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Abstract

 

High titers of cryptococcal polysaccharides in the serum

and spinal fluid and the lack of cellular infiltrates in the in-

fected tissues are hallmarks of disseminated cryptococcosis.

Cryptococcal polysaccharides given intravenously to mice

inhibit the influx of leukocytes into sites injected with in-

flammatory mediators. The purpose of this investigation

was to determine if cryptococcal polysaccharides, i.e., glu-

curonoxylomannan (GXM), galactoxylomannan, and man-

noprotein, affect expression of molecules on the surface of

neutrophils that are important in extravasation. GXM in

the absence of serum was shown to induce human neutro-

phils to shed L-selectin, a molecule needed in the first step

of neutrophil movement into tissues. In the presence of se-

rum, GXM caused a further shedding of L-selectin. Shedding

of L-selectin was evident by reduced amounts of L-selectin

on the neutrophils treated with GXM and by increased levels

of soluble L-selectin in the GXM-treated neutrophil super-

natants. GXM also stimulated neutrophils to have reduced

expression of TNF receptor. In contrast, GXM-treated neu-

trophils showed increased levels of CD15 and CD11b, and

unchanged CD16 expression. In the absence of serum, ga-

lactoxylomannan and mannoprotein did not affect L-selectin,

TNF receptor, CD15, CD11b, or CD16 on neutrophils but

did induce loss of L-selectin in the presence of serum. Our

results indicate that cryptococcal polysaccharides, espe-

cially GXM, can cause shedding of L-selectin from the sur-

face of neutrophils, and this may prevent neutrophils from

attaching to the endothelial cell surfaces. Blockage of this

early step in cell migration from the vessels into tissues may

be responsible in part for reduced cellular infiltration into

infected tissues of individuals with disseminated cryptococ-

cosis. (
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Introduction

 

Cryptococcus neoformans 

 

is an encapsulated yeast-like organ-
ism that causes infection in both immunologically normal and

immunocompromised individuals. Cryptococcosis ranks fourth
in the infectious diseases causing death of AIDS patients (1, 2).
Systemic cryptococcosis is characterized by high titers of cryp-
tococcal polysaccharides in serum and minimal cellular infil-
tration into infected tissues of patients (3–5). By using a mouse
model, we have found that an intravenous injection of crypto-
coccal polysaccharides inhibits leukocyte infiltration, including
PMN infiltration, into the site of a 

 

C. neoformans

 

–induced in-
flammatory response as well as into an inflammatory site in-
duced by another organism, 

 

Mycobacterium tuberculosis, 

 

or
induced by a proinflammatory cytokine such as TNF-

 

a

 

 (6).
Our findings suggest that the minimal cellular infiltrates ob-
served in infected tissues of cryptococcosis patients may be
due, in part, to the circulating cryptococcal polysaccharides.
The fact that high titers of cryptococcal polysaccharides in se-
rum of cryptococcosis patients can diminish leukocyte migra-
tion in response to stimuli other than 

 

C. neoformans

 

 may be an
important confounding factor in AIDS patients with crypto-
coccosis.

The mechanisms underlying inhibitory effects of circulating
cryptococcal polysaccharides on leukocyte influx are not clear.
It is well known that leukocyte attachment to endothelial cells
is an important step for leukocyte extravasation. PMN–endo-
thelial cell interactions are mediated by two different sets of
receptor–ligand interactions (7, 8). One set of receptors in-
volves the selectin family and their ligands, and the other in-
volves the 

 

b

 

2 integrins (CD11a,b,c/CD18) and their ligands. It is
possible that circulating cryptococcal polysaccharides may down-
regulate PMN surface expression of functionally important se-
lectins or integrin molecules and/or may block the receptor–
ligand interactions by binding to the receptor or the ligand.
Any of these interactions of cryptococcal polysaccharides
would result in inhibition of the PMN attachment to the endo-
thelial cells, which in turn would inhibit PMN migration into
inflammatory sites.

L-selectin is one adhesion molecule constitutively ex-
pressed on the surface of most leukocytes including human
neutrophils (PMN), and it is essential for the first contact be-
tween endothelial cells and PMN as the PMN are recruited into
an inflammatory site (9). Anti–L-selectin mAb and L-selectin–
binding polysaccharide, fucoidin, given intravenously, have
been found to block leukocyte accumulation within the in-
flamed peritoneum and spinal fluid of bacterial meningitis
patients (10, 11), showing that L-selectin is involved in the in-
flammatory response. Down-regulation of L-selectin on leuko-
cytes is a well-known phenomenon (9). Proteolytic cleavage of
the extracellular region of L-selectin results in formation of
soluble L-selectin (sL-selectin),

 

1

 

 which has been proposed to
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have regulatory functions (12). Loss of L-selectin from the
PMN surface before adhesion of the PMN to the endothelial
cells is one mechanism by which intravascular IL-8 induces
blockage of PMN accumulation at the site of inflammation
(13).

Filtrate from a 5-d culture of

 

 C. neoformans 

 

(CneF) con-
tains major cryptococcal capsular polysaccharides (14). CneF
can be fractionated into at least three components (15). The
predominant component in CneF is a high–molecular weight
glucuronoxylomannan (GXM). GXM is readily detected in se-
rum from patients with systemic cryptococcosis by polyclonal
anticryptococcal antibodies on latex beads. The two other mi-
nor constituents in CneF are galactoxylomannan (GalXM)
and mannoprotein (MP). Indirect evidence suggests that
GalXM and MP are also shed into the patient’s body fluids
during infection (16). In our previous studies, we have found that
an intravenous injection of each component of CneF into mice
can block PMN accumulation at the site of inflammation (6). 

The main objective of this study was to determine whether
or not individual components of CneF (GXM, GalXM, or MP)
can directly and/or indirectly induce L-selectin shedding from
the surface of human PMN in vitro. To assess this, expression
of L-selectin on human PMN after incubation with and with-
out individual components of CneF in HBSS or in pooled hu-
man serum (PHS) was measured by immunofluorescence
staining of cells and flow cytometric analysis. sL-selectin levels
in supernatants of PMN stimulated with individual compo-
nents of CneF were determined with a commercial ELISA kit.
To determine if only L-selectin was affected by cryptococcal
polysaccharides, the densities of other PMN surface molecules,
such as TNF receptor (TNFR), CD16 (Fc

 

g

 

RIII), CD15 (a
Lewis

 

X

 

 carbohydrate antigen), and CD11b, were measured af-
ter treatment of PMN with HBSS or individual components of
CneF. 

 

Methods 

 

Maintenance of endotoxin-free conditions.

 

To prevent endotoxin from
influencing the experimental results, all experiments were performed
under conditions that minimize endotoxin contamination. This in-
cluded the use of plastic ware that was endotoxin-free, glassware that
had been heated for 3 h at 180

 

8

 

C, and reagents that had been found to
contain 

 

, 

 

8 pg/ml of endotoxin (minimal detectable level) with the

 

Limulus 

 

assay (Whittaker Bioproducts, Inc., Walkersville, MD).

 

mAbs.

 

The following fluorochrome-conjugated mAbs were pur-
chased from Becton Dickinson Immunocytometry Systems, Inc.
(Mountain View, CA): FITC-conjugated anti-CD15 (mouse IgM),
phycoerythrin (PE)-conjugated anti-CD16 (mouse IgG1), PE-conju-
gated anti–L-selectin mAb anti–Leu-8 (mouse IgG2a), PE-conju-
gated anti-CD11b (mouse IgG2a), and PE-conjugated mouse irrele-
vant IgG1 and IgG2a for isotype controls. FITC-conjugated mouse
irrelevant IgM for an isotype control was purchased from Coulter Im-
munology (Hialeah, FL). Rat anti–human TNFR p75-80 (IgG2b) was
purchased from Genzyme (Cambridge, MA). FITC-conjugated goat
F(ab

 

9

 

)2 anti–rat IgG, used as a secondary reagent to recognize anti-
TNFR p75-80, and rat irrelevant IgG2b, used as an isotype control for
anti-TNFR p75-80, were purchased from Caltag Laboratories (South
San Francisco, CA). Anti-GXM mAb 439 (mouse IgG1) was a gener-
ous gift of Dr. T. R. Kozel (University of Nevada, Reno, Nevada).
The mouse myeloma protein MOPC21, used as an isotype control for
the mouse IgG1 antibodies, was obtained from Organon Teknika-
Cappel (Malvern, PA). 

 

Preparation of GXM, GalXM, and MP from CneF.

 

CneF was pre-
pared as previously reported by culturing 

 

C. neoformans 

 

isolate 184A

in a defined medium (17). CneF was analyzed by anodic polyacryla-
mide slab gel electrophoresis and displayed three bands previously
characterized as GXM, GalXM, and MP after staining the gels with
periodic acid–Schiff’s stain (14). GXM, GalXM, and MP fractions of
CneF were prepared as previously described (18). Briefly, GXM was
isolated from CneF by gel filtration on a high-resolution column
(Sephacryl S-300; Pharmacia Biotech, Uppsala, Sweden). The
GalXM fraction was separated from the MP fraction by concanavalin
A chromatography. All fractions were subjected to electrophoresis
and concanavalin A blotting to determine the efficiency of the frac-
tionation and were then lyophilized and reconstituted in endotoxin-
free, sterile physiologic saline solution to 2 mg (dry wt)/ml.

 

Immunoprecipitated GXM.

 

GXM at 1 mg dry wt/ml was incu-
bated with anti-GXM (500 

 

m

 

g/ml) or as a control with an irrelevant
isotype-matched mAb (500 

 

m

 

g/ml) for 30 min at 4

 

8

 

C. Then protein
G–Sepharose was added, and the mixture was incubated for an addi-
tional 30 min at 4

 

8

 

C. After centrifugation, the supernatants were col-
lected as the source of anti-GXM–treated GXM or isotype-matched
antibody-treated GXM. 

 

PHS and complement C5-deficient human serum.

 

Peripheral blood
was collected from three volunteers. The sera were pooled and stored
at 

 

2

 

130

 

8

 

C. This pool was used as the source of PHS. Human serum
deficient in the complement component C5 was purchased from
Sigma Chemical Co. (St. Louis, MO). 

 

Human neutrophils.

 

Human PMN were obtained by the method
previously described (18). Briefly, buffy coats of human peripheral
blood were diluted with HBSS and layered on Ficoll-Hypaque and
centrifuged. The cell pellet was collected from the Ficoll-Hypaque
and sedimented with 6% dextran solution for 30 min. The PMN-rich
population was collected from the upper layer of the dextran solu-
tion. Residual red blood cells were lysed with a 0.85% NH

 

4

 

Cl solu-
tion. PMN were washed and resuspended in HBSS before they were
diluted to a concentration of 1 

 

3 

 

10

 

7 

 

cells/ml. The cell populations
were comprised of 

 

. 

 

95% neutrophils as determined by differential
counts on Diff-Quick (Baxter Healthcare Co., Miami, FL)–stained
smears. The viability of cells in the PMN-enriched fraction was 

 

. 

 

95%
by trypan blue dye exclusion.

 

Cell cultures.

 

PMN (10

 

6

 

) were incubated in 0.5-ml polypropylene
microcentrifuge tubes for the designated time at 37

 

8

 

C either in 100 

 

m

 

l
HBSS alone or in 100 

 

m

 

l HBSS containing FMLP at 10

 

2

 

6 

 

M; 50 

 

m

 

g or
100 

 

m

 

g of GXM, GalXM, or MP; 25% PHS or C5-deficient serum
with or without added GXM, GalXM, or MP; anti-GXM–treated
GXM; or isotype-matched antibody-treated GXM. Solutions of PHS
or C5-deficient serum with added GXM, GalXM, or MP were incu-
bated in a 37

 

8

 

C water bath for 30 min before they were mixed with
PMN. After culture of PMN for the designated time (30 min, 1 h, or
2 h) with one of the reagents, the supernatant fluid was tested for the
presence of sL-selectin with an L-selectin ELISA kit, and PMN were
immunostained for surface expression of L-selectin, TNFR p75-80,
CD16, CD15, or CD11b and subjected to flow cytometric analysis.
The viability of each PMN population was determined by trypan blue
dye exclusion after incubation with each one of the above reagents
for 2 h at 37

 

8

 

C and found to be the same as when the PMN were incu-
bated similarly in HBSS (

 

. 

 

90% viable).

 

Immunofluorescence staining and flow cytometric analysis.

 

For di-
rect immunofluorescent analysis of L-selectin, CD15, CD11b, or
CD16 on the surface of human PMN, 10

 

6 

 

PMN were suspended in 50

 

m

 

l of staining buffer (PBS supplemented with 0.1% BSA and 0.1%
sodium azide) containing 0.2 

 

m

 

g of PE-conjugated mouse anti–Leu-8
mAb, 2 

 

m

 

g of FITC-conjugated mouse anti-CD15 mAb, 0.5 

 

m

 

g of PE-
conjugated mouse anti-CD11b mAb, or 1 

 

m

 

g of PE-conjugated mouse
anti-CD16 mAb and incubated for 30 min at 4

 

8

 

C. After three washes
with staining buffer, PMN were fixed in 1% paraformaldehyde (wt/
vol) in PBS and stored at 4

 

8

 

C in the dark until analyzed. All samples
were analyzed within 24 h after labeling. Isotype-matched FITC or
PE-conjugated mAbs that did not specifically react with human PMN
were used as controls to exclude Fc-related and nonspecific binding.
For indirect immunofluorescent analysis of the TNFR p75-80 on the
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surface of human PMN, 10

 

6 

 

PMN were suspended in 50 

 

m

 

l of staining
buffer with 1 

 

m

 

g goat anti–rat IgG (Sigma Chemical Co.) as a block-
ing antibody and incubated for 30 min at 4

 

8

 

C.

 

 

 

After washing twice in
staining buffer,

 

 

 

the cells were suspended in 50 

 

m

 

l of staining buffer
containing

 

 

 

0.5 

 

m

 

g of rat anti–human TNFR p75-80 (IgG2b) mAb or
the isotype-matched control antibody and incubated for 30 min at
4

 

8

 

C. After three washes, the cells were suspended in staining buffer
containing 1 

 

m

 

g of FITC-conjugated goat F(ab

 

9

 

)2 anti–rat IgG and in-
cubated for 30 min at 4

 

8

 

C. After three more washes in staining buffer,
the cells were fixed and stored as indicated above. 

The immunofluorescently labeled cells were analyzed with a
FACStar

 

®

 

 PLUS flow cytometer (Becton Dickinson Immunocytome-
try Systems, Inc.). Single-color immunofluorescence analysis was per-
formed on all samples, and the fluorescent label on the isotype con-
trol antibody was the same as the fluorescent label on the specific
antibody. FITC and PE were excited using the 488-nM line from an
argon ion laser (Coherent Inc., Palo Alto, CA) set at 100 mW. FITC
fluorescence was detected through a 530/30 band pass filter, and PE
fluorescence was detected through a 575/26 band pass filter. Neutro-
phils were identified for analysis by forward and right-angle light
scatter, and gates were set to exclude from the analyses contaminat-
ing dead cells, erythrocytes, lymphocytes, platelets, or debris. Rou-
tinely, 10,000 cells were analyzed. The data were displayed as histo-
grams with the x-axis showing the fluorescence intensity and the
y-axis showing the relative number of cells. To determine the percent
positive cells, a channel marker was set on the appropriate control
histogram so that 5% or less of the cells were to the right of the chan-
nel marker, and then the percentage of cells that appeared to the
right of the channel marker in the specific antibody–stained sample
histogram was determined. The mean log fluorescence intensity
(channel number) for the total PMN population and for the positive
cells was determined and converted into linear fluorescence intensity
units. The results (mean fluorescence intensity units) are equivalent
to net fluorescence intensity units (experimental sample fluorescence
units minus control sample fluorescence units).

 

sL-Selectin ELISA.

 

Quantification

 

 

 

of

 

 

 

sL-selectin levels in super-
natants of PMN stimulated with FMLP, GXM, GalXM, or MP were
performed as described in the kit insert with a commercial ELISA kit
(Bender MedSystems, Vienna, Austria). This commercial assay was
capable of detecting from 0.4 to 25 ng/ml of sL-selectin. 

 

Statistical analysis.

 

Mean, SEM, and Student’s

 

 t 

 

test results were
used to analyze the data. When two groups were compared, a 

 

P

 

 of

 

# 

 

0.05 was considered to indicate a significant difference between the
groups.

 

Results

 

Effects of GXM, GalXM, and MP on surface L-selectin expres-

sion.

 

It has been reported that L-selectin is constitutively ex-
pressed on the surface of blood PMN from normal individuals

(19). With a direct immunofluorescence labeling procedure and
PE-conjugated anti–Leu-8 mAb, we found that the majority
(80–90%) of human peripheral blood PMN expressed L-selectin
(Table I). It is well documented that PMN shed their surface
L-selectin very rapidly (within 5 min) after stimulation with
FMLP and do not reexpress this molecule (9). In preliminary
experiments, we confirmed that culturing PMN with FMLP for
30 min resulted in a dramatic decrease in the amount of cell
surface L-selectin, and, with further incubation up to 1 h, we did
not observe any further changes in L-selectin on the PMN sur-
faces. As shown in Table I, 

 

z 

 

60% of the PMN were L-selectin
negative within 1 h after stimulation with FMLP, and the re-
maining 40% of the PMN expressed 

 

z 

 

50% of the level of
L-selectin expressed on unstimulated PMN. The density of
L-selectin on the total PMN population after stimulation with
FMLP was reduced 76%. GXM at 100 

 

m

 

g/10

 

6

 

 PMN, like FMLP,
induced loss of L-selectin from human PMN. Throughout our
studies, we examined FMLP- and GXM-induced L-selectin
loss with PMN from 10 different donors, and, although the de-
gree of L-selectin loss varied from individual to individual, in
each case both stimulants induced a loss in L-selectin from the
surface of the PMN. In general, L-selectin loss induced by
GXM was less than that induced by FMLP (Table I); however,
in some individuals, GXM induced an equivalent or greater loss
than FMLP. Our preliminary experiments, in which L-selectin
loss was measured at 30 and 60 min after addition of the stim-
ulant, demonstrated that the GXM-induced loss of L-selectin
from PMN was slower than the FMLP-induced loss inasmuch
as maximal L-selectin loss did not occur until 1 h after addition
of GXM, whereas maximal loss of L-selectin in response to
FMLP was evident at 30 min. In contrast to GXM, neither
GalXM nor MP in HBSS induced L-selectin loss from human
PMN after incubation for 1 h.

In previous studies, we found that both GXM and MP
could activate the complement pathway in serum to generate a
chemotactic factor(s), possibly C5a (18). In those studies, it
was not determined whether or not GalXM could activate the
complement pathway. Other investigators have reported that
C5a can induce L-selectin loss from PMN (20). Therefore, it is
possible that the activation of complement by GXM, GalXM,
or MP results in the production of a factor(s) as C5a that in-
duces L-selectin loss. To examine this possibility, GXM,
GalXM, or MP was incubated with 25% PHS for 30 min at
37

 

8

 

C before the activated serum was incubated with PMN. As
shown in Fig. 1, PHS alone did not affect L-selectin density on
the PMN. GXM induced L-selectin loss in the absence of se-

 

Table I. L-Selectin Expression on Human PMN after Incubation with Various Reagents*

 

Reagent

 

‡

 

Percent PMN positive
for L-selectin

Mean fluorescence intensity units
of L-selectin–positive PMN

Mean fluorescence intensity
units of total PMN population

 

HBSS 86

 

6

 

5 52

 

6

 

9 38

 

6

 

4

FMLP 41

 

6

 

13

 

§

 

19

 

6

 

4

 

§

 

9

 

6

 

2

 

§

 

GXM 58

 

6

 

7

 

§

 

26

 

6

 

8

 

§

 

12

 

6

 

1

 

§

 

GalXM 88

 

6

 

4 53

 

6

 

9 41

 

6

 

7

MP 87

 

6

 

4 52

 

6

 

10 39

 

6

 

4

*L-Selectin on PMN was determined by flow cytometric analysis after immunostaining of treated PMN with PE-conjugated anti–L-selectin mAb.

Mean fluorescence intensity units were calculated as described in Methods. The results are reported as mean

 

6

 

SEM from four normal donors. 

 

‡

 

PMN

(10

 

6

 

) were incubated with HBSS with FMLP at 10

 

2

 

6

 

 M, or with 100 

 

m

 

g of GXM, GalXM, or MP in 0.1 ml of HBSS for 1 h at 37

 

8

 

C. 

 

§

 

P 

 

,

 

 0.01 vs HBSS

controls.
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rum, and, when mixed with serum, GXM induced additional
L-selectin loss (

 

P

 

 

 

, 

 

0.01 when compared with incubation with
GXM in HBSS). Neither GalXM nor MP induced L-selectin
loss in the absence of serum, but, in the presence of serum,
both GalXM and MP induced significant losses of L-selectin
from PMN (

 

P

 

 

 

, 

 

0.01). To examine which serum factor(s)
might be important in the GXM-, GalXM-, or MP-activated
serum that mediates L-selectin loss from PMN, serum defi-

cient in the complement component C5 was treated with
GXM, GalXM, or MP before adding the activated C5-defi-
cient serum to PMN. As shown in Table II, in the presence of
C5-deficient serum, neither GalXM nor MP induced L-selectin
loss from the surface of PMN, and GXM-activated C5-defi-
cient serum did not induce any greater L-selectin loss from
PMN than was observed when PMN were incubated with
GXM in HBSS. These data confirm that only GXM can di-
rectly induce L-selectin loss from PMN, and GXM, GalXM,
and MP have similar abilities to activate the complement path-
way that results in production of a C5-dependent serum fac-
tor(s) capable of causing L-selectin loss from PMN.

 

Effects of anti-GXM mAb on GXM-induced L-selectin

loss.

 

To demonstrate that GXM but not some potential con-
taminant(s) was directly inducing L-selectin loss from the sur-
face of PMN, experiments were done with an anti-GXM mAb.
In an initial experiment, we found that, when PMN were
mixed with anti-GXM mAb and GXM for 1 h, there was loss
of L-selectin from the PMN surface. In subsequent experi-
ments, we found that the L-selectin loss could be induced by
anti-GXM mAb (IgG1) alone at 0.5 mg mAb/ml. Recently,
other investigators have reported that stimulation of PMN with
an irrelevant (anti-insulin) mAb resulted in loss of L-selectin
from PMN, and the L-selectin loss was triggered by the mAb
binding to Fc receptors, especially CD16 on the PMN (21). To
avoid anti-GXM mAb-inducing L-selectin loss, which would
interfere with our blocking test, the GXM preparation was in-
cubated with anti-GXM or the isotype-matched mAb for 30
min at 4

 

8

 

C before removing immune complexes and free IgG
with protein G–Sepharose. The efficiency of this procedure
was confirmed with acrylamide gel electrophoresis, showing that
there was no detectable GXM or IgG after treating the GXM
preparation with anti-GXM mAb and protein G–Sepharose.
After treatment with the supernatant from the immunoprecip-
itated GXM, the PMN were assessed for surface L-selectin.
Removal of GXM by pretreatment with anti-GXM mAb elim-
inated the ability of the GXM preparation to induce L-selectin

Figure 1. Flow cytometric analysis of L-selectin expression on human 
PMN after incubation with GXM, GalXM, or MP in HBSS medium 
or in PHS at 378C for 1 h. (y-axis) Relative number of cells; (x-axis) 
log fluorescence intensity. Shaded areas represent anti–L-selectin 
(PE-conjugated anti–Leu-8)–positive cells; unshaded areas represent 
cells labeled with a PE-conjugated IgG2a irrelevant control mAb. 
GXM, GalXM, or MP in 25% PHS was incubated in a 378C water 
bath for 30 min before it was mixed with PMN. Data are from one 
representative experiment. The experiment was repeated two addi-
tional times with similar results.

 

Table II. L-Selectin Expression on Human PMN after 
Incubation with GXM, GalXM or MP in HBSS, PHS or
C5-Deficient serum*

 

Reagent

Mean fluorescence intensity units of the total 
PMN population after incubation with GXM, 

GalXM, or MP suspended in:

HBSS PHS C5-deficient PHS

 

Experiment 1

HBSS 30 31 32

GXM 11 4.5 9

GalXM 28 6 33

MP 31 9 24

Experiment 2

HBSS 34 33 32

GXM 12 4 11

GalXM 33 10 31

MP 33 14 32

*L-Selectin on PMN was determined after PMN (10

 

6

 

) were incubated

with HBSS or with 100 mg of GXM, GalXM, or MP in 0.1 ml HBSS,

PHS, or C5-deficient serum for 1 h. After treatment, the PMN were la-

beled with PE-conjugated anti–L-selectin mAb and subjected to flow cy-

tometric analysis. Mean fluorescence intensity units were calculated as

described in Methods.
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loss from PMN (Fig. 2). In contrast, after treating GXM with
isotype control mAb and protein G–Sepharose, there was still
GXM present but no free IgG as determined by acrylamide gel
electrophoresis, and the preparation retained its ability to in-
duce L-selectin loss from the PMN surfaces (Fig. 2). These re-
sults provide further evidence that GXM can directly induce
down-regulation of L-selectin expression on PMN.

Quantification of sL-selectin levels in supernatants of PMN

stimulated with GXM, GalXM, or MP. Loss of L-selectin from
the surface of PMN after incubation with GXM at 378C for 1 h
could be due to shedding of L-selectin from the surface of
PMN or to internalization of L-selectin by PMN. The main
purpose of the experiment shown in Fig. 3 was to determine
which of these two possibilities was the cause of the observed
reduction in L-selectin from the surface of PMN after subjec-
tion to GXM. With an sL-selectin ELISA kit, the medium
from freshly isolated PMN cultured for 1 h at 378C contained
low but detectable concentrations of sL-selectin (Fig. 3), sug-
gesting that cell surface proteolysis may be part of the normal

turnover of L-selectin. Stimulation of PMN with FMLP or
GXM resulted in an increase in sL-selectin in the supernatants
(Fig. 3). Incubation of PMN with GalXM or MP, which did not
alter the cell surface L-selectin expression, did not cause an in-
crease above control levels in sL-selectin in the supernatants
(Fig. 3). The increase in sL-selectin in the supernatants from
FMLP- or GXM-treated PMN was proportional to the po-
tency of the stimulant to induce loss of L-selectin from the
PMN surface. These data indicate that GXM stimulation of
PMN, like FMLP stimulation, causes L-selectin to shed from
the PMN surface.

Effects of GXM, GalXM, and MP on the surface TNFR

p75-80, CD16, CD15, and CD11b expression. It is well known
that expression of other types of membrane molecules such as
TNFR (22) and CD16 (low affinity FcgR) (21, 23) are regu-
lated by the enzymatic cleavage from the surface of cells, a
mechanism similar to the down-regulation of L-selectin ex-
pression on PMN. To determine whether GXM induced only
L-selectin loss, PMN treated with GXM were assessed for sur-
face expression of TNFR and CD16, two receptors susceptible
to enzymatic cleavage along with CD15, a Lewis X carbohy-
drate antigen, and CD11b that are not controlled by the enzy-
matic cleavage (10, 24). 

There are two types of TNFR found on the surface of
PMN: TNFR p55-60 and TNFR p75-80 (25). In this study, we
only observed effects of GXM on PMN surface expression of
TNFR p75-80 because anti-TNFR p55-60 mAb obtained from
Genzyme did not stain the cells sufficiently for flow cytometric
analysis. With the anti-TNFR p75-80 mAb in an indirect im-

Figure 2. Effects of anti-GXM mAb on GXM-induced L-selectin loss 
from human PMN. GXM was incubated with IgG1 isotype control 
mAb or anti-GXM mAb, and then the immunoprecipitate and IgG 
were removed. L-selectin on the PMN surface was determined after 
treatment of the PMN with the designated reagent. Mean fluores-
cence intensity units were calculated as described in Methods. Data 
are representative of two experiments. *P , 0.01 compared with me-
dium control; ‡P . 0.05 compared with medium control.

Figure 3. Quantification of sL-selectin levels in supernatants of PMN 
(106) after incubation in 0.1 ml of HBSS medium alone, 1026 M 
FMLP, or 100 mg of GXM, GalXM, or MP at 378C for 1 h. sL-Selectin 
was measured in the PMN supernatants with a commercial ELISA. 
Values represent the mean6SEM obtained in quadruplicate determi-
nations for each sample. Data are from one representative experi-
ment of two. *P , 0.01 compared with medium control; ‡P . 0.05 
compared with medium control. 

Figure 4. Effects of FMLP, GXM, GalXM, and MP on surface TNFR 
p75-80 expression on human PMN. PMN (106) were incubated with 
100 mg of GXM, GalXM, or MP in 0.1 ml of HBSS for 30 min, 1 h, or 
2 h at 378C. After treatment, the levels of TNFR p75-80 on the PMN 
were determined by flow cytometric analysis after indirect immuno-
fluorescence staining. Mean fluorescence intensity units were calcu-
lated as described in Methods. Data are representative of three ex-
periments using PMN obtained from three different donors.



694 Z.M. Dong and J.W. Murphy

munofluorescence assay, we found that 60–75% of peripheral
blood PMN from three normal donors expressed TNFR p75-
80 even after culturing the cells in HBSS for 30 min at 378C
(Fig. 4). Furthermore, the percentage of TNFR p75-80–posi-
tive cells was not significantly altered by extending the incuba-
tion time in HBSS to 1 or 2 h (Fig. 4). Both FMLP and GXM
induced a significant loss of TNFR p75-80 from the surface of
PMN (P , 0.05 compared with PMN incubated in HBSS).
Within 30 min of stimulation with FMLP, there were 35%
fewer TNFR-positive cells than in controls that were incubated
in HBSS, and the density of TNFR p75-80 on the total PMN
population was reduced by 25% (Fig. 4, P , 0.05). GXM dis-
played greater activity in inducing TNFR p75-80 loss from the
surface of PMN than did FMLP (Fig. 4). Within 30 min of
stimulation with GXM, there were 50% fewer TNFR p75-80–
positive cells than in the controls, and the density of TNFR
p75-80 on the total PMN population was reduced by 35% (Fig.
4, P , 0.01). The loss of TNFR p75-80 from PMN after incuba-
tion with GXM or FMLP was still evident after 2 h (Fig. 4).
Neither GalXM nor MP induced loss of TNFR p75-80 from
the surface of the PMN. In contrast, within 30 min of incuba-
tion with GalXM but not MP, the density of TNFR p75-80 on
the surface of the total PMN population from all three tested
individuals was higher (25% increase on average) than that on
control PMN (those incubated in HBSS for 30 min) (P , 0.05)

(Fig. 4). This increase appeared to be transient, in that the in-
crease was not seen after a 1- or 2-h incubation (Fig. 4).

As shown in Fig. 5, we found that, after culturing PMN
from three normal donors in HBSS medium at 378C for 1 h,
90% of the cells were CD16 positive. In the same experiments,
both FMLP and GXM induced L-selectin loss from the surface
of the PMN but did not affect CD16 expression.

PMN from three normal donors were 99% positive for
CD15. Within 1 h of stimulation of PMN with FMLP or GXM,
the expression of CD15 (mean fluorescence intensity units)
was above control levels (Fig. 5 and Table III, P , 0.01). After
stimulation with FMLP, the density of CD15 on the total PMN
population increased 60, 24, and 25% in the three different in-
dividuals, respectively. Similarly, after stimulation with GXM,
the density of CD15 on the total PMN population increased
54, 29, and 48% in three individuals. As shown in Table III, in
addition to up-regulation of CD15 expression, GXM also in-
duced an increase in CD11b cell surface expression (P , 0.01).
Neither GalXM nor MP altered CD15 or CD11b expression
on the PMN surface.

Discussion

C. neoformans is the only encapsulated yeast-like organism
that is pathogenic to humans. The capsular components of C.

Figure 5. Fluorescence inten-
sity histograms showing ef-
fects of FMLP, GXM, GalXM, 
and MP on L-selectin, CD16, 
and CD15 expression on human 
PMN. Shaded areas represent 
PMN labeled with anti-L-selec-
tin, anti-CD16, or anti-CD15 
PMN; unshaded areas repre-
sent PMN labeled with the ap-
propriate irrelevant isotype 
control. PMN (106) were incu-
bated with 100 mg of GXM, 
GalXM, or MP in 0.1 ml of 
HBSS for 1 h at 378C, and then 
L-selectin, CD16, or CD15 on 
the PMN was determined. The 
PMN were subjected to flow 
cytometric analysis after direct 
immunofluorescent staining of 
cells with PE-conjugated anti–
Leu-8 (L-selectin), PE-conju-
gated anti-CD16, or FITC-con-
jugated anti-CD15 mAb. Data 
are from one representative 
experiment of three.
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neoformans are produced in great abundance in vivo and can
be found in body fluids of patients with disseminated crypto-
coccosis (3, 15). Similar cryptococcal capsular components can
be recovered from in vitro cultures (14, 15). The culture filtrate
collected from in vitro growth medium of C. neoformans has
been found to contain 88% GXM and 12% GalXM and MP
together (15). It is known that z 90–100% of the patients with
disseminated cryptococcosis have measurable levels of crypto-
coccal polysaccharides, especially GXM, in their serum (26).
Indirect evidence suggests that GalXM and MP are also found
in sera of patients with cryptococcosis (16). In fact, detection
of cryptococcal polysaccharides, especially GXM, in patients’
sera by the latex agglutination assay is diagnostic for crypto-
coccosis. In non-AIDS patients, high or increasing serum titers
of cryptococcal polysaccharide indicate progressive disease,
whereas decreasing titers are accompanied by clinical im-
provement (3). Titers of cryptococcal polysaccharides in both
cerebrospinal fluid and serum from AIDS patients with dis-
seminated cryptococcosis are enormously elevated, frequently
exceeding 1:100,000 (equivalent to z 1 mg cryptococcal polysac-
charide/ml) and going as high as 1:2,000,000 (27). With therapy,
the cryptococcal polysaccharide levels in cerebrospinal fluid
from patients with AIDS generally decrease at a predictable
rate; however, serum cryptococcal polysaccharide levels do not
usually diminish dramatically (27). Cryptococcal polysaccha-
rides have been shown to have several adverse effects on host
defenses against C. neoformans. Cryptococcal polysaccharides
are antiphagocytic (28), and they can induce suppression of
both the humoral and cell-mediated immune (CMI) responses
(29–31). Recently, we have found that an intravenous injection
of cryptococcal polysaccharides into mice inhibits leukocyte

accumulation at the site of a C. neoformans–induced inflam-
matory response (6), that is reminiscent of the limited cellular
influx observed in infected tissues from patients with dissemi-
nated cryptococcosis (3–5). In the study presented here, we
demonstrated yet another effect of cryptococcal polysaccha-
rides, especially GXM, on host cells: GXM can remodel the
surface of the PMN by inducing the loss of functionally impor-
tant surface molecules such as L-selectin and TNFR. This lat-
ter phenomenon attributed to GXM may in fact serve as the
mechanism by which PMN are prevented from accumulating
in C. neoformans–infected tissues. 

PMN are regarded as one of the effective components of
the host’s natural cellular defenses, and PMN can aid in early
clearance of C. neoformans from the host (32, 33). Recently,
Buchanan and Murphy found that PMN were one of the infil-
trating cell types in the anticryptococcal CMI response (17),
suggesting that PMN may participate in CMI-mediated late
elimination of C. neoformans cells from the host. If the PMN
act as effector cells against C. neoformans, irrespective of
whether their action is early or later in the infection, PMN
must first migrate to the site of infection. PMN migration from
the vascular space into areas of inflammation is initiated by at-
tachment of the PMN to specific receptors on the endothelial
cell surfaces. According to a recent model, PMN–endothelial
cell interactions are active processes requiring at least three
steps (7, 8). First, the PMN–endothelial cell interactions are
initiated by the binding of PMN surface molecules such as
L-selectin to the endothelial cell surface counterreceptors.
This initial adhesion is transient and causes rolling of the PMN
along the endothelial cell surface. In the second step, the PMN
are stimulated by specific chemoattractants or cell contact–
mediated signals that trigger activation or up-regulation of a
second set of adhesion molecules such as the b2 integrins and
induce L-selectin shedding to stop rolling. Simultaneously, the
ligands for the b2 integrins are induced on the endothelial cell
surface. Third, engagement of adhesion molecules such as b2
integrins on PMN with their ligands such as ICAM-1 (CD54)
on the endothelial cells will cause the PMN to stick firmly to
the endothelial cells. After the three steps occur, PMN will mi-
grate through the endothelial wall by yet undefined mecha-
nisms. The PMN migration is under the direction of chemoat-
tractants present at the inflammatory sites. The three initial
steps in the migration process occur in sequence, not in paral-
lel, because inhibition of any one of these steps gives essen-
tially complete, rather than partial, inhibition of PMN emigra-
tion (8). A number of investigations have indicated that, if the
initial L-selectin–mediated rolling is blocked, the sequential
events involved in PMN migration into tissues will not occur
and the inflammatory response will be abrogated (10, 11, 13).
Therefore, when cryptococcal polysaccharides, especially GXM,
accumulate in the bloodstream, they will induce L-selectin loss
from PMN before the first step of the PMN–endothelial cell
interactions occurs. Consequently, circulating cryptococcal
polysaccharides can block PMN infiltration into the site of in-
flammation by preventing L-selectin–mediated rolling. 

GXM is considered to be a prominent virulence factor for
C. neoformans (15). MP is the primary component recognized
by the anticryptococcal CMI response in mice (14). The role of
GalXM in pathogenicity is unknown. In our previous studies,
it was found that intravenous injection of GalXM or MP also
inhibited PMN accumulation at the sites of inflammation (6).
In this respect, GalXM and MP are similar to GXM, suggest-

Table III. Effects of FMLP, GXM, GalXM, and MP on CD15 
and CD11b Expression on Human PMN*

Reagent

Mean fluorescence intensity units
of the total PMN population 

after incubation with the 
designated reagent followed by 

immunostaining with:

Anti-CD15 Anti-CD11b

Experiment 1

HBSS 1485 656

FMLP 1843 (24)‡ 949 (45)

GXM 1911 (29) 1203 (83)

GalXM 1433 597

MP 1596 592

Experiment 2

HBSS 1382 750

FMLP 2207 (60) 1120 (49)

GXM 2129 (54) 1405 (87)

GalXM 1334 698

MP 1485 698

*PMN (106) were incubated with FMLP at 1026 M, or with 100 mg of

GXM, GalXM, or MP in 0.1 ml of HBSS for 1 h at 378C. CD15 and

CD11b expression were determined by immunofluorescence staining

with FITC-conjugated anti-CD15, or PE-conjugated anti-CD11b and

subjected the cells to flow cytometric analysis. Mean fluorescence inten-

sity units were calculated as described in Methods. ‡Values in parenthe-

ses indicate percent increase in the density of CD15 or CD11b on PMN

after incubation with the designated reagent compared with incubation

with HBSS medium.
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ing that both GalXM and MP may also modulate PMN func-
tions. The data presented here show that neither GalXM nor
MP can directly induce loss of L-selectin and TNFR from the
surface of PMN. So, in this respect, GalXM and MP contrast
with GXM. It is well established that the surface of C. neofor-

mans is a strong activator of the complement cascade (34), and
both GXM and MP have been previously shown to have such
activity (18). GalXM has not been assessed for its ability to ac-
tivate the complement pathway. Since GalXM, like MP in the
presence of PHS but not in the presence of C5-deficient serum,
stimulates L-selectin loss from PMN, it is likely that GalXM
also activates the complement cascade, resulting in production
of C5a. C5a has been found by other investigators to induce
L-selectin loss from the surface of PMN (20). Therefore, high
levels of C5a in the intravascular space induced by high titers
of cryptococcal polysaccharides (GXM, GalXM, or MP) in se-
rum may contribute to the in vivo loss of L-selectin from the
surface of circulating PMN and consequently to the inhibition
of PMN migration into the infected tissues.

Down-regulation of L-selectin expression is a well-known
phenomenon, and it is thought that down-regulation of L-selectin
expression on PMN is due to accelerated proteolytic cleavage
of L-selectin from the cell surface (9, 12). Adherence alone,
without any other stimuli, also causes release of L-selectin
from the PMN surface (12). This may explain why there are
low but detectable levels of sL-selectin found in supernatants
from 1-h cultures of PMN in HBSS medium. Both FMLP and
GXM seem to accelerate this process, resulting in a greater
amount of L-selectin shedding from the cell surface into the
medium. High concentrations of sL-selectin have been found
to inhibit L-selectin–dependent leukocyte attachment (12), in-
dicating that sL-selectin induced by GXM may also play a role
in GXM-mediated inhibition of PMN accumulation in tissues.

In addition to L-selectin, various other membrane mole-
cules, including CD16 and TNFR, have been shown to be en-
zymatically cleaved from the surface of PMN (22, 23). Al-
though the exact cell surface enzymes involved in the cleavage
processes have not been defined, it has been suggested that
there is no universal enzyme responsible for the cleavage of
the different receptors expressed on a single cell population
(21). The metalloprotease(s) and serine protease(s) have been
found to be involved in the cleavage of CD16 but not in the
cleavage of L-selectin on PMN (21); thus, one would expect
cleavage of CD16 and L-selectin to be two independent modi-
fications of the PMN surface. Consistent with the current con-
cept, our data demonstrate that both FMLP and GXM induce
L-selectin but not CD16 loss from the surface of PMN. Our
findings suggest that both FMLP and GXM are able to acti-
vate an enzyme(s) for cleaving L-selectin through a pathway
that does not affect the activity of the enzyme(s) for cleaving
CD16. Both FMLP and GXM induce parallel loss of L-selectin
and TNFR from the surface of PMN, suggesting that there
may be a common mechanism or enzyme(s) responsible for
cleaving L-selectin and TNFR.

TNF, a potent proinflammatory cytokine, plays a major
role in inflammation and host defense (35). TNF exerts its ef-
fect on PMN, as well as on other inflammatory cells, by bind-
ing to two types of TNFR, the TNFR p55-60 and the TNFR
p75-80 (25, 36). Both the p55-60 and p75-80 TNFR appear to
be regulated by the same mechanisms. For example, adher-
ence or stimulation of PMN with FMLP causes a parallel re-
lease of both TNFR p55-60 and TNFR p75-80 from the PMN

(37). Based on the fact that GXM induces TNFR p75-80 loss
from PMN, we predict that TNFR p55-60 expression on PMN
would be reduced after stimulation with GXM. Direct evi-
dence for this could not be obtained because the anti-TNFR
p55-60 available to us did not bind sufficiently to the PMN for
use in flow cytometry. PMN with reduced TNFR would be ex-
pected to have diminished capabilities to respond to TNF at
the site of an anticryptococcal CMI response. In contrast to
findings with GXM stimulation, PMN after incubation with
GalXM for 30 min appear to have higher numbers of surface
TNFR than after incubation with HBSS medium. This could
be due to GalXM blocking adherence-dependent down-regu-
lation of TNFR expression on PMN or up-regulating TNFR
expression on PMN, or both. Future studies are required to
determine which of these possibilities is correct. 

CD15 (LewisX or fucosyl-N-acetyl-lactosamine), a carbohy-
drate antigen, is present on several PMN glycoproteins, includ-
ing b2 integrins such as CD11b/CD18 and the carcinoembry-
onic antigen–related molecule NCA-160 (CD66c) (38). In this
study, we found that GXM up-regulated CD15 expression on
PMN, suggesting that GXM may also up-regulate CD15-asso-
ciated molecules such as CD11b/CD18 expression. Consistent
with this suggestion, we observed that GXM also up-regulates
CD11b expression on PMN. It is well documented that
CD11b/CD18 is stored in granules in PMN and up-regulation
of CD11b expression is associated with degranulation of
PMN (39, 40). Therefore, up-regulation of CD15 and CD11b
expression on PMN by GXM indicates that the GXM acti-
vates the PMN.

Most chemoattractants such as FMLP and IL-8 induce a
concomitant down-regulation of L-selectin and up-regulation
of CD11b expression on PMN and display both proinflamma-
tory and antiinflammatory effects depending on their distribu-
tion between extravascular and intravascular spaces, respectively
(13, 20, 41, 42). In previous studies, we have demonstrated that
GXM is a chemoattractant both in vitro and in vivo for PMN
(6, 18). For instance, in modified Boyden chemotactic cham-
bers, GXM induces migration of human PMN across the mem-
brane (18). In naive mice, injection of a GXM-enriched prepa-
ration such as CneF (which contains 88% GXM) into gelatin
sponges implanted subcutaneously induces PMN infiltration
into the sponges (6). In these cases, GXM acts as a chemoat-
tractant and displays proinflammatory effects. As mentioned
above, intravenous injection of CneF or GXM into mice inhib-
its PMN infiltration into sites of inflammation. Thus, intravas-
cular GXM displays antiinflammatory effects (6). Therefore,
when one considers that GXM is a chemoattractant and acts as
other chemoattractants when in extravascular or intravascular
spaces, the finding that GXM can induce down-regulation of
L-selectin and up-regulation of CD11b expression on PMN is
not surprising. Our results showing that GXM down-regulates
L-selectin and up-regulates CD11b and CD15 on the surface
of human PMN are similar to findings of other investigators
who have shown that water-soluble membrane proteins from
Helicobacter pylori, Escherichia coli, and Staphylococcus au-

reus induce L-selectin loss and increases in CD11b and CD15
expression on human PMN (43).

It has been reported that loss of L-selectin from the surface
of PMN can be induced either by cellular activators (activation
dependent) or by cross-linking of L-selectin with a chemical
cross-linker or with specific mAbs (activation independent)
(44). Although natural ligands on inflamed endothelial cells



Polysaccharides Induce L-Selectin and TNFR Loss 697

for L-selectin have not been identified (9), the presence of a
lectin-like domain at the amino terminus of L-selectin strongly
suggests that L-selectin may recognize a carbohydrate struc-
ture on the endothelial cell surface. The phosphomannan mono-
ester, a soluble complex polysaccharide from yeast, and fucoi-
din, a homopolymer of sulfated L-fucose, are known to bind to
L-selectin (11, 45). Therefore, it is possible that GXM might
bind to L-selectin, resulting in cross-linking–mediated L-selec-
tin loss. However, at present, we do not know whether GXM-
induced L-selectin shedding from PMN is via an activation-
dependent mechanism or an activation-independent mechanism,
or both. Our ongoing studies are addressing these questions. 

In summary, we have shown that GXM, a high–molecular
weight polysaccharide produced in abundance by pathogenic
isolates of C. neoformans, acts similarly to typical chemoat-
tractants such as FMLP and IL-8. GXM is chemotactic for hu-
man and mouse neutrophils (6, 18), it induces L-selectin shed-
ding and the loss of TNFR from the PMN surface, and it
stimulates the up-regulation of surface CD11b and CD15 on
PMN. High concentrations of cryptococcal polysaccharides in
serum of patients with cryptococcosis may exert these effects
on peripheral blood PMN. The remodeling of the PMN sur-
face through inducing loss of such functionally important
molecules as L-selectin and TNFR may be responsible in part
for cryptococcal polysaccharide–mediated antiinflammatory
effects observed in patients with disseminated cryptococcosis. 
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