated in resistance to HIV-associated
CD (12), and studies in mice have linked these factors to contain-
ment of C. neoformans in the lungs and prevention of dissemina-
tion to the brain (13, 14). However, it is clear that additional
factors contribute to CD risk and, in this regard, antibody immu-
nity has been the focus of many studies over the past decade and a
half. Serum IgG reactive with the glucuronoxylomannan (GXM)
component of cryptococcal capsular polysaccharide (GXM-IgG)
and C. neoformans proteins has been identified in HIV-infected
and HIV-uninfected adults and children (4–7, 15, 16), and many
studies show that GXM-IgG enhances macrophage phagocytosis
of C. neoformans (17–20).

IgG mediates phagocytosis via Fc gamma receptors (FCGR)
(21), which were required for a mouse GXM-IgG1 monoclonal
antibody to protect mice against lethal C. neoformans infection
(22). On the other hand, human IgG1 enhanced CD in mice, while
IgG2 and IgG4 were protective (23). Although this could have
been owed in part to species differences in human IgG-mouse
FCGR binding, human IgG2 mediates phagocytosis via (human)
FCGR2A, the only FCGR to which it binds (24). Underscoring the
role that IgG2-FCGR2A binding could play in protection against
C. neoformans, immune sera from recipients of an experimental
GXM-TT vaccine mediated human macrophage C. neoformans
phagocytosis via FCGR2A (18). Thus, it is logical to posit that
GXM-IgG could influence host defense against C. neoformans via
IgG subclass binding to FCGRs and be affected by FCGR polymor-
phism. Indeed, allelic polymorphisms of phagocytic FCGRs,
namely, FCGR2A 131 H/R (rs1801274) and FCGR3A 158 F/V
(rs396991), were associated with CD risk in HIV-uninfected Cau-
casians (25), whereas 232I/T (rs1050501) polymorphism of the
nonphagocytic, inhibitory FCGR2B, but not FCGR3A 158 F/V,
was associated with CD risk in a Chinese cohort (26).

In this study, we sought to extend the aforementioned associ-
ations between FCGR2A (131H/R) and FCGR3A (158F/V) ge-
netic polymorphisms and CD risk in HIV-uninfected individuals
to HIV-infected individuals enrolled in the Multicenter AIDS Co-
hort Study (MACS). We chose to focus on polymorphisms of
these low-affinity phagocytic receptors because their polymorphic
variants bind IgG with different affinities and thus influence
FCGR effector functions, including phagocytosis and antibody-
dependent cytotoxicity (ADCC). The FCGR2A 131-H allele binds
IgG2 with higher affinity than the R allele (24, 27) and is effectively
the only FCGR that binds human IgG2. The FCGR3A 158V allele
binds all IgG subclasses with higher affinity than the 158F allele
(24, 27, 28). Our data revealed an association between the
FCGR3A 158V allele and HIV-associated CD after adjusting for
demographic and clinical characteristics and factors also associ-
ated with CD risk, e.g., the rate of CD4� T cell decline and nadir
CD4� T cell count.

RESULTS
Study population characteristics. The study population con-
sisted of 164 homosexual/bisexual men enrolled in the Multi-
center AIDS Cohort Study (MACS), an ongoing study of the nat-
ural history of HIV infection (29). Banked serum samples from (i)
55 HIV-infected participants who developed a confirmed
(culture- and/or antigen-positive) case of CD (HIV-positive
[HIV�] CD� group); (ii) 54 HIV-infected participants who did
not develop CD matched to HIV� CD� participants on age, re-

cruitment site, and CD4� T cell levels at enrollment (HIV� CD�

group); and (iii) 55 HIV-uninfected participants with no history
of CD matched to the 55 HIV� CD� subjects by age and recruit-
ment site with no history of CD (HIV� CD� group) were used to
obtain DNA for genotyping and serological studies. The matching
criteria for this nested case-control study are described in detail in
Materials and Methods.

Demographic and clinical characteristics of the study popula-
tions are shown in Table 1. All participants were male, the major-
ity (81%) were non-Hispanic white, and the median age was
34 years (interquartile range [IQR], 30 to 40 years). As expected
given the matched case-control study design, the groups did not
differ by age or, among HIV-positive participants, by CD4� T cell
level at the first HIV-positive study visit (medians of 605 and
619 cells/�l for the HIV� CD� and HIV� CD� groups, respec-
tively; P � 0.80). The HIV� CD� group did, however, have a
shorter time to first AIDS diagnosis and lower nadir CD4� T cell
level and initiated highly active antiretroviral therapy (HAART)
earlier than the HIV� CD� group (Table 1), suggesting that the
rate of HIV disease progression after matching was higher for the
HIV� CD� than for the HIV� CD� group.

Associations between FCGR3A and FCGR2A genotypes and
CD. Genotyping for FCGR2A 131 H/R and FCGR3A 158 F/V
polymorphisms was performed using gene-specific primers and
PCR amplification followed by sequencing, as described in Mate-
rials and Methods. The genotype frequencies of FCGR2A 131 H/R
(HH, HR, and RR) and FCGR3A 158 F/V (FF, FV, and VV) in the
HIV� CD�, HIV� CD�, and HIV� CD� groups are shown in
Table 2. Notably, the high-affinity FCGR3A 158 VV genotype was
more common among men who developed CD (22%) than
among the controls (9% in the combined HIV� CD� and HIV�

CD� groups).
In multivariable analyses based on different genetic models of

inheritance (additive, dominant, and recessive), we observed con-
sistent significant associations between the FCGR3A 158V allele
and risk of CD, with odds ratios (ORs) ranging between 2.1 and
3.1 (Table 3). In an allelic model that allowed us to examine
FCGR3A 158 VV homozygosity and 158 FV heterozygosity sepa-
rately, there was a strong significant association between CD sta-
tus and the FCGR3A 158 VV genotype (OR, 4.5; 95% confidence
interval [CI], 1.5 to 13.1; P � 0.007). CD risk was also elevated for
men with the FCGR3A 158 FV heterozygous genotype, but this
association was not statistically significant (OR, 2.0; 95% CI, 0.9 to
4.4; P � 0.08). When analyses were restricted to non-Hispanic
white men or to HIV-infected participants alone, the association
between the FCGR3A 158 VV genotype and CD risk was signifi-
cant among non-Hispanic whites (OR, 3.6; 95% CI, 1.2 to 11.0; P
� 0.03) but that for HIV-infected participants was not statistically
significant (OR, 2.5; 95% CI, 0.8 to 8.3; P � 0.14), most likely
because of smaller sample sizes and reduced statistical power (Ta-
ble 3). No significant associations were observed between
FCGR2A 131 H/R polymorphism and CD in any of the statistical
models (Table 3).

Adjustment for rate of CD4� decline and nadir in analyses of
FCGR3A and CD. Since the rates of HIV disease progression dif-
fered between the HIV� CD� and HIV� CD� groups following
their matching visits (Table 1), we controlled for both the rate of
CD4� decline and the CD4� nadir to minimize the possibility that
the observed association between FCGR3A 158 F/V polymor-
phism and CD might reflect a link between FCGR3A and HIV
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disease progression, an association observed in a prior study (30).
Under an additive model of genetic inheritance with adjustments
for CD4� T cell nadir and decline in addition to race/ethnicity, we
observed a significant association between the FCGR3A 158V al-
lele and CD (OR, 3.3; 95% CI, 1.4 to 7.9; P � 0.007). The magni-
tude of this association was similar under a dominant model of
genetic inheritance, although not statistically significant (Table 4).
However, significant associations were observed under a recessive
model (OR, 17.6; 95% CI, 2.1 to 148.2; P � 0.008) and in the allelic
model, where the FCGR3A 158 VV genotype had a significant
association with CD (OR, 20.9; 95% CI, 2.5 to 177.3; P � 0.005)

but the FCGR3A 158 FV genotype did not (OR, 1.7; 95% CI, 0.5 to
5.5; P � 0.41). A rapid CD4� T cell decline following matching, as
defined in Materials and Methods, was also a significant, indepen-
dent risk factor for CD under each model of genetic inheritance
(Table 4). A CD4� nadir of �50 cells/�l and other race/ethnicity
were also associated with CD, with significant or borderline sig-
nificant associations under each model of genetic inheritance.

Total serum IgG1, IgG2, and IgG3 levels and antibodies to
GXM. Next, we investigated the relationship between total and
GXM-IgG levels and CD status. No associations between serum
IgG subclasses or GXM-IgG levels and CD were observed. There

TABLE 1 Characteristics of the study populationa

Study participant characteristic

Value(s) for indicated population (n � 164)

HIV� CD� (n � 55) HIV� CD� (n � 54) HIV� CD� (n � 55)

Median (IQR) age 34 (29–37) 34 (30–37) 35 (31–45)
No. with race/ethnicity:

White non-Hispanic 43 48 42
Otherb 12 6 13

No. with yr of first HIV-positive study visit:
1984–1986 45 44 NA
1987–1990 10 10 NA

No. with CD4� count at first HIV-positive visit
(cells/�l):
�200 1 2 NA
200–500 16 13 NA
�500 38 39 NA

Median (IQR) CD4� nadir (cells/�l)c 42 (16–133) 75 (16–295) NA
No. with CD4� nadir (cells/�l):

�50 29 22 NA
50–99 9 6 NA
100–199 8 9 NA
�200 9 17 NA

No. with yr of first HAARTc:
1993–1996 54 42 NA
1997–2000 1 11 NA
2001–2005 0 1 NA

No. with clinical AIDSc,d 55 32 NA
Median (IQR) no. of yrs from first HIV-positive

visit to clinical AIDSc,e

5.8 (3.8–7.4) 8.3 (6.5–9.5) NA

a HAART, highly active antiretroviral therapy; IQR, interquartile range; NA, not applicable.
b Other races and ethnicities included the following: for the HIV� CD� population, Hispanic (n � 5), black non-Hispanic (n � 4), Asian or Pacific Islander (n � 1), and other
race/ethnicity (n � 2); for the HIV� CD� population, Hispanic (n � 1) and black non-Hispanic (n � 5); and for the HIV� CD� population, Hispanic (n � 5), black non-
Hispanic (n � 7), and other race/ethnicity (n � 1).
c Significantly different (P � 0.05) by a t test or Fisher’s exact test.
d In the HIV� CD� control group, the most common AIDS diagnoses were Pneumocystis jirovecii pneumonia, Kaposi’s sarcoma, cytomegalovirus infection, atypical mycobacterial
infection, and Candida esophagitis.
e Among study participants who received a clinical AIDS diagnosis.

TABLE 2 Fc gamma receptor genotype frequencies in the study population

Study population

No. (and/or %) of participants with each genotype frequency

FCGR3A 158 F/V FCGR2A 131 H/R

FF FV VV HH HR RR

All participants (n � 164) 60 (36) 82 (50) 22 (13) 22 (13) 97 (59) 45 (27)
HIV� CD� (n � 55) 13 (23) 30 (54) 12 (22) 8 (14) 32 (58) 15 (27)
HIV� CD� (n � 54) 24 (44) 27 (50) 3 (5) 5 (9) 34 (63) 15 (27)
HIV� CD� (n � 55) 23 (42) 25 (45) 7 (12) 9 (16) 31 (56) 15 (27)
Caucasiansa (50) (39) (11) (31) (44) (25)
African Americansb (42) (50) (8) (26) (43) (31)
a Genotype frequencies in normal healthy U.S. Caucasians (44).
b Genotype frequencies in normal healthy U.S. African Americans (44).
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was also no significant difference in total serum IgG1, IgG2, IgG3,
or GXM-IgG levels between the HIV� CD� and HIV� CD�

groups (Fig. 1). However, each HIV-infected (HIV� CD� and
HIV� CD�) group had more serum IgG1 and IgG3 and less IgG2
than the HIV-uninfected (HIV� CD�) group (Fig. 1A to C). The
levels of GXM-IgG did not differ between the HIV-infected

groups, but each group (HIV� CD� and HIV� CD�) had a sig-
nificantly higher level than the HIV-uninfected group (Fig. 1D).

IgG-C. neoformans immune complexes have a higher fre-
quency of binding to CHO-K1 cells expressing FCGR3A 158V
than to those expressing FCGR3A 158F. Since FCGR3A 158V
was associated with CD risk in our HIV-infected cohort and in a

TABLE 3 Associations between FCGR3A and FCGR2A polymorphisms and CD by genetic model of inheritancea

Study population

FCGR3A 158 F/V FCGR2A 131 H/R

Inheritance OR (95% CI) P Inheritance OR (95% CI) P

All men (HIV� CD�

versus HIV� CD�

and HIV� CD�;
n � 164)

Additive 2.1 (1.2–3.5) 0.005 Additive 1.0 (0.7–1.3) 0.79
Dominant 2.4 (1.2–5.1) 0.02 Dominant 0.9 (0.3–2.1) 0.74
Recessive 3.1 (1.2–8.0) 0.02 Recessive 1.0 (0.5–2.0) 0.97
Allelic Allelic
FF 1.0 HH 1.0
FV 2.0 (0.9–4.4) 0.08 HR 0.9 (0.3–2.2) 0.74
VV 4.5 (1.5–13.1) 0.007 RR 0.9 (0.3–2.4) 0.79

Non-Hispanic white
men (HIV� CD�

versus HIV� CD�

and HIV� CD�;
n � 133)

Additive 1.9 (1.1–3.3) 0.02 Additive 0.8 (0.5–1.5) 0.51
Dominant 2.3 (1.0–5.4) 0.05 Dominant 0.8 (0.3–2.3) 0.73
Recessive 2.5 (0.9–6.5) 0.07 Recessive 0.8 (0.3–1.8) 0.53
Allelic Allelic
FF 1.0 HH 1.0
FV 1.9 (0.8–4.8) 0.17 HR 0.9 (0.3–2.5) 0.82
VV 3.6 (1.2–11.0) 0.03 RR 0.7 (0.2–2.3) 0.54

HIV-positive men
(HIV� CD� versus
HIV� CD�;
n � 109)

Additive 1.7 (1.0–3.0) 0.08 Additive 1.0 (0.5–1.8) 0.93
Dominant 2.1 (0.9–4.6) 0.07 Dominant 1.0 (0.4–2.8) 0.93
Recessive 1.8 (0.6–5.4) 0.30 Recessive 0.9 (0.4–2.3) 0.84
Allelic Allelic
FF 1.0 HH 1.0
FV 2.0 (0.8–4.6) 0.12 HR 1.1 (0.4–3.0) 0.89
VV 2.5 (0.8–8.3) 0.14 RR 1.0 (0.3–3.2) 0.95

a Data were adjusted for race/ethnicity, age, recruitment site, recruitment wave, CD4� T-cell level (�50 at the first HIV-positive study visit), availability of serum samples �2 years
apart, and duration of CD-free follow-up time.

TABLE 4 Associations between FCGR3A 158 F/V polymorphisms and CD in HIV-positive men, controlling for race/ethnicity, rate of CD4� T cell
decline and CD4� nadir, by model of genetic inheritance

Parameter
No. of men
(n � 109)

Value(s) for indicated inheritance modela

Additive Dominant Recessive Allelic

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

FCGR3A 158 F/V genotype 3.3 (1.4–7.9) 0.007 2.9 (1.0–8.4) 0.06 17.6 (2.1–148.2) 0.008
FF 37 —b — — 1.0
FV 57 — — — 1.7 (0.5–5.5) 0.41
VV 15 — — — 20.9 (2.5–177.3) 0.005

CD4� statusc

Stable CD4� count 34 1.0 1.0 1.0 1.0
Heterogeneous CD4�

decline
62 1.4 (0.4–4.9) 0.56 1.8 (0.6–5.7) 0.31 1.4 (0.4–5.2) 0.60 1.4 (0.4–5.0) 0.64

Rapid CD4� decline 13 31.6 (2.3–438.2) 0.01 24.4 (2.3–263.6) 0.008 48.6 (2.9–807.3) 0.007 43.4 (2.6–736.5) 0.009
CD4� nadir

�200 26 1.0 1.0 1.0 1.0
100–200 17 1.3 (0.2–8.3) 0.78 1.1 (0.2–6.4) 0.89 0.9 (0.1–6.7) 0.94 1.1 (0.2–8.2) 0.93
50–100 15 5.3 (0.8–34.1) 0.08 5.0 (0.8–30.1) 0.08 4.0 (0.7–23.4) 0.12 4.5 (0.7–28.8) 0.11
�50 51 6.1 (1.0–35.0) 0.04 4.2 (0.9–19.7) 0.07 5.8 (0.9–37.9) 0.07 6.4 (1.0–41.6) 0.05

Race/ethnicity
White non-Hispanic 91 1.0 1.0 1.0 1.0
Other race/ethnicity 18 9.0 (1.2–65.5) 0.03 6.2 (1.0–37.7) 0.05 15.6 (1.8–133.3) 0.01 14.0 (1.6–124.1) 0.02

a Results are from a single multivariable conditional logistic regression model that included all covariates shown in the table.
b Only a single odds ratio for FCGR3A 158 F/V is produced in additive, dominant, and recessive models.
c CD4� statuses are defined in Materials and Methods.
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previous study of HIV-uninfected individuals (25), we compared
the affinities of FCGR3A 158V and FCGR3A 158F for IgG-
opsonized C. neoformans using CHO-K1 cells transfected with
these receptors. For these studies, surface expression of FCGR3A
was first confirmed using MEM-154, a CD16 monoclonal anti-
body that was found to have higher affinity for the 158V allotype
(31, 32). As expected, the fluorescence intensities of CHO-K1 cells
expressing the FCGR3A 158V allotype were higher than the inten-
sities seen with those expressing the 158F allotype (Fig. 2A). Sub-
sequently, immune complexes created with green fluorescent pro-
tein (GFP)-expressing C. neoformans and heat-inactivated normal
human serum (serum opsonized) or individual human mono-
meric IgGs—IgG1, IgG2, IgG3, and IgG4 (IgG opsonized)—were
incubated with allophycocyanin (APC)-labeled CHO-K1 cell lines
(expressing 158F or 158V receptors) and binding was detected by
scoring GFP� APC� cells by flow cytometry (Fig. 2B and C).
Staining controls are shown in Fig. S1 in the supplemental mate-
rial. FCGR3A 158V-expressing CHO-K1 cells bound serum-
opsonized C. neoformans (9.9%) with a higher frequency than
158F-expressing cells (7.4%; P � 0.04; Student’s t test) (Fig. 2D).
C. neoformans opsonized with individual monomeric human
IgG1, IgG2, IgG3, or IgG4 (in concentrations ranging from
1,000 �g/ml to 0.01 �g/ml) or a combination using each IgG
subclass also exhibited a trend toward a higher frequency of bind-
ing to FCGR3A 158V-expressing than to FCGR3A 158F-

expressing CHO-K1 cells, but this did not
reach statistical significance (P � 0.1)
(Fig. 2E).

Anticryptococcal activity of NK cells
is FCGR3A independent. Natural killer
(NK) cells are a major cell type expressing
FCGR3A. Thus, the high-affinity 158V
polymorphism might affect the antifun-
gal activity of NK cells against C. neofor-
mans in an antibody-dependent fashion
via antibody-dependent cellular cytotox-
icity (ADCC) (33) or in an antibody-
independent, direct (34) fashion. To ex-
amine the effect of NK cell FCGR3A
158 F/V polymorphism on antifungal ac-
tivity, we incubated NK cell lines express-
ing (i) FCGR3A 158F or (ii) FCGR3A
158V and (iii) cells lacking an FCGR3A
receptor (parental cell line) with C. neo-
formans strains 24067 and Cap67 (acap-
sular mutant) as described in Materials
and Methods. All three NK cell lines me-
diated significant antifungal activity after
24 h of incubation (Fig. 3A), which in-
creased after 48 h (Fig. 3B). However,
there were no differences in fungal killing
as a function of FCGR3A 158V or 158F
expression. Hence, our data suggest that
NK cell antifungal activity is not affected
by FCGR3A 158 F/V polymorphism, with
the caveat that our results reflect the ac-
tivity of an activated NK cell tumor line.

FCGR3A 158V polymorphism medi-
ates more NK cell-dependent ADCC. As
the direct, antibody-independent anti-

fungal activity of NK cells was independent of FCGR3A 158 F/V
polymorphism, we examined the relationship between antibody-
dependent NK-mediated ADCC and FCGR3A 158 F/V
polymorphism. For these experiments, we used the NK cell lines
expressing FCGR3A 158V or 158F as effector cells and C.
neoformans-infected human CD14� CD16� monocytes (pre-
pared as described in Materials and Methods) as target cells.
ADCC was tested in the presence of heat-inactivated normal hu-
man serum (10 �g/ml) or total IgG (10 �g/ml) (Fig. 3C). In the
presence of total IgG, FCGR3A 158V-expressing NK cells induced
more cytotoxicity (80.5%) than cells expressing 158F (23%; P �
0.01) or those lacking FCGR3A (19.3%; P � 0.01). Similarly, in
the presence of normal human serum, FCGR3A 158V-expressing
NK cells induced more cytotoxicity (72.4%) than those expressing
158F (28%; P � 0.01) or those lacking FCGR3A (21.3%; P �
0.006). The levels of cytotoxicity were similar for all three NK cell
lines (158F, 158V, and parental) in the absence of human serum or
total IgG. Furthermore, while target cell CFU were decreased in
the presence of human serum or total IgG compared to no-
antibody controls, there were no differences in target cell CFU for
any of the NK cell lines with either antibody source (data not
shown). Hence, our findings suggest that NK FCGR3A 158 F/V
polymorphism could affect C. neoformans pathogenesis in an
antibody-dependent fashion via ADCC, again with the caveat that
our data reflect the activity of an activated NK tumor cell line.

FIG 1 Total immunoglobulin levels in 164 human serum samples obtained from MACS. (A to C)
Serum IgG1 (A), IgG2 (B), and IgG3 (C) levels were determined using radial immunodiffusion kits as
described in the text. The y axis indicates concentrations in �g/ml for the groups depicted on the x axis.
(D) Absorbance values shown for serum GXM-IgG levels. The white boxes represent the HIV� CD�

group, the gray boxes represent the HIV� CD� group, and the black boxes represent the HIV-CD�

group. Lines across each box show the median for each group, boundaries of the box represent the 25th
and 75th percentiles, and lines extending from each box represent the 1st and 99th percentile. P values
to compare medians between groups were calculated using the Mann-Whitney test. Asterisks (*),
significant differences between the HIV-infected (HIV� CD� and HIV� CD�) and HIV-uninfected
(HIV� CD�) groups; OD405, optical density at 405 nm.
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DISCUSSION

Our data demonstrate a strong and significant association be-
tween the high-affinity FCGR3A 158V allele and CD risk in HIV-
infected individuals. This confirms and extends the results of a
previous study by Meletiadis et al., which identified the same as-
sociation in HIV-uninfected individuals (25). On the other hand,
Hu et al. did not find an association between FCGR3A 158V poly-
morphism and CD in a Chinese cohort (26). Thus, this association
appears to be strongest for Caucasians, with the caveat that to-
gether, the cohorts in these studies were small and genetically di-
verse with different comorbid conditions that could affect risk.
However, despite finding an association between FCGR3A 158V
polymorphism and CD risk, we did not find an association be-
tween CD risk and the low-affinity FCGR2A 131R allele, as re-

ported by Meletiadis et al. (25). Our data suggest an explanation
for this difference. FCGR2A is unique in its capacity to interact
with human IgG2 (24) and was previously shown to be responsi-
ble for immune serum-mediated phagocytosis of C. neoformans
by human peripheral blood mononuclear cells (PBMCs) (18).
IgG2 is the predominant subclass of human GXM-IgG (5, 35) and,
as reported previously for patients with HIV/AIDS (4, 5, 7), HIV-
infected participants in our study had less IgG2 than HIV-
uninfected participants. Thus, together with the study by Meletia-
dis et al. (25), our data suggest that HIV status does not affect the
association between the FCGR3A 158V allele and CD risk,
whereas the risk conferred by FCGR2A 131R could be limited
to HIV-uninfected individuals. Given that HIV infection is
marked by IgG2 deficiency, it is logical to posit that an inability of

FIG 2 Binding of human Ig-C. neoformans immune complexes to CHO-K1 cell lines expressing FCGR3A 158F or 158V receptors. (A) Flow cytometric analysis
of CHO cell lines expressing 158F (shaded plot) and 158V (dark line) receptors stained with CD16 MEM-154 antibody followed by FITC-conjugated goat
anti-mouse IgG antibody. The histograms show the data for 50,000 events from each sample. (B) CHO cells were stained with APC-labeled antibodies
recognizing fibronectin receptor and incubated with immune complexes comprising GFP-expressing C. neoformans and human immunoglobulins. The boxed
insert (gate b) indicates a population that contains APC� CHO cells. Free C. neoformans cells (gate c) and dead cells (gate a) were excluded. (C) APC� CHO cells
were further gated on the GFP channel to detect binding to precomplexed human Ig and GFP-expressing C. neoformans. The boxed insert indicates a population
that contains CHO cells that bind immune complexes. Plots shown are representative of two independent experiments. (D) The proportions of CHO cells
(expressing 158F or 158V receptors) binding to immune complexes comprising total normal human serum (0.1 �g/ml) and GFP-C. neoformans (105) are shown
as percentages. (E) CHO-K1 cells (expressing 158F or 158V) binding to immune complexes comprising human monomeric IgG subclasses (0.1 �g/ml) and
GFP-C. neoformans (105) are depicted as percentages for IgG1, IgG2, IgG3, and IgG4. An asterisk (*) indicates significant differences between groups (P � 0.05);
octothorpes (#) indicate nearly significant differences between groups (P � 0.1) (Student’s t test).
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IgG2 to mediate phagocytosis via the higher-affinity FCGR2A
131-H allele is detrimental to host defense in HIV-uninfected in-
dividuals but irrelevant in HIV-infected individuals due to the loss
of IgG2.

Our data show that C. neoformans-hIgG complexes bound
CHO-K1 cells expressing the FCGR3A 158V allotype with higher
affinity than those expressing 158F. Current knowledge about C.
neoformans virulence suggests that higher-affinity binding of im-
mune complexes to FCGR3A 158V could increase monocyte/
macrophage C. neoformans attachment and/or uptake (36–38),
which could in turn increase intracellular cargo and replication.
Along these lines, higher levels of nonspecific IgG1, IgG3, and
GXM-IgG in HIV-infected individuals, as reported here, could
form more C. neoformans-hIgG complexes, particularly as the
fungal burden rises with progressive CD4� T cell deficiency. Of
relevance to HIV-associated CD, CD14� CD16� monocytes
(CD16: FCGR3A) produce chemokines that damage the blood-
brain barrier (BBB) and have been implicated in central nervous
system (CNS) inflammation and invasion of the CNS by HIV (39,
40). Thus, high-affinity C. neoformans-hIgG binding to CD14�

CD16� monocytes via FCGR3A 158V could increase the likeli-
hood of C. neoformans dissemination to the brain. In support of

this hypothesis, CD14� CD16� mono-
cytes are expanded in HIV-infected
individuals (41) and one way in which C.
neoformans has been proposed to dis-
seminate to the brain is within mono-
cytes via a Trojan horse mechanism (42).
Although studies with GXM-IgG and
CD14� CD16� monocytes with known
FCGR3A 158 F/V expression were beyond
the scope of this study, our data provide a
potential mechanistic explanation for
how the FCGR3A 158V allele could en-
hance CD risk via monocyte-borne C.
neoformans dissemination to the brain.
The high-affinity FCGR3A 158V allele
could also promote increased C. neofor-
mans binding/uptake by macrophages,
with the caveats that FCGR3A binding
does not always trigger microbial uptake
(43) and that immune activation rather
than antibody-mediated enhancement of
infection has been implicated in the asso-
ciation between FCGR3A 158V allele and
HIV infection and progression (30).

Our results suggest that NK cell-
mediated ADCC could also enhance C.
neoformans virulence. The risk for Kapo-
si’s sarcoma (KS) in HIV-infected indi-
viduals was linked to NK cell-mediated
ADCC via FCGR3A 158V polymorphism
(44, 45), with the caveat that these studies
predated the use of antiretroviral therapy
and KS could have been a surrogate for
HIV progression. Nonetheless, NK cell
FCGR3A is a critical effector of ADCC
and lysis of infected, inflammatory, and
malignant cells. Regarding the latter,
FCGR3A 158V was implicated in the

rituximab response of patients with non-Hodgkin’s lymphoma
(46). Our ADCC experiments show that in the presence of normal
human serum or IgG, NK cells expressing 158V mediated more
cytotoxicity of C. neoformans-infected CD14� CD16� human
monocytes than cells expressing 158F. On the other hand, in the
absence of an antibody source, NK cell-mediated cytotoxicity and
antifungal activity were independent of FCGR3A genotype. How-
ever, we note that the activation state of the NK cell tumor line
used in our studies (47) could have influenced our results. As such,
more studies are needed to translate the results from this study to
natural NK cell effector function.

NK cells from healthy donors homozygous for the FCGR3A
158 VV genotype bind more IgG1, IgG3, and IgG4 than cells from
158 FF donors (32). Thus, it is reasonable to hypothesize that NK
cell-mediated ADCC of C. neoformans-infected monocytes is a
function of IgG subclass distribution and FCGR3A genotype and
that higher levels of nonspecific IgG1, IgG3, and GXM-IgG in
HIV-infected individuals could promote increased ADCC, mono-
cyte/macrophage C. neoformans uptake, and/or immune activa-
tion in those with FCGR3A 158V. We did not examine immune
activation in this study, but as noted above, CD14� CD16�

monocytes secrete chemokines that damage the BBB and induce

FIG 3 Assessing anticryptococcal activity of NK cells. (A and B) NK cell lines expressing FCGR3A 158F
(gray bars), FCGR3A 158V (black bars), or no FCGR3A (parental) (open bars) were incubated with
C. neoformans strain 24067 for 24 h (A) and 48 h (B) at different effector/target (E/T) ratios as indicated
on x axis. C. neoformans viability was analyzed by determining the number of CFU/ml as indicated on
y axis. The numbers of C. neoformans cells at the start of the assay and at the indicated end times were
included to account for the 10-to-500-fold growth of the organisms during the course of the assay. T �
0, zero time; Crypto alone, incubation in the absence of NK cells. Similar results were obtained using
acapsular C. neoformans strain CAP67 (not shown). (C) Cytotoxicity assay performed by measuring
LDH release. FCGR3A polymorphic NK cells (1 � 105/well) were added to a 96-well round-bottom
plate and coincubated with target cells (C. neoformans-infected CD14� CD16� monocytes) (1 �
104/well) at 37°C and 5% CO2 for 4 h in the presence of normal human serum (10 �g/ml) and pooled
IgG (10 �g/ml) as indicated on the x axis. Percent cytotoxicity was calculated based on total content and
spontaneous release of LDH. Values are shown as means � standard errors of the means of the results
from two different experiments. Asterisks (*), significant differences between groups (P � 0.05); n.s.,
not significant (Student’s t test).
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brain inflammation (48) and immune activation was implicated
in associations between FCGR3A 158V, HIV infection, and HIV
progression (30). While beyond the scope of the current study,
work is ongoing in our laboratory to determine the effect of
FCGR3A polymorphisms on monocyte/macrophage activation
and uptake and intracellular replication of C. neoformans.

Our data show that the rate of HIV progression was faster in
the HIV� CD� group than in the HIV� CD� group following
their matching visits. We accounted for these between-study
group differences in light of recent reports of associations between
FCGR3A 158V, HIV infection, and HIV disease progression (30)
and between the FCGR3A 158 VV genotype and acquisition of
HIV in low-risk recipients of an investigational gp120 vaccine
(49). In our study, multivariable regression analysis revealed sig-
nificant independent associations between FCGR3A 158V poly-
morphism, CD4� T cell nadir, and the rate of CD4� T cell decline
and CD risk. While our analysis cannot fully exclude the possibil-
ity that FCGR3A 158V polymorphism was associated with HIV
progression rather than CD in our cohort, to our knowledge, nei-
ther the rate of CD4� T cell decline nor other markers of the rate
of HIV progression have been previously linked to CD.

Race/ethnicity other than non-Hispanic white was also associ-
ated with CD in our study. This is consistent with data from prior
studies which also found that CD risk differed by race/ethnicity
(50, 51). However, given that only 12 of the 55 HIV� CD� partic-
ipants in our study were not non-Hispanic white, the study was
not powered to examine relationships between races/ethnicities.
As such, our data do not provide additional insight into the effect
of race/ethnicity on CD risk. Given the strong association between
FCGR3A genotype and risk of CD observed in the current inves-
tigation, it is possible that differences in the prevalence of
FCGR3A genotypes across racial/ethnic groups might have con-
tributed to associations between race/ethnicity and CD observed
in prior studies. However, because one study showed that the
prevalence of the FCGR3A 158 VV genotype (8%) in African
Americans did not differ significantly from that in Caucasians
(11%) (44), it is more likely that other genetic and/or epigenetic
factors and comorbidities account for this association. This will be
addressed in future studies. Nonetheless, our report clearly estab-
lishes a relationship between FCGR3A 158V polymorphism and
HIV-associated CD, while having some important limitations that
will be addressed in further studies. First, as our study was limited
to males, the relationship between FCGR3A polymorphism and
CD risk must be studied in females. Second, since this study was
not stratified by CD manifestation, conclusions about the rela-
tionship between FCGR3A polymorphism and different clinical
presentations of CD cannot be drawn. Also, we did not examine
the FCGR2B polymorphism that was associated with CD risk in
HIV-uninfected Chinese patients (26). Given that GXM binds this
receptor and induces an inhibitory signal to macrophages (52), it
is possible that differing affinities of GXM-IgG for FCGR2B could
modify the activity of the phagocytic receptors FCGR2A and
FCGR3A. Finally, as shown for other diseases (53–55), it is possi-
ble that copy number variation could affect the relationship be-
tween FCGR3A polymorphism and CD risk.

MATERIALS AND METHODS
Human serum samples. Serum samples (n � 164) were obtained from
MACS, an ongoing prospective study of the natural and treated histories
of HIV infection in homosexual and bisexual men living in Baltimore,

Chicago, Pittsburgh, and Los Angeles (29). A total of 6,972 men were
enrolled into the MACS between 1984 and 2003. MACS protocols are
approved by institutional review boards at each recruitment site, and all
participants provided written informed consent. In MACS, CD is diag-
nosed by positive serum cryptococcal antigen and/or culture.

For the current investigation, 55 HIV-infected men with incident CD
(HIV� CD�) were each matched to two controls: (i) an HIV-infected man
without CD (HIV� CD�) and (ii) an HIV-uninfected man without CD
(HIV� CD�). HIV� CD� and HIV� CD� men were matched on the fol-
lowing characteristics: (i) age, (ii) recruitment site, (iii) recruitment wave,
(iv) CD4� T cell level (�50 at the first HIV-positive study visit) (i.e., the
enrollment visit for men with prevalent HIV at enrollment and the serocon-
version visit for men who contracted HIV during follow-up), (v) the avail-
ability of serum samples �2 years apart, and (vi) the duration of CD-free
follow-up time. These stringent matching criteria ensured not only that HIV-
infected control men were similar to CD cases with regard to immune status
and other characteristics at their first HIV-positive study visit but also that
they were also CD-free during the time period in which the cases developed
disease. HIV-uninfected controls were matched to CD cases by age, recruit-
ment site, enrollment cohort, and the availability of serum samples�0.5 years
apart. Serum samples obtained for this study were collected a minimum of
1 year prior to CD diagnosis and while the men were off antiretroviral ther-
apy. All sera were received frozen and stored at �80° C until use. Samples
were tested in a blinded fashion.

Genomic DNA extraction. Human genomic DNA was isolated from
frozen serum samples using a QIAamp DNA blood minikit (Qiagen) fol-
lowing the manufacturer’s instructions and per previous reports (56). For
some serum samples, DNA was extracted manually using proteinase K
and a phenol-chloroform precipitation method (57).

FCGR2A genotyping. The FCGR2A genotypes were determined by
PCR and sequencing. FCGR2A displays a G-to-A point mutation in the
region specifying its ligand-binding domain, causing an arginine (R;
CGT)-to-histidine (H; CAT) amino acid substitution at position 131. The
single nucleotide polymorphism (SNP) 131 H/R (rs1801274) was ampli-
fied using gene-specific sense 5=-ACCCTTGGAATCTATCCTTAC and
antisense 5=-TGAGAAAGCCCATAGCAGCA primers in a 50-�l reaction
mixture with 20 ng of genomic DNA, 12.5 pmol each primer, 200 �mol
each deoxynucleoside triphosphate (dNTP), and 2.5 U Taq polymerase.
PCR conditions were as follows: 10 min of initial denaturation at 95° C
followed by 35 cycles at 95° C for 1 min, 62° C for 1 min, and 72° C for
1 min. PCR purification was done using spin columns (Qiagen), and
sequencing was performed for both strands (Genewiz). Trace chromato-
gram files obtained were analyzed using MacVector (with Assembler)
software (version 12.0.2; MacVector Inc.).

FCGR3A genotyping. The FCGR3A gene displays a T-to-G substitu-
tion at nucleotide 559, resulting in a phenylalanine (F)-to-valine (V) sub-
stitution at amino acid position 158. The FCGR3A 158 F/V SNP
(rs396991) was determined by nested PCR amplification following a pre-
viously published protocol (25). The primers used are listed in Table S1 in
the supplemental material. Briefly, gene-specific forward primer 5= ATA
TTTACAGAATGGCACAGG 3= and reverse primer 5= GACTTGGTACC
CAGGTTGAA 3= were used in a 25-�l reaction mixture with 20 ng of
genomic DNA, 75 ng of each primer, 200 �mol each dNTP, and 0.25 U of
Taq polymerase. PCR conditions were as follows: 10 min of initial dena-
turation at 95° C followed by 35 cycles at 95° C for 1 min, 56° C for 1 min,
and 72° C for 1 min. The template of the first round was used in the nested
PCR reaction. For the second round, sense 5= TCATCATAATTCTGACT
TCT 3= and antisense 5= CTTGAGTGATGGTGATGTTC 3= primers were
used. The PCR components and conditions were as previously described
(25). PCR products were purified using spin columns (Qiagen) followed
by sequencing in both directions (Genewiz). Trace chromatogram files
obtained were analyzed using MacVector (with Assembler) software (ver-
sion 12.0.2; MacVector Inc.).

Sequenom analysis. A Sequenom MassARRAY iPLEX platform
(Genomics Core, Albert Einstein College of Medicine) was used to validate
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genotyping results of FCGR2A PCR sequencing. The primers designed (see
Table S1 in the supplemental material) annealed at a position directly adja-
cent to the SNP of interest, and allele-specific extension products were ana-
lyzed using mass spectrometry as described in earlier reports (58). Genotypes
were assigned using Sequenom software (Sequenom Inc., San Diego, CA).

Statistical analysis of FCGR2A and FCGR3A genotypes. We calculated
descriptive statistics for the three study groups and compared the distribu-
tions of demographic and clinical characteristics using t tests and Fisher’s
exact tests. Conditional multivariable logistic regression models were then
used to study associations of FCGR polymorphisms with HIV-associated CD.
Specifically, we compared HIV� CD� men to both the combined group of
HIV� CD� and HIV� CD� men and to HIV� CD� men alone. These re-
gression analyses included adjustment for race/ethnicity (non-Hispanic
white versus other) and were conducted under different models of genetic
inheritance, including additive, dominant, recessive, and allelic (i.e., effect per
additional allele) because assumptions of a specific genetic model of inheri-
tance are rarely justified in association studies (59). Further sensitivity analy-
ses were also conducted by restricting the analyses to non-Hispanic white
men and to HIV-positive men alone. Allele frequencies of the studied FCGR
genes in the control groups (n � 109; HIV� CD� and HIV� CD�) were in
Hardy-Weinberg equilibrium.

To control for the rate of HIV disease progression in the CD cases and
the HIV-infected control men following their matching visits, we used
previously published methods to classify men as having a rapid and per-
sistent CD4� T cell decline after the first HIV-seropositive study visit,
having maintained their CD4� T cell counts, or having a heterogeneous
CD4� T cell decline (60). We then updated our conditional logistic re-
gression analyses to adjust for the rate of CD4� T cell decline and nadir
CD4� T cell count (�50, 50 to 100, 100 to 200, or �200 cells/�l) in
addition to race/ethnicity.

Measurement of total serum IgG1, IgG2, and IgG3 concentrations.
Total serum IgG1, IgG2, and IgG3 concentrations were determined using
human isotype-specific radial immunodiffusion (RID) kits (The Binding
Site, United Kingdom) following the manufacturer’s instructions and as
described elsewhere (7, 12).

Assessment of serum GXM-IgG levels. GXM-IgG levels were deter-
mined as described previously (4–6,17). Briefly, 96-well enzyme-linked im-
munosorbent assay (ELISA) plates were coated with 10 �g/ml of GXM iso-
lated from C. neoformans strain 24067 at 25° C for 3 h and blocked overnight
with 1% bovine serum albumin (BSA)–PBS. Heat-inactivated sera were
added to the plates at a dilution of 1:30 in 1% BSA–PBS. Bound GXM-IgG
was detected using alkaline phosphatase-labeled goat anti-human IgG
(Southern Biotechnology) and p-nitrophenyl phosphate (Sigma). Absor-
bance was measured at 405 nm using an ELISA reader (Tecan). A pilot study
was done to determine the serum dilution at which to perform the GXM titer
measurements. Sera from each group were serially diluted 1:3 in 1% BSA–
PBS to find a dilution that fell on the slope of the titration curve. In each
group, the dilution of 1:30 fell on the slope of the curve.

C. neoformans strains. Serotype D C. neoformans, strain 24067
(American Type Culture Collection), extensively used in mice to study
immunity to C. neoformans (13, 61), was used. A GFP-labeled 24067 strain
was kindly provided by A. Alspaugh (Duke University). Acapsular C. neo-
formans strain CAP67 was used where indicated. For some experiments,
C. neoformans was heat killed at 65° C for 30 min. C. neoformans cultures
were grown in Sabouraud’s dextrose broth (Becton Dickinson) for 52 to
56 h at 37° C with agitation.

CHO-K1 cell lines. Stably transfected CHO-K1 cell lines expressing
either low-affinity 158F or a higher-affinity 158V allotype of FCGR3A
were used (31). Cell lines were maintained in minimal essential medium
(MEM) (Invitrogen) supplemented with 5% fetal bovine serum (FBS)
and 600 �g/ml of hygromycin-B (Invitrogen). To confirm the receptors
expressed by the CHO cell lines, murine CD16 monoclonal antibody
MEM-154 (ab28091; Abcam) was used (1 �g/ml) followed by the use of
10 �g/ml of fluorescein isothiocyanate (FITC)-conjugated goat anti-
mouse IgG antibody (Sigma) as previously described (31). Surface label-

ing of CHO cell lines for binding assays was performed by incubating 106

CHO cells (expressing 158F or 158V receptors) with 1 �g/ml of anti-
integrin beta 1 antibody (ab115146; Abcam) on ice for 30 min (62, 63).
After washing, cells were incubated with 0.5 �g of APC-labeled goat anti-
rabbit IgG antibody (sc-3846; Santa Cruz) on ice for 30 min. Cells were
washed and proceeded for binding assays.

Assessment of binding of CHO-K1 cell lines to hIgG-C. neoformans
immune complexes. Serial dilutions of normal human serum (Millipore)
(65 mg/ml) as well as purified individual human immunoglobulin iso-
types (IgG1, IgG2, IgG3, and IgG4) (The Binding Site) (1 mg/ml) ranging
from 1 mg/ml to 0.01 �g/ml were incubated with 105 CFU of GFP-
expressing C. neoformans strain 24067 for 2 h at 37°C to generate immune
complexes. Human serum (Millipore) (pooled from multiple donors)
was heat inactivated at 56°C for 30 min to eliminate complement activity.
The immune complexes were then incubated with APC-labeled CHO-K1
cell lines (expressing 158F or 158V) (105 cells/well) in a 96-well plate on
ice for 30 min, adapting a previously published protocol (31). No-
antibody and no-C. neoformans controls were included. Binding was an-
alyzed by scoring GFP� APC� cells by flow cytometry. Single-color con-
trols were included for proper gating. Data were collected on a BD LSR II
flow cytometer (Becton Dickinson, Sunnyvale, CA). A total of 50,000
events per sample were analyzed using FlowJo (Treestar, Ashland, OR).

NK cell lines. Human natural killer (NK) cell lines transduced with
either higher-affinity (V) or lower-affinity (f) variants of FCGR3A were
obtained from Kerry Campbell at Fox Chase Cancer Center (Philadelphia,
PA) (64). The cell lines were maintained in NK-92 culture medium as
previously described (65). The parental NK-92 cell line (ATCC CRL-
2407) lacking endogenous expression of FCGR3A was also included for
measuring the anticryptococcal activity.

Measurement of anticryptococcal activity of NK cell lines. The anti-
cryptococcal activity was assessed by CFU counting as previously de-
scribed (34). In brief, live C. neoformans cells (5 � 103 cells/well) were
incubated with FCGR3A polymorphic NK cell lines (effector) at effector/
target cell ratios of 20:1, 100:1, and 500:1 at the start of the assay in a total
volume of 1 ml in a 48-well plate. Plates were kept at 37°C using 5% CO2.
The number of CFU of C. neoformans per well was determined at 0, 24,
and 48 h by lysing the effector cells in water followed by dilution and
spotting onto Sabouraud’s dextrose agar plates in duplicate experiments.

Measurement of NK cell-mediated ADCC. Antibody-dependent cell
cytotoxicity was assessed using FCGR3A 158 F/V polymorphic NK cell
lines as effector cells and C. neoformans-infected human CD14� CD16�

monocytes as target cells. CD14� CD16� monocytes were isolated and
purified from human PBMCs as previously described (48). Subsequently,
monocytes were infected with C. neoformans strain 24067 at a ratio of 1:10
in the presence of 20% heat-inactivated human serum (Millipore) at 37°C
and 5% CO2 for 2 h (66). Extracellular cryptococcus was removed by
extensive washing. Infected monocytes (target; 1 � 104) were then incu-
bated with NK cell lines (effector; 1 � 105) at an effector-to-target ratio of
10:1 for 4 h at 37°C and 5% CO2 in the presence of (i) 10 �g/ml of normal
human serum (Millipore) (heat inactivated) or (ii) 10 �g/ml of total IgG
(IgG1 plus IgG2 plus IgG3 plus IgG4; The Binding Site, United Kingdom).
A no-antibody control was also included. After 4 h, the supernatant were
collected and assayed for lactate dehydrogenase (LDH) production, as
previously described (67), using a Cytotox 96 nonradioactive cytotoxicity
assay (Promega). Percent cytotoxicity was calculated per the manufactur-
er’s instructions. After analyzing the supernatants, the remaining cells
were lysed in water, followed by dilution and spotting onto Sabouraud’s
dextrose agar plates, in order to assess fungal burden.
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