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Cryptococcus neoformans capsular glucuronoxylomannan (GXM) is shed during cryptococcosis and taken up
by macrophages. The roles of the putative GXM receptors CD14, CD18, Toll-like receptor 2 (TLR2), and TLR4
in GXM clearance from serum and deposition in the liver and spleen in receptor-deficient mice were studied.
While alterations in the kinetics of GXM redistribution were seen in the mutant mice, none of the receptors
was absolutely required for serum clearance or hepatosplenic accumulation.

The encapsulated yeast Cryptococcus neoformans causes
infections primarily in persons with defects in cell-mediated
immunity. The major virulence factor of the organism is the
capsule, which is composed mostly of the high-molecular-
weight polysaccharide glucuronoxylomannan (GXM). GXM has
numerous immunomodulatory properties, including inhibi-
tion of leukocyte migration, alteration of cytokine produc-
tion, and inhibition of neutrophil anticryptococcal activity
(2, 10).

During cryptococcosis, GXM is shed into the blood and
cerebrospinal fluid (CSF) at up to �g/ml concentrations and
often can be detected in the blood and CSF for months after
successful antifungal therapy (14). GXM in the brains of pa-
tients with cryptococcal meningitis is associated with macro-
phages/microglial cells, which may serve as a reservoir for
GXM after the organism is cleared (7).

Due to the postulated contribution of shed GXM to the
pathogenesis of cryptococcosis, the fate of circulating GXM
has received much investigation. Following intravenous (i.v.)
injection in mice, the serum half-life of GXM was shown to be
14 to 48 h (5, 8). The GXM subsequently accumulated in the
liver and spleen, where it could be detected for weeks after
injection (5, 8, 12). Injected GXM localizes primarily to mar-
ginal zone macrophages in the spleen and Kupffer cells in the
liver (4, 5). Depletion of tissue macrophages in vivo results in
decreased accumulation of GXM in the liver and spleen and
fivefold lower total body GXM levels, suggesting that the se-
questering of GXM by macrophages prevents clearance from
the body (5).

In vitro studies have shown that CD14, CD11/CD18 het-
erodimers, TLR2, and TLR4 are receptors for GXM (1, 15).
Uptake of GXM by human monocytes and neutrophils was
demonstrated to involve CD14 and CD11/CD18, respectively
(10). Similarly, GXM uptake by human monocyte-derived
macrophages (MDM) was inhibited by antibodies against
CD14, TLR4, and CD18 (9). Supporting a role for CD18 as a

GXM receptor, CD11b/CD18, also known as complement
receptor 3 (CR3), and CD11c/CD18 (CR4) can mediate
antibody-dependent, complement-independent phagocyto-
sis of C. neoformans (16).

To elucidate the role of these receptors in GXM clearance in
vivo, C57BL/6 wild-type (WT), CD14�/�, TLR2�/�, TLR4�/�,
and CD18 mutant mice were injected i.v. with GXM, and the
serum, liver, and spleen were harvested on various days after
injection. GXM from serotype A C. neoformans strains 6
(ATCC 62066) and J11a (a gift of Arturo Casadevall, Albert
Einstein College of Medicine, New York, NY) was prepared as
described previously (15). The GXM preparations had unde-
tectable levels (�0.03 endotoxin U/ml) of endotoxin as mea-
sured by Limulus amoebocyte lysate assay (Associates of Cape
Cod, East Falmouth, MA). C57BL/6 mice were purchased
from The Jackson Laboratory (Bar Harbor, ME). The
CD14�/�, TLR2�/�, and TLR4�/� mice were engineered as
described and backcrossed at least 5 generations to a C57BL/6
background (6, 11, 17). The TLR2�/� and TLR4�/� mice were
provided by Shizuo Akira (Osaka University, Osaka, Japan) via
Douglas Golenbock (University of Massachusetts Medical
School, Worcester, MA), and the CD14�/� mice were pro-
vided by Mason Freeman (Massachusetts General Hospital,
Harvard Medical School, Boston, MA). The CD18 mutant
mice (The Jackson Laboratory) exhibit 2 and 16% of normal
CD18 expression on resting and activated granulocytes, respec-
tively (18). Blood was obtained by cardiac puncture and cen-
trifuged, and the serum was collected and stored at �80°C.
The spleens and livers were homogenized in 1 ml phosphate-
buffered saline and stored at �80°C. The levels of GXM were
quantified by enzyme-linked immunosorbent assay using the
anti-GXM monoclonal antibody 3C2 (gift of Thomas Kozel,
University of Nevada School of Medicine, Reno, NV) as de-
scribed previously (5). Data are expressed as micrograms of
GXM per ml of serum or gram of organ � standard error of
the mean (SEM). The organ GXM levels were corrected for
plasma GXM by subtracting the plasma GXM from total organ
GXM, using published mouse organ plasma volumes (3) as
described previously (5). Statistical comparisons utilized Stu-
dent’s t test. Bonferroni’s correction was applied to account for
the multiple comparisons made at each time point. P values of
�0.05 after Bonferroni’s correction were considered signifi-
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cant. In the first experiment, WT, CD14�/�, CD18 mutant, and
TLR2�/� mice were injected i.v. with GXM from strain 6 and
GXM levels were measured in the serum, liver, and spleen on
days 1, 2, 4, 8, and 16 postinjection. Consistent with the data of
Grinsell et al. (5), over the course of the experiment GXM was
cleared from the serum and accumulated in the liver (Fig. 1)
and spleen (data not shown). Thus, by day 16, the levels of
GXM in the serum were less than 1 �g/ml. There was a gradual
accumulation of GXM in the liver that peaked at day 8, while
the GXM concentrations in the spleen increased from day 1 to
day 2 but then remained steady through day 16. The clearances
were similar between both CD14�/� and TLR2�/� mice and
WT mice. However, in an experiment using strain J11a GXM,
CD14�/� and TLR2�/� mice demonstrated significant differ-
ences in clearance (Fig. 1). The TLR2�/� mice had signifi-
cantly higher GXM levels in the serum on days 2, 4, and 8,
indicating delayed serum clearance. The CD14�/� mice also
had significantly higher GXM levels in the serum on day 4 and
day 8. Not shown in Fig. 1, there were no significant differences
in splenic concentrations of GXM except that the TLR2 and
CD14 knockout mice displayed significantly increased GXM
levels at day 16 compared with WT mice (20 � 1 �g/g for
TLR2�/� and 18 � 1 �g/g for CD14�/� versus 13 �g/g for WT;
P � 0.005 for both comparisons).

When compared with WT mice, the CD18 mutant mice dis-
played significantly increased accumulation of strain 6 GXM in
the liver on day 8 (Fig. 1). Significant differences were also seen
when a higher dose of strain 6 GXM (250 �g) was injected into
WT and CD18 mutant mice. The CD18 mutant mice demon-
strated increased accumulation of GXM in the liver on days 4
(95 � 1 versus 43 � 4 �g/g for WT; P � 0.01) and 8 (143 � 21
versus 67 � 1 �g/g for WT; not significant), as well as in the
spleen on day 4 (97 � 1 versus 52 �g/g for WT; P � 0.005) (n �
2 WT and 2 mutant mice per day).

In the final experiment, WT, CD14�/�, CD18 mutant,
TLR2�/�, and TLR4�/� mice were injected with 75 �g GXM
from strain 6 and serum, liver, and spleen GXM levels deter-
mined (Fig. 2). The mice were studied on day 8 following injec-
tion because previous experiments demonstrated maximal differ-
ences at this time point. The CD18 mutant and TLR4�/� mice
had significantly higher serum GXM levels than WT mice. As in
previous experiments, the CD18 mutant mice demonstrated sig-
nificantly higher GXM concentrations in the liver. While the
TLR2�/� mice also had significantly higher liver GXM levels, the
difference was modest and, taken together with the data in Fig. 1
showing no difference, unlikely to be of biological significance.
There were no significant differences found in splenic GXM levels
between WT and receptor-deficient mice.

FIG. 1. GXM clearance from serum and accumulation in the liver and spleen in WT, CD14�/�, TLR2�/�, and CD18 mutant mice. Mice were
injected i.v. with 75 �g strain 6 or J11a GXM. GXM concentrations then were measured in the serum, liver, and spleen on days 1, 2, 4, 8, and 16
after injection. The data are expressed as the mean � SEM of four WT and two mutant mice per day. *, P � 0.01.

8430 NOTES INFECT. IMMUN.



Thus, our results demonstrate differences in the kinetics of
GXM clearance and organ accumulation between WT and
receptor-deficient mice. In particular, the CD18 mutant mice
had consistent increases in hepatic accumulation of GXM.
While this was not due to decreased splenic uptake, it is pos-
sible there was reduced deposition in other organs, such as the
kidneys or bone marrow. It is also conceivable that the higher
liver GXM levels in the CD18 mutant mice do not reflect
increased uptake, but rather decreased degradation and/or ex-
cretion. In fact, neutrophils (which internalize GXM in part via
CD18) have been shown to expel or degrade GXM after 1 h of
incubation (10). In addition, as the CD18 mutant mice ex-
press some CD18, it is possible the phenotype would be
more dramatic in mice totally lacking CD18. Overall,
though, the differences seen in the CD14-, TLR2-, TLR4-,
and CD18-deficient mice were relatively modest, suggesting

that, individually, none of the receptors studied has a dom-
inant role in GXM clearance.

Although some GXM may be taken up by fluid-phase en-
docytosis in vivo, Lendvai et al. demonstrated that nonlabeled
cryptococcal capsular polysaccharide competed with labeled
capsular polysaccharide for uptake in the liver and spleen,
suggesting a receptor-mediated process (8). While blocking
CD14, CD18, or TLR4 inhibited the uptake of GXM by MDM
in vitro, the inhibition was not additive, or complete, when all
three receptors were blocked, suggesting the existence of an-
other GXM receptor(s) (9). One such candidate is Fc�RII, as
blocking this receptor partially inhibited antibody-independent
uptake by MDM (9).

In vivo, the administration of anti-GXM monoclonal anti-
bodies reduces serum GXM levels and enhances GXM seques-
tration in the liver and spleen (4, 5, 8, 13). While clearance of
GXM from the serum could prevent some of the polysaccha-
ride’s immunoinhibitory effects, including the inhibition of leu-
kocyte migration, it is possible enhanced GXM accumulation
in the tissues could have deleterious effects. In particular,
monoclonal antibody-mediated increased GXM uptake by
macrophages in the spleen could impair the ability of these
cells to activate T cells, as demonstrated for human MDM in
vitro (9). The fate of intracellular GXM differs between human
monocytes and neutrophils in vitro (10), and it is likely that the
receptor(s) used for internalization affects the outcome. If so,
it would be beneficial to target GXM in patients to a recep-
tor(s) that mediates internalization followed by degradation,
rather than persistence.
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