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During infection, Cryptococcus neoformans capsular glucuronoxylomannan (GXM) is released into tissues,
where it may be associated with a variety of deleterious immunological effects. Relatively little is known about
the organ distribution and cellular localization of GXM antigen. Intravenous administration of GXM to rats
resulted in persistent serum levels which declined with a half-life of 14.3 h in the first 74 h and 3 h thereafter,
coincident with the appearance of serum antibodies to GXM. GXM was sequestered primarily in spleen tissue,
with localization to marginal zone and follicular cells. Administration of the murine immunoglobulin G1
monoclonal antibody (MAb) 2H1 resulted in >99% reduction in serum GXM level within 3 h. MAb 2H1
administration resulted in liver GXM deposition, with cellular localization primarily to Kupffer cells. GXM
was also found in the spleens of MAb 2H1-treated rats, with localization to the marginal zones and follicles.
Endotracheal administration of GXM resulted in low serum levels, with lung tissue having the highest GXM
organ levels, localized primarily to alveolar macrophages. The results indicate that (i) intravenous adminis-
tration to rats produced persistent serum GXM levels with a half-life similar to that found in mice and rabbits;
(ii) endotracheal administration of GXM resulted in low serum levels; (iii) in the absence of specific antibody,
GXM organ deposition occurs primarily in the spleen and is localized primarily to marginal zone macro-
phages; (iv) in the presence of specific immunoglobulin G1 antibody, GXM organ deposition occurs primarily
in the liver and is localized primarily to Kupffer cells; and (vi) reticuloendothelial cells sequester GXM in the

presence and absence of specific antibody.

Cryptococcus neoformans is an encapsulated yeast which pro-
duces meningoencephalitis in immunocompromised individu-
als. C. neoformans polysaccharide (CNPS) consists of at least
two components: glucuronoxylomannan (GXM) and galac-
toxylomannan, with GXM being the major constituent (9).
Nonencapsulated strains have markedly reduced virulence,
suggesting that CNPS is important for virulence (5, 24). CNPS
is antiphagocytic and may function in virulence by interfering
with fungal clearance by host effector cells (20, 22). CNPS may
also contribute to virulence through direct effects on the im-
mune system (9). For example, CNPS can inhibit phagocytosis
(20), antigen presentation (10), leukocyte migration (12, 14),
lymphocyte proliferation (26), and specific antibody responses
(21, 33, 39, 40) and induce suppressor responses (27, 32).
Administration of small amounts of CNPS prior to infection
can reduce survival in mice (2). Patients with cryptococcal
infections are tolerant to CNPS (16, 17). Capsular polysaccha-
ride can enhance human immunodeficiency virus replication in
vitro (35, 36). These studies provide a large body of direct,
indirect, and circumstantial evidence indicating an important
role for CNPS in the pathogenesis of cryptococcal infection.

In cryptococcal infection, CNPS is released into tissues, and
its detection in serum and cerebrospinal fluid serves as an
important diagnostic marker (3). AIDS patients with C. neo-
formans infections often have high levels of CNPS in serum
and cerebrospinal fluid. Increasing CNPS titer during therapy
for cryptococcal meningitis has been associated with poor
prognosis (11). In some patients, polysaccharide persists in
body fluids after sterilization of body fluids with antifungal
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therapy (37). Despite the importance of CNPS in the diagnosis
and pathogenesis of cryptococcal disease, relatively little is
known regarding its organ distribution and metabolism in vivo.
In 1965, Bennett and Hasenclever showed that CNPS admin-
istered into the cerebrospinal fluid of rabbits was rapidly
cleared from the cerebrospinal fluid but persisted in serum (2).
Kozel et al. used immunofluorescence to demonstrate that
polysaccharide antigen persisted in kidney tubular epithelial
cells (21). Muchmore et al. found that mice given 1 mg of
CNPS had detectable serum levels of CNPS for 63 days, with
the highest and most persistent tissue concentrations of CNPS
in the liver and spleen (28). Kappe and Muller found that
administration of 20 pg of CNPS to rabbits resulted in persis-
tent serum levels with a half-life (¢,,,) of 24 h (19). Mukherjee
et al. demonstrated that passive administration of antibody in
a murine model of cryptococcosis reduced serum polysaccha-
ride, but the fate of polysaccharide antigen in the presence of
antibody was not studied (30).

In this paper, we report studies of GXM clearance in rats
and focus on the question of tissue distribution of GXM anti-
gen in the presence and absence of specific antibody. The
results indicate marked differences in serum elimination, tissue
distribution, and cellular localization of GXM in the presence
and absence of specific antibody.

MATERIALS AND METHODS

Animals. Male Fischer rats were obtained from Taconic Farms (Germantown,
N.Y.). Rats weighing approximately 200 g were used for the intravenous (i.v.)
experiments. Rats weighing 350 to 400 g were used for the endotracheal (e.t.)
experiment to facilitate intubation.

C. neoformans and antigen preparation. Strain 24067 (serotype D) was ob-
tained from the American Type Culture Collection (Rockville, Md.). This strain
was studied because it had been used in prior studies of rat infection (15) and
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passive antibody efficacy (29-31). CNPS was prepared from the culture super-
natant by alcohol precipitation (30, 34) followed by repeated extractions with a
1:1 chloroform-butanol solution to remove protein components (13). The
amount of GXM in total CNPS preparations was determined by capture enzyme-
linked immunosorbent assay (ELISA) (7) relative to a GXM standard made by
dissolving a known amount of GXM in water. Rats were injected with CNPS.
However, since we measured GXM in the CNPS and in the serum by capture
ELISA, subsequent discussion will refer to the material as GXM.

Antibody. Monoclonal antibody (MAb) 2H1 is a murine immunoglobulin G1
(IgG1) with specificity for GXM (6). MAb 2H1 ascites fluid was generated by
injecting 2H1 hybridomas into peritoneal cavities of pristane-primed BALB/c
mice. MAb 2H1 was purified from ascites fluid by protein G affinity chromatog-
raphy (Pierce, Rockford, IIl.). Antibody concentrations were determined by
ELISA relative to isotype-matched standards of known concentration (41).

i.v. GXM injections. Experiment 1 was designed to study the pharmacokinetics
of GXM after i.v. administration and determine the effect of passive antibody
administration on serum GXM levels and organ localization. Twelve rats (3 per
group) were injected with 200 pg of GXM via a lateral tail vein and 4 h later
given either 300, 30, 3, or 0 ug of MAb 2H1 in phosphate-buffered saline (PBS)
via penile vein injection. Blood was collected from the tail vein at various times
after administration of GXM. Two days after i.v. administration of GXM, rats
given 300 pg of MAb 2H1 were killed with sodium pentobarbital (Anpro Phar-
maceutical, Arcadia, Calif.), and their lungs, livers, spleens, brains, and kidneys
were removed, weighed, and placed in formalin. Urine was obtained by bladder
puncture. This procedure was repeated in rats which received no antibody 6 days
following i.v. administration of GXM. Organs were harvested at different days
from groups treated with MAb 2H1 and no antibody because the serum elimi-
nation of GXM is very different in the presence of specific antibody (see below).

Experiment 2 was designed to study the effect of MAb 2H1 on tissue distri-
bution at early time points. Six rats (three per group) were injected with 200 pg
of GXM in a lateral tail vein and bled 1 h later. MAb 2H1 (300 or 0 pg) was
administered 2 h after GXM injection, and rats were sacrificed 3 h later. Spleens,
livers, and kidneys were removed and placed in formalin. Urine and blood
samples were also obtained at this time.

e.t. GXM administration. Four rats were anesthetized with methoxyflurane
(Pitman-Moore, Mundelein, Ill.) and inoculated e.t. with 200 pg of GXM under
direct visualization, using an otoscope (Welch Allyn, Skaneateles Falls, N.Y.)
and a modified spinal needle as described previously (15). Rats were sacrificed 5
days after e.t. inoculation; organs were removed and placed in formalin.

Determination of GXM in organ tissues. Approximately 0.2 g of organ tissue
was placed in 2 ml of PBS and homogenized with an Ultraturex T25 (Janke and
Kunkel, Staufen, Germany). Proteinase K (1 mg/ml; Boehringer Mannheim,
Mannheim, Germany) was added, and the suspension was incubated at 37°C
overnight. Samples were then heated to 100°C for 15 min and tested by ELISA
(see below).

Measurement of GXM in organ tissue. Serum, urine, and organ levels of GXM
were determined by a MAD capture ELISA as described previously (15, 31).
Body fluids and organ tissue samples from rats which did not receive any GXM
were used as controls. Since some rats had high serum GXM levels at the time
of determination of organ GXM levels, organ levels were corrected by multiply-
ing the amount of plasma per organ (99 pl/g for liver, 86 wl/g for spleen, and 92
wl/g for kidney) by respective serum GXM levels and subtracting this value from
the original GXM level (1). Correction for serum GXM content did not affect
relative amounts of organ GXM.

Measurement of rat serum antibody to GXM. In rats receiving no MAb 2H1,
the level of serum anti-GXM antibody was determined by ELISA (30). Briefly,
1 pg of GXM per ml was absorbed on 96-well polystyrene plates (Corning Glass
Works, Corning, N.Y.). Plates were blocked with 1% bovine serum albumin and
serial dilutions of serum were added to each well. Alkaline phosphatase-labeled
anti-rat IgG or IgM (Southern Biotechnology, Birmingham, Ala.) was added, and
the presence of antibody was detected by colorimetric reaction with p-nitrophe-
nyl substrate. A positive titer was defined as the dilution giving an A5 of greater
than two times the background signal (8).

Tissue immunohistochemistry. Localization of GXM in tissue was done by
immunohistochemical techniques as described previously (15). Organs were fixed
in formalin, embedded in paraffin, and sectioned into 4-um slices. Tissue sections
were deparaffinized, treated with proteinase K (10 pg/ml), and incubated with
the IgG3 anti-GXM MAD 3ES5 as described previously (15). Peroxidase-conju-
gated goat anti-mouse IgG (Fischer Scientific, Orangeburg, N.Y.) was used as a
secondary antibody, and color was developed with diaminobenzidine. Sections
were counterstained with hematoxylin or periodic acid-Schiff reagent. To en-
hance the contrast in spleen sections, an alkaline phosphatase-labeled secondary
antibody (Southern Biotechnology) was used in place of the peroxidase-conju-
gated antibody. Color was developed with Sigma Fast Red TR/Naphthol AS-MX
(Sigma, St. Louis, Mo.), which contains 1 mM levamiosole to block endogenous
alkaline phosphatase activity. Two rats which did not receive GXM were used as
negative controls.

Statistics and serum ¢, ,. P values were calculated with a ¢ test by using Primer
of Biostatistics software (McGraw-Hill, Inc., New York, N.Y.). Some P values
were calculated by a ¢ test with the Satterthwaite method for unequal variances
by using True Epistat version 3.1 (Epistat Services, Richardson, Tex.). Serum
GXM t,,, was calculated from clearance curves by nonlinear regression by using
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a pharmacokinetics software package (PCNONLIN; SCI Software, Lexington,
Ky.).

RESULTS

Pharmacokinetics of GXM. i.v. administration of 200 pg of
GXM to rats weighing 197 = 10 g resulted in an average serum
GXM concentration of 46.9 = 10.3 pg/ml 2 h after injection
(Fig. 1). The kinetics of GXM elimination differed with time.
In the first 74 h of GXM administration, the ¢,,, of GXM was
approximately 14.3 = 1.8 h. After 74 h, serum elimination was
more rapid with a ¢, of 3.4 h and correlated with the appear-
ance of serum antibody to GXM (see below). To determine the
effect of specific anti-GXM antibody on serum GXM levels,
rats were given MADb 2H1 i.v. 4 h after the injection of GXM
(Fig. 1). Rats receiving 30 or 300 g of MAb 2H1 had signif-
icantly lower serum GXM levels than rats receiving no MAb
within 3 h of MAb administration. The reduction in serum
GXM levels correlated with the amount of MAb 2H1 given.
No reduction in serum GXM was observed for rats receiving 3
pg of MADb 2H1. GXM was not detected in the urine (<0.050
pg/ml) of antibody-treated and -untreated rats 5 h following
the administration of GXM and remained undetectable at 2
and 6 days, respectively.

Organ GXM levels. In rats receiving i.v. GXM alone, the
GXM concentrations in the spleen and liver were 2.98 + 2.08
and 0.41 * 0.58 pg/g, respectively, 5 h after GXM injection
(Fig. 2). No GXM (<0.08 ng/g) was detected in the kidneys of
these animals. Six days after the administration of GXM, the
spleen GXM concentration in rats not receiving antibody was
1.00 = 0.27 pg/g, with no detectable GXM in the brain, lungs,
liver, or kidneys. In rats receiving 300 pg of MAb 2H1, the
corrected average organ GXM concentrations in the spleen,
liver, and kidneys at 5 h were 3.59 = 0.34 ug/g (P = 0.65), 3.91
+ 0.07 pg/g (P < 0.001), and 0.18 = 0.02 pg/g, respectively.
After 2 days, the average organ GXM concentrations for the
rats receiving antibody were 1.15 = 0.15 and 0.78 = 0.14 ng/g
in the spleen and liver, respectively. No GXM was detected in
the lungs, kidneys, or brain.

Rat antibody response to GXM. The rapid decline in serum
GXM levels observed at the latter time points for rats not given
MADb 2H1 (Fig. 1) suggested the possibility that rats were
producing endogenous antibody to GXM. Antibody to GXM
was measured in three rats not receiving MAb 2H1. Two of
three rats had an IgM titer of 1:9 by day 4. All three rats
developed an IgG anti-GXM titer of 1:27 by day 5 (Fig. 3).

Immunohistochemistry. Immunohistochemical studies of
rats sacrificed 5 h after i.v. injection of GXM alone revealed
strong GXM immunoreactivity in scattered cells of the outer
marginal zone of the spleen (Fig. 4A). The morphology of the
immunoreactive cells indicated that they are marginal zone
macrophages. Light GXM staining was also noted in spleen
follicles and vascular spaces of the kidneys and liver, with
occasional staining of the sinusoidal spaces. Six days after the
administration of GXM, serum GXM levels were undetectable
and immunohistochemistry was performed. These studies re-
vealed increased GXM immunoreactivity in the follicles com-
pared with the 5 h time point (Fig. 4B). Some follicles con-
tained GXM immunoreactivity in close proximity to large cells,
representing early germinal center formation. GXM was not
detected in the livers, brains, and kidneys of these rats.

In rats receiving GXM and 300 g of 2H1, there was a large
increase in GXM immunoreactivity within the liver. Five hours
following the administration of GXM, immunoreactivity was
localized to the cells lining the sinusoidal spaces as well as the
sinusoidal space itself. Many of these GXM immunoreactive



3450 GOLDMAN ET AL.

INFECT. IMMUN.

100
O GXM plus 300ug 2H1
® GXM alone
VvV GXM plus 3ug of 2H1
T ¥ GXM plus 30ug of 2H1

-

c 10 b

~

o

3

p—

>

>

(@]

=

2 1 E

o

Ll

(03]

0.1+
0.01 i ! | ! 1
0 A 20 40 60 80 100 120

P 2H1

TIME (hours)

FIG. 1. Average serum GXM levels in the presence and absence of specific antibody. Rats were given 200 pg of GXM followed by 300, 30, 3, or 0 ug of MAb 2H1
i.v. Error bars indicate standard deviations of the means (n = 3). Arrow indicates time of 2H1 administration.

cells were stellate in appearance and periodic acid-Schiff pos-
itive, features consistent with those of activated Kupffer cells.
GXM-immunoreactive macrophages and polymorphonuclear
cells were also noted within the sinusoidal spaces. There was
no hepatocyte staining. MAb-treated rats also demonstrated
GXM immunoreactivity in cells of the marginal zone and fol-
licles of the spleen in a pattern similar to that described for rats
which received GXM alone.

Two days after the administration of GXM and MADb 2H]1,
immunohistochemistry revealed persistent GXM immunoreac-
tivity in the liver and spleen. For rats receiving MAb 2H1,
tissue immunohistochemistry was done at 2 days because this
was the time when serum GXM was no longer detectable. The
distribution of GXM immunoreactivity in the liver at 2 days
was similar to that at 5 h (see above), except for an apparent
decrease in GXM immunoreactivity within the sinusoidal
space itself as well as a decrease in the number polymorpho-
nuclear leukocytes within the sinusoidal spaces. Study of the
spleens of these animals revealed GXM immunoreactivity in
the marginal zones and increased follicular staining relative to
that at 5 h. There was no immunoreactivity detected in the
brains, lungs, or kidneys of MAb 2H]1-treated rats.

e.t. administration of GXM. Our earlier study of rat C.
neoformans pulmonary infection found low levels of serum

GXM despite significant lung tissue infection. To study
whether GXM penetrated into the serum from the airways,
rats were given GXM e.t., and serum GXM levels were deter-
mined at various times afterward. Serum GXM levels in all
four rats given GXM e.t. were low (<0.050 pg/ml) at 3, 6, 10,
24, 48,72, 96, and 120 h following e.t. administration. Two rats
had isolated serum concentrations of less than 0.2 wg/ml (48
and 120 h), and one rat had an isolated serum GXM concen-
tration of 0.74 wg/ml (72 h). GXM was detected in lung ho-
mogenates by capture ELISA for all rats, with an average
concentration of 1.08 = 0.53 pg/g. In none of the rats was
GXM detected in the brain homogenate. In three of four rats,
no GXM was detected in liver or spleen homogenate. In one
rat (the rat with the serum GXM level of 0.74 pg/ml), GXM
was detected in the liver (0.25 pg/g) and spleen (1.32 wg/g)
homogenates. In two of the four rats, GXM was detected in the
kidney homogenate, with an average GXM concentration of
0.21 = 0.04 pg/g. Lung immunohistochemistry at day 5 re-
vealed localized GXM to large foamy macrophages within the
alveolar spaces and septa. Spleen immunohistochemistry local-
ized GXM to the marginal zone in the one rat in which the
spleen homogenate was positive for GXM. GXM immunore-
activity was not detected in the kidneys, livers, or brains of
these rats.
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FIG. 2. GXM concentrations in spleens, livers, and kidneys of MAb-treated (open bars) and non-MAb-treated (black bars) rats 5 h after administration of GXM.
Dotted lines represent the lower limits of GXM detection in our assay (0.15 wg/g). Error bars indicate standard deviation of the mean (n = 3). P values were calculated
by a t test. P values calculated by a ¢ test with Satterthwaite’s method for unequal variances were comparable, being 0.6926 and 0.0067, respectively, for the spleen and
liver comparisons: P values for kidney homogenates were not calculated because the GXM concentration was below the limit of detection in the non-MAb-treated rats.

DISCUSSION

Injection of GXM into the tail veins of rats resulted in
sustained serum levels. i.v. administration of 200 pg of GXM
into rats weighing approximately 200 g resulted in serum levels
of 46.9 = 10.3 pwg/ml at 2 h. The calculated volume of distri-
bution of GXM was 4 = 2 ml. This volume is very similar to the
calculated plasma volume for a 200-g rat of 5.5 ml, assuming a
blood volume of 64 ml/kg and a hematocrit of 43% (25). The
equivalence of the volume of distribution and the plasma vol-
ume indicate that shortly after injection, GXM is found pri-
marily in the serum compartment. There were two different
phases of GXM elimination. The initial phase lasts until about
74 h and has a calculated ¢,,, of 14 h. This t,,, value is similar
to that the reported cryptococcal polysaccharide ¢, in mice
(28) and rabbits (19). After 74 h, there is a rapid decrease in
serum GXM which coincides with the appearance of endoge-
nous serum antibody to GXM and is likely to result from
antibody-mediated clearance of GXM (see below).

Organ GXM localization was studied by two techniques:
GXM organ levels measured by capture ELISA and immuno-
histochemistry. Each technique provided complementary in-
formation. Organ levels provide information of GXM amount
per organ, whereas immunohistochemistry provides informa-
tion on cellular localization. In the absence of exogenously
administered antibody, GXM antigen localized to the spleen.
This is consistent with the findings of Muchmore et al. (28),
who reported that administration of cryptococcal polysaccha-
ride localized to the spleen of mice and persisted there for over
70 days. Immunohistochemical analysis of spleen tissue re-
vealed that GXM initially (within 5 h) localized primarily to
macrophages in the outer marginal zone, with light staining of
the follicles. This observation is consistent with studies that
have demonstrated a preferential uptake of other T-cell-inde-
pendent type 2 (TI-2) antigens by marginal zone macrophages
and may be the result of specialized carbohydrate receptors on
the marginal zone macrophage (23).
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FIG. 3. (A) Inverse IgM titers to GXM for three rats following the admin-
istration of 200 pg of GXM in the absence of exogenous antibody as determined
by ELISA. (B) Inverse IgG titers to GXM for three rats following the adminis-
tration of 200 pg of GXM in the absence of exogenous antibody as determined
by ELISA.
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FIG. 4. (A) Immunohistochemistry for GXM in rat spleen 5 h after the
administration of GXM reveals immunoreactivity in the outer marginal zone and
inside the follicle. Magnification, X240. The secondary antibody was alkaline
phosphatase goat anti-mouse IgG antibody. mz, marginal zone: f, a follicle
identified at lower power. (B) Immunohistochemistry for GXM in rat spleen 6
days after administration of GXM reveals persistent immunoreactivity in the
marginal zone and increased follicular localization. Arrow points to an early
germinal center. Magnification, X240. (C) Immunohistochemistry for GXM in
liver in MAb 2H1-treated rat reveals immunoreactivity within Kupffer cells. The
secondary antibody was peroxidase-conjugated goat anti-mouse IgG antibody.
Magnification, X600.

Six days after GXM administration, there was a marked
increase of GXM immunoreactivity in the follicles. Although
follicular localization is not usually associated with TI-2 anti-
gens, complement-dependent localization to the follicle has
been reported for trinitrophenyl-Ficoll, another TI-2 antigen
(18). In addition, follicular localization of antigen-antibody
complexes is a well-described phenomenon (42) which may

INFECT. IMMUN.

account for the presence of GXM immunoreactivity within
follicles, since most rats developed an antibody response to
GXM. The development of germinal centers in proximity to
cells exhibiting GXM immunoreactivity is atypical for TI-2
antigens but has been reported following the administration of
dextran to mice (43). The follicular pattern of GXM immuno-
reactivity may contribute to the relatively brisk anti-GXM an-
tibody response demonstrated by rats receiving GXM alone.

Administration of GXM binding MAb 2H1 resulted in a
rapid reduction of serum GXM levels. Rapid elimination of
serum GXM also occurred in rats not given MAb after 72 h
and was temporally correlated with the appearance of rat se-
rum antibody to GXM. This result is consistent with the find-
ings observed after MAb 2H1 administration. Previous studies
had shown that administration of MAb 2H1, but not an irrel-
evant isotype-matched IgG1 control, reduced serum GXM in
murine i.v. infection (31). However, it was unclear if this effect
was the result of antibody-mediated reduction in C. neofor-
mans infection or a direct effect of antibody on GXM (30, 31).
The results presented here indicated that MAb 2H1 can re-
duce GXM directly. The magnitude of the antibody-mediated
reduction in serum GXM was dependent on MADb 2H1 dose.
No reduction was observed with the small dose of 3 pg of MADb
2H1. MADb 2H1 reduction in serum GXM is likely to result
from the formation of antigen-antibody complexes and their
subsequent removal from serum by reticuloendothelial cells.
Administration of MAb 2H1 to rats with high GXM levels was
well tolerated, and the rats did not manifest signs of distress or
illness. Organ GXM deposition was different in MAb 2H1-
treated rats. At 5 h, the amounts of GXM per gram of spleen
and liver tissue in MAb 2Hl1-treated rats were equivalent.
Since the liver weighs approximately 13 times more than the
spleen, the amount of GXM in the liver was much greater than
that in the spleen. These findings are in agreement with those
of Russell et al., who demonstrated a preferential localization
of radiolabeled pneumococcal polysaccharide to the livers of
mice treated with either an IgG3-, an IgA-, or an IgM-specific
MAD (38). Thus, organ tissue localization of GXM antigen can
be altered by specific antibody. For spleen and liver, tissue
deposition is much greater in the spleen than in liver in the
absence of antibody and less in the spleen than in the liver in
the presence of antibody.

e.t. administration of GXM resulted in low levels of serum
GXM levels comparable to those measured during e.t. infec-
tion (15). At 120 h after e.t. administration, the organ levels of
GXM remained greatest in the lung. In the lung, GXM was
localized primarily to pulmonary macrophages, which may re-
flect opsonin-independent phagocytosis by rat macrophages
(4).

The ultimate fate of cryptococcal GXM antigen in infection
is unknown. No mammalian enzymes are known to digest
GXM. Persistence of GXM antigen in spleen and liver cells for
prolonged periods of time (weeks to months) has been docu-
mented in mice. In the absence of antibody, GXM appears to
accumulate in the spleens of rats and may also persist there for
long periods of time. Relatively little polysaccharide antigen
was found in the urine, arguing against significant kidney elim-
ination in the short term. However, urinary excretion may be
able to eliminate significant amounts of GXM over the long
term. Persistence in the spleen may contribute to the unre-
sponsiveness of cured patients to rechallenge with polysaccha-
ride antigen.

In summary, clearance of GXM occurs primarily by cells of
the reticuloendothelial system. In the absence of specific anti-
body, GXM is sequestered primarily by spleen macrophages.
In the presence of specific antibody, GXM is sequestered pri-
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marily by hepatic Kupffer cells. Differences in organ localiza-
tion may affect immune responses to GXM and C. neoformans
and suggest another mechanism by which the presence of an-
tibody immunity to GXM may modify the course of infection.
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