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Cryptococcal meningoencephalitis (CME) is
caused by the encapsulated,fungus Cryptococcus
neoformans (CN) and is a major cause of mortal-
ity and morbidity in patients with AIDS. The po-
lysaccharide capsule ofCN is importantfor viru-
lence, and solublepolysaccharide has thepotential
to cause immune modulation. To better understand
the interactions ofcentral nervous system cells and
cryptococcal capsular polysaccharide (CNPS) in
the pathogenesis of human CME, postmortem
brain tissuefrom 21 patients with CME (13 AIDS
and 8 non-AIDS patients) was analyzed. Histopa-
thology and distribution of tissue CNPS antigen
were analyzed using monoclonal antibodies
against CNPS in combination with cel type-specific
markers (glialfibrillary acidic protein for astro-
cytes; Ricinus communis agglutinin (RCA)-) for
macrophage/microglia and endothelial cells;
UCHL-1 for T cells; L26for B cells). The CN cells
showed discrete capsular immunoreactivity as ex-
pecte4, however, diffuse and particulate cellular
and tissue stainingfor CNPS was detected in the
brain parenchyma and the meninges in aUl cases.
By quantitative analysis, the CNPS immunoreactive
area rangedfrom 0.1 to 88f0 of tissue cross sec-
tional area, and tended to be higher in brains of
AIDS (median values from two sections ranged
from I to 57/09 mean, 26%) than in non-AIDS (0.1 to
40%, mean, 9.6%) patients. theproportion ofCNPS
immunoreactive area was positively correlated
with the estimated number of CN. None (0/13) of
the AIDS patients displayed signyficant inflamma-

tory responses to CN, whereas most (7/8) non-
AIDS patients showed granulomatous inflamma-
tory responses. The phenotype of infiltrating
lymphocytes was UCHL-1+/L26 /RCA-, thus con-
sistent with activated T cells, both in AIDS and
non-AIDS patients. Double immunolabeling studies
revealed that tissue CNPS immunoreactivity was
most often localized in macrophages and micro-
glia, lessfrequently in reactive astrocytes and en-
dothelial ceUls, but not in lymphocytes. This study
demonstrates that CNPS can be detected not only in
the serum and cerebrospinal fluid (CSF) of pa-
tients, but also in the affected tissue, most often
localized in cells of mononuclear phagocyte sys-
tem. Potential implications ofthesefindingsfor the
pathogenesis ofCMEare discussed. (AmJPathol
1996 14&1267-1274)

Cryptococcus neoformans is a frequent cause of life-
threatening meningoencephalitis in immunocompro-
mised patients.1' 2 In recent years there has been a
marked increase in the frequency of cryptococcal
infections as a result of the AIDS epidemic, since
cryptococcosis occurs in 6 to 8% of patients with HIV
infection.3 C. neoformans is neurotropic, and most
cases of cryptococcal disease are accompanied by
central nervous system involvement. Meningeal in-
volvement is often accompanied by parenchymal
involvement as a result of spread of infection through
Virchow-Robin spaces.2'45
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Table 1. Summary of Case Information

Patient
no. Age/Sex

1 34/M
2 28/M
3 26/M

411 28/F
5 44/M

6 40/F

7 33/M

8 30/M
9 22/M

10 28/M
1 1 36/M
12 57/M
13 47/M
14 42/M

15 60/F

16 50/F
17 93/F

18 13/F

19 51/F
20 73/M

21 67/F

Underlying
illness

AIDS
AIDS
AIDS

AIDS
AIDS

AIDS

AIDS

AIDS
AIDS

AIDS
AIDS
AIDS
AIDS
Heroin
nephropathy

Rheumatic heart
disease

None
Cancer of

kidney
Renal

transplantation
None
Emphysema

None

Other CNS pathology

Toxoplasmosis, HIVE§
HIVE
Escherichea coli

meningitis
HIVE, schizencephaly
Basal ganglia infarct,

old
White matter infarcts,

acute
Cytomegalovirus

ventriculitis
HIVE
Toxoplasmosis,

treated
None
None
Lymphoma, HIVE
HIVE
Cortical infarcts

None

Thalamic infarct
Alzheimer's disease

Uremic
encephalopathy

None
Subdural hematoma,

old
None

Fungal
number*

Few
Few

Few
++

Inflammatory responset

Macrophage
Macrophage
Macrophage

Microglial nodule
Macrophage

++ Macrophage >> Lymphocyte

+ Macrophage

++/++± Macrophage >> Lymphocyte
++ Macrophage >> Lymphocyte

Macrophage/Lymphocyte
Macrophage/Lymphocyte
Macrophage/Lymphocyte
Macrophage/Lymphocyte
Granuloma

+++++
+++
+I+ +
+
+I+ +

+ Lymphocyte > Macrophage

+/+++ Lymphocyte > Macrophage
+ Granuloma

+ Neutrophil > Macrophage >
Lymphocyte

+ Necrotizing granuloma
Few Lymphocyte > Macrophage

+++ Necrotizing granuloma

CNPS
Immunoreactivityt

<1%
1%
28 to 86%

15 to 88%
1 to 4%

33 to 45%

5 to 32%

41 to 59%
18 to 27%

31 to 56%
26 to 48%
2 to 7%
4 to 19%
0 to 9%

5 to 13%

3 to 87%
<0.1%
1 to 4%

2 to 11%
<1%

5 to 13%

*For quantification of fungal numbers, see Materials and Methods.
tFor details of degrees and types of inflammatory response, see Results.
1% CNPS+ area was measured as described in Materials and Methods.
§HIV encephalitis (HIVE) was diagnosed on the basis of published criteria,32 including the presence of microglial nodules with

multinucleated giant cells on hematoxylin and eosin stain.
"Subject of a separate report.33

C. neoformans is unusual among fungal pathogens
in that it has a polysaccharide capsule which is impor-
tant for virulence. The capsule inhibits phagocytosis6
and impairs antigen presentation.7e Polysaccharide
antigen is released during infection and can be de-
tected in body fluids such as cerebrospinal fluid and
serum.1,2 The detection of capsular polysaccharide by
latex agglutination or enzyme-linked immunosorbent
assay (ELISA) is a useful diagnostic test for cryptococ-
cosis. C. neoformans polysaccharide (CNPS) is a po-
tential immunomodulator which has been reported to
inhibit leukocyte migration,9 elicit suppressor respons-
es,10 produce antibody unresponsiveness,7 and en-
hance HIV infection of T cells in vitro.11

Despite the importance of CNPS detection in clin-
ical practice and the protean effects of polysaccha-
ride on immune function relatively little is known
about the distribution, localization and ultimate fate
of this antigen in human infection. Rising CNPS CSF
levels have been associated with poor prognosis in
human cryptococcal infection.1 However, the mea-

surement of CNPS antigen levels as an indicator of
response to therapy is limited by the fact that CSF
often remains antigen-positive despite negative cul-
tures and clinical improvement.12 This phenomenon
suggests the possibility of tissue reservoirs of CNPS.
In recent years, several murine monoclonal antibod-
ies (MAbs) have been generated which have been
shown to be useful for studying the tissue distribution
of CNPS in animal models of cryptococcal infec-
tion.13'14 In this study, immunohistochemical tech-
niques employing MAbs were used to define the
tissue and cellular localization of CNPS in the brains
of patients with cryptococcal meningoencephalitis.

Materials and Methods

Case Selection
Cases were retrieved from the Neuropathology au-
topsy file at the Albert Einstein College of Medicine
by a search of the SNOMED diagnostic code.
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Among 27 consecutive cases from 1966 to 1994,
paraffin blocks were available for immunocytochem-
ical studies in 21 cases, and these cases were the
subject of analysis in this study. For all cases, de-
scription of gross and microscopic brain pathology
as well as general autopsy findings were available
for review. A brief summary of pathology in these
patients is presented in Table 1.

Analysis of Microscopic Pathology
Hematoxylin and eosin (H&E)-stained standard sec-
tions from cerebral cortex (x2), basal ganglia, thal-
amus, midbrain, pons, medulla, cerebellum, and spi-
nal cord were evaluated. Sections from grossly
abnormal areas, in addition to standard sections,
were also analyzed. After reviewing H&E sections,
the sections (at least two different regions of the
brain) most heavily infiltrated by C. neoformans were
analyzed by histochemistry for fungi, i.e., periodic
acid-Schiff stain (PAS), mucicarmine and modified
methenamine silver stain. The number of C. neofor-
mans in each case was assigned an arbitrary score
of one to five. This was based on a subjective anal-
ysis considering both the number of organisms and
the size of the fungal lesions (cryptococcomas). If
there are regional differences, a range of score is
given. In cases where the fungal organisms were too
few to be recognized on H&E, the descriptive eval-
uation "few" was given. Coexisting pathology (toxo-
plasmosis, cytomegalovirus, lymphoma, HIV-en-
cephalitis) was determined by combined H&E and
immunocytochemistry.

Immunocytochemistly
Paraffin sections were stained with a battery of anti-
bodies: glial fibrillary acidic protein (GFAP; rabbit
immunoglobulin (1g)G, Bio Genex Laboratory, San
Ramon, CA) for astrocytes, RCA-1 for microglia/mac-
rophages, and HIV-1 gp41 (Genetics System), as
described.15 Sections were also investigated with
MAbs to L-26 (DAKO, Carpinteria, CA), UCHL-1
(CD45RO; DAKO) and leukocyte common antigen
(LCA; DAKO) as markers of B lymphocytes, T lym-
phocytes, and leukocytes, respectively, using perox-
idase-conjugated isotype-specific secondary anti-
body methods as described below.

Anti-CNPS Immunocytochemistry
Monoclonal antibody (MAb) 3E5 is a murine IgG3
that binds to C. neoformans capsular polysaccharide
of all four serotypes.16'17 Control cases including

normals, HIV encephalitis, toxoplasmosis, lym-
phoma, Alzheimer disease, and infarcts, all without
cryptococcal meningoencephalitis (CME), showed
no immunoreactivity for CNPS. Briefly, 6 ,um paraffin
sections were deparaffinized with xylene and a se-
ries of graded alcohol solutions and washed with
phosphate-buffered saline (PBS). After 30 minutes
incubation in 0.3% hydrogen peroxide solution, the
sections were covered with 10% normal goat serum
in PBS for 1 hour at room temperature (RT) to block
the nonspecific antibody binding. Primary antibody
3E5 was applied at 1:1000 dilution in 10% normal
goat serum in PBS and incubated at 40C, overnight.
After washing with PBS twice, sections were incu-
bated with peroxidase-conjugated goat anti-mouse
IgG3 (Southern Biotechnology, Birmingham, AL) at
1:250 dilution in PBS for 2 hours at RT. Color was
developed with diaminobenzidine (DAB). After final
wash in PBS, some sections were briefly counter-
stained with Meyer's hematoxylin.

Double Immunocytochemistry
For dual immunocytochemistry for CNPS and cell-
type specific markers, sections were first immuno-
stained for CNPS using DAB as chromogen as out-
lined above, and then sequentially reacted with
another antibody (GFAP, RCA-1 or others) using iso-
type-specific secondary antibodies that are conju-
gated with f3-galactosidase (Southern Biotechnol-
ogy) at 1:250 dilution in PBS. Color was developed
with X-gal as described.15

Morphometry for CNPS
Immunocytochemistry
The sections of brain immunostained for cryptococ-
cal CNPS revealed grossly identifiable zones of
brown staining (Figure 1), which enabled us to mea-
sure the percentage of positively stained area in
each section. At least two sections were examined
from each brain. The glass slides immunostained for
CNPS were projected using a slide projector, then
positively and negatively stained brain areas were
traced on a piece of paper. The traced areas were
cut out and weighed on a balance. % CNPS+ areas
= 100 x [weight of CNPS+ area/weight of CNPS+
and CNPS- areas]. The results are expressed as
ranges of values from two different sections that
showed highest values. The median values were
used to calculate the average % CNPS+ area in
AIDS and non-AIDS patients.
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Figure 1. Tissue CNPS antigen immunocytochemistry in cryptococcal meningoencephalitis. All except E and F arefrom AIDS patients. A: A whole
mount of midbrain section immunioreacted for CNPS showing tissue deposition of cryptococcal antigen along the substantia nigra bilaterally, and
multiple perivascularfoci in the tegmentuim (x 1.5). B: In contrast to A, midbrainfrom anotherpatient shous minimal tissue immunoreactivity for
CNPS, primarily along the large penetrating vessels (arrows) (X 1.5). C: Low power view of diffuse perivascular tissue CNPS deposits (x 82). D:
Examples ofpuinctate tissue CNPS deposits that appear to be associated with cells but cell types not identifiable (X300). E: High power view of
grantulomatous meningitis with macrophages, multinucleated giant cells, lymphocytes, andplasma cells. CNPS immunoreactivity is associated with
a multinucleated giant cell in the center, anid many intracellular C. neoformans, uwhich show distinct capsular staining (X 210). F: An example of
subpial tissue antigen deposits in a non-AIDSpatient with active granulomatous meningitis. Parenchymal CNPS immunoreactivity is localized to the
subpial andperivascularglial tissuie ( X 85). G: In an AIDSpatient, CNPS immunoreactivity was detected in discrete process-bearing cells in subpial
regions, despite the limitedpresence ofC. neoformans within meninges only (x 230). H: CNPS deposits within macrophages and activated microglia
in a necrotizing abscess. Note largefoamyphagocytes with intensegranularstaining and thefaint background staining ofthe necrotic tissue(X260).
1: CNPS immunoreactivity is associated with parenchymal multinucleated giant cells in a patient with CNS lymphoma. Perivascular Iymphoma cells
remain unstained(X270). J: DoublelabelingforRCA-1(X-gal, green) and CNPS(DAB, brown) ofaparenchymalcryptococcalaccumulationshows
gross colocalization of the two. The central brown mass represents a collection of CN (x 64). Inset: Higber magnificationi (x 400). K: Double
immunolabeling for GFAP (X-gal, green) and CNPS (DAB, brown) shows some CNPS-containing astrocytes (arrows) (X240). L: Microvascular
pattern of CNPS immunoreactivity in disseminated cryptococcosis representing antigenemia. Patient 4: Capillary staining for CNPS antigen plus
additionial punctate parenchymal staining are present in the section ofpons (x 260).

Results

Specificity of CNPS Immunoreactivity
Microscopic localization of CNPS immunoreactivity
varied from discrete capsular staining of the fungi to
diffuse and scattered parenchymal cell staining (Fig-
ure 1), which sometimes resembled nonspecific tis-
sue binding. Specificity of tissue immunoreactivity
was demonstrated by the following: 1) Brains of non-
CME patients (normals and other disease controls)
were tested for CNPS immunoreactivity, and none
showed staining. 2) Anti-CNPS MAbs of several dif-
ferent isotypes including IgGl, IgG3, IgM, and
IgA1617 were tested on CME tissues and all revealed
identical staining patterns (not shown). 3) Immuno-
labeling was performed with an MAb (IgG3) and an

isotype-specific labeled secondary, which gave min-

imal nonspecific binding. Slides reacted with labeled
secondary antibody alone did not reveal staining.
Thus, positive immunostaining of parenchymal cells
and tissues for CNPS represents true tissue localiza-
tion of cryptococcal polysaccharide, likely resulting

from dissociation of capsular polysaccharide from
yeast forms (see below).

CNPS Immunoreactivity in the CNS
Two extreme examples of CNPS immunostaining in
the midbrain in cryptococcal meningoencephalitis
are shown in Figure 1, A and B. Grossly visible
immunoreactivity resulted from staining of crypto-
coccal masses as well as diffuse and particulate
staining of surrounding parenchymal tissues. As ex-
pected, grossly visible CNPS+ parenchymal foci
were often perivascular and followed large penetrat-
ing vessels (notable in Figure 1, A and B). By mor-
phometry, the percent brain area stained for CNPS
varied from negligible (<0.1%) to 87%, and was
positively correlated with the number of organisms in
tissue for AIDS (P < 0.05), but not for non-AIDS
patients (P > 0.05, Student's t-test) (see Table 1).
The mean (+ SEM) % CNPS+ area in AIDS patients
tended to be higher than in non-AIDS patients (26 ±
5.8% versus 9.6 ± 5.2%: see Table 1), but the dif-

A

.A
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ferences were not statistically significant (P > 0.05,
Student's t-test).

Inflammatory Response to CME
The inflammatory response in AIDS patients con-
sisted of some macrophages with few lymphocytes.
Granulomas were not present in tissue samples from
AIDS patients with CME (see Table 1). In contrast,
most (6/7) non-AIDS patients in this series showed
lymphocyte-rich inflammation with multinucleated gi-
ant cells consistent with a granulomatous inflamma-
tion. Some showed necrotizing granulomas as well
as neutrophils and plasma cells. The only exception
was patient 18, who had immunosuppressive ther-
apy after renal transplantation. This patient showed
predominant neutrophil and macrophage infiltration
with few lymphocytes. All had mucicarmine+ yeast
forms (C. neoformans) and none had acid-fast bacilli-
positive organisms. The immunophenotype of lym-
phocytes was leukocyte common antigen, UCHL-1 +,
L26-, and Ricinus communis agglutinin-1-, thus ac-
tivated T cells, both in AIDS and non-AIDS patients.
L26+ lymphocytes (B cells) were none too few, with
an exception of CNS lymphoma in which tumor lym-
phocytes were L26+.

Microscopic Patterns of CNPS
Immunoreactivity
Several different types of CNPS immunoreactivity
were noted. 1) Diffuse tissue immunoreactivity sur-
rounding cryptococcal infiltration was suggestive of
both intracellular and extracellular polysaccharide
accumulation. This pattern was common in cases
where fungal accumulation was present without a
significant inflammatory response; thus was the most
common pattern in AIDS patients who had active
CME at the time of death. Microscopically, multiple
foci of scattered or coalescent tissue staining were
present, centered around the vessels and/or collec-
tions of cryptococci (cryptococcomas) (Figure 1C).
The staining had variable combinations of diffuse,
reticular, and punctate quality (Figure 1, C and D),
and did not localize to readily recognizable cell
types by double immunolabeling. Cryptococci within
cryptococcomas (so-called "soap bubble" lesions)
often showed diffuse weak CNPS immunoreactivity
rather than distinct capsular staining (not shown). 2)
A discrete meningeal and/or superficial perivascular
pattern was seen in CME in non-AIDS patients who
had active cellular inflammatory responses to cryp-
tococcosis, or in AIDS patients with minimal crypto-

coccal activity. Grossly, CNPS immunoreactivity was
limited to the meninges or the subventricular regions,
and the parenchymal immunoreactivity was limited
to the perivascular spaces of large penetrating ves-
sels (Virchow-Robin spaces; eg, Figure 1B). Micro-
scopically, CNPS immunoreactivity in the meninges
and Virchow-Robin spaces was primarily associated
with macrophages and multinucleated giant cells
(Figure 1 E). Lymphocytes and plasma cells re-
mained unstained (Figure 1 E). Meningeal macro-
phage staining was due to diffuse or punctate cyto-
plasmic staining, and staining of polysaccharide
capsules of intracellular fungi (Figure 1E). In AIDS
patients who had been treated, and had clinically
silent CME (eg, patients 1 and 2), only rare fungi
were found in the meninges, but CNPS immunore-
activity was always more widely detected. The CNPS
was found in the meninges and the subpial and
perivascular regions of the brain, often in discrete
cells (Figure 1, F and G). The subpial CNPS immu-
noreactive cells were process-bearing and resem-
bled either astrocytes (Figure 1F) or microglia (Fig-
ure 1G); however, double labeling often failed to
show cell identity, most probably because of low
level expression of RCA-1 or GFAP in these cells
(see Discussion). 3) Discrete parenchymal cell stain-
ing was seen that was associated with perikarya of
reactive cells, most often in RCA-1 + macrophages/
microglia, or in GFAP+ gemistocytic astrocytes.
When cryptococcal lesions were adjacent to or as-
sociated with destructive parenchymal lesions such
as necrotizing abscesses, infarcts or lymphoma,
CNPS immunoreactivity was clearly present in cells
of mononuclear phagocytes including macro-
phages, activated microglia, and multinucleated gi-
ant cells (Figure 1, H and 1). Double labeling showed
gross colocalization of parenchymal CNPS immuno-
reactivity more often with RCA-1 (Figure iJ), than
with GFAP (Figure 1 K). On rare occasions, cells
morphologically compatible with neurons and oligo-
dendroglia showed CNPS immunoreactivity (not
shown) much less frequently than macrophage/mi-
croglia or astrocytes. 4) In cases where there was
disseminated systemic cryptococcosis, the brain
vessels (especially capillaries) stained positive for
CNPS antigen consistent with serum antigenemia
(Figure 1L).

Discussion
Detection of CNPS antigen in the serum and the
cerebrospinal fluid is useful in making the diagnosis
of cryptococcal infection, but little has been pub-



1272 Lee et al
AJP April 1996, Vol. 148, No. 4

lished on the distribution and tissue localization of
the polysaccharide antigen. In 1962 Marshall et al.18
analyzed 100 cases of cryptococcosis using fluores-
cent antibody technique and reported that polysac-
charide was "liberated into the tissues surrounding a
focus of infection," but provided no information on
anatomical or cellular localization.18 In the 1960s,
Hirano and co-workers19"21 published a series of
papers in which cryptococcal polysaccharide was
implanted in the brains of rats and the fate of poly-
saccharide was examined by electron microscopy.
The authors noted that polysaccharide moved con-
siderable distances in the white matter along the
extracellular space, and eventually localized to cells,
including macrophages, astrocytes, and oligoden-
droglia. Bennett and Hasenclever22 reported that
instillation of polysaccharide into rabbit CSF resulted
in rapid appearance in serum where it persisted. In
another study, mice injected intravenously with
CNPS were noted to have CNPS in liver and spleen
months after the antigen was cleared from the
blood.23 In experimental cryptococcosis in mice and
rats, tissue CNPS deposits are detected in systemic
organs. 13'14 In the lung, several patterns of CNPS
immunoreactivity emerged including diffuse tissue
distribution and discrete cell-associated staining,14
not dissimilar to those found in human CME. It is
notable that in the rat pulmonary cryptococcosis
model, diffuse, widespread tissue antigen deposit
was associated with early stages of infection in
which large numbers of extracellular fungi persisted
without notable cellular immune response.14 Swift
relocalization of cryptococcal antigen to macro-
phages and epithelioid histiocytes followed granu-
loma formation.14 These preceding studies provide
circumstantial evidence that in cryptococcal infec-
tion, polysaccharide antigen would be in brain away
from the fungal organisms.
MAb 3E5 reacted with CNPS in human brain. This

indicates that CNPS produced in vivo is antigenically
similar to CNPS produced in vitro and in experimental
animal infection. In human CME, discrete macro-
phage localization of CNPS was present in patients
who mounted lymphocyte-rich cellular response with
granuloma formation. It is remarkable that in all AIDS
patients there was no significant tissue inflammatory
response. Variable numbers of macrophages were
mixed with few or no lymphocytes, often in discor-
dant locations. Variable degree of T cell infiltration is
known to occur in the central nervous system of AIDS
patients with and without opportunistic infections
and with and without HIV encephalitis,24 further com-
plicating the interpretation. The predominant CNPS
immunoreactive pattern in AIDS patients was diffuse,

large tissue antigen deposits concentrated around
the perivascular or parenchymal cryptococcal mass.
In AIDS patients with treated, clinically silent CME,
tissue CNPS deposit was limited to discrete cells
within the meninges and subpial parenchymal cells.
One can infer from these cases that diffuse and
widespread tissue antigen is associated with rapidly
proliferating fungal organisms, probably as a result
of an ineffective inflammatory response. With chemo-
therapy and clearing of fungi from the brain, tissue
polysaccharide antigen appears to be redistributed
to meningeal macrophages and CNS glial cells. In-
tracellular CNPS may persist and serve as a tissue
reservoir even after the organisms are cleared from
the CNS. The identification of brain tissue antigen
reservoirs provides an explanation for the clinical
observation that CSF antigen titers may not correlate
with clinical improvement, such that antigen titers
may remain persistently elevated despite sterile cul-
tures and clinical improvement.12

Cellular localization of CNPS in brain paren-
chyma with double-immunolabeling with cell type-
specific markers for microglia (RCA-1) or astro-
cytes (GFAP) often failed to reveal cell identity.
Nevertheless, the pattern of CNPS immunoreactiv-
ity often suggested localization within process-
bearing cells. Since the expression of lectins and
GFAP in glial cells is regulated and linked to cell
activation,25 27 the findings suggest that soluble
polysaccharide does not directly activate glia. The
fact that CNPS immunoreactivity was found in ar-
eas not suspected to have pathology (normal-ap-
pearing on routine histochemistry) suggests that
CNPS does not elicit inflammation or mediate
gross toxic effects on CNS cells. Brain and men-
ingeal phagocytes, on the other hand, showed
distinct staining for polysaccharide. It is reason-
able to postulate that cellular uptake of CNPS is
facilitated by activation of mononuclear phagocytes
and upregulation of surface Fc or complement re-
ceptors. The occurrence of CNPS-immunoreactive
macrophages/activated microglia associated with
other CNS processes is compatible with such a hy-
pothesis.

It is noted that in CME, CNPS often localizes to
certain regions of the brain, such as basal ganglia
and midbrain. A number of features are shared by
these anatomic regions, including the presence of
large penetrating vessels, the presence of dopam-
inergic fibers (striatonigral pathway), and frequent
localization of HIV antigen.28 C. neoformans uses
L-dopa as a substrate for melanin-like pigment pro-
duction in vitro,29 and melanin-like pigment protects
C. neoformans from harmful effects of reactive oxy-
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gen and nitrogen intermediates.30'31 Distribution of
CNPS in regions that are known to localize HIV gp4l
antigen raises the possibility of synergism between
HIV and C. neoformans. The enhancement of HIV
infection in cultured lymphocytes by soluble crypto-
coccal polysaccharide further strengthens the pos-
sibi ity.

The current study is a correlative systematic in-
vestigation of the distribution and cellular localization
of cryptococcal polysaccharide in the central ner-
vous system tissues in a series of patients with CME.
The results support the view that in CME, capsular
polysaccharide dissociates from the fungal organ-
isms resulting in the formation of tissue deposits. The
results also imply that brain cells have mechanisms
for uptake and clearing of soluble cryptococcal poly-
saccharide. The finding of tissue cryptococcal anti-
gen is important, given that polysaccharide is a ma-
jor virulence factor for C. neoformans, and a
modulator of immune functions in vivo and in vitro.
The modulating effects of cryptococcal polysaccha-
ride on nervous system cells have not yet been in-
vestigated. However, given the multitude of biologi-
cal activities, CNPS is likely to affect the interactions
between the CN and the nervous system/immune
effector cells, thus contributing to the pathogenesis
of CME. The finding of CNPS in brain tissue in CME
supports the notion that cryptococcal meningitis is
not a process limited to the CSF space, but rather
involves the brain parenchymal cells as well.

Acknowledgments
The authors thank Dr. Meng-Liang Zhao and Dr. Wei
Liu for excellent immunocytochemistry and Jorge
Bermudas for excellent histochemistry.

References

1. Zuger A, Louie E, Holzman RS, Simberkoff MS, Rahal
JJ: Cryptococcal disease in patients with the acquired
immunodeficiency syndrome: diagnostic features and
outcome of treatment. Ann Intern Med 1986, 104:234-
240

2. Diamond RD: Cryptococcosis neoformans. Practice and
Principles of Infectious Diseases. Edited by GL Man-
dell, RG Douglas Jr, JE Bennett. New York, Churchill
Livingstone, 1990, pp 1980-1989

3. Currie BP, Casadevall A: Estimation of the prevalence
of cryptococcal infection among HIV infected individu-
als in New York City. Clin Infect Dis 1994, 19:1029-
1033

4. Artigas J, Grosse G, Niedobitek F: Neuropathology of
AIDS. The Central Nervous System in AIDS. Edited by

J Artigas, G Grosse, F Niedobitek. Berlin, Springer-
Verlag, 1993

5. Anders KH, Guerra WF, Tomiyasu U, Verity MA, Vinters
HV: The neuropathology of AIDS: UCLA experience
and review. Am J Pathol 1986, 124:537-558

6. Kozel TR, Gotschlich E: The capsule of Cryptococcus
neoformans passively inhibits phagocytosis of the yeast
by macrophages. J Immunol 1982, 129:1675-1680

7. Henderson DK, Bennett JE, Huber JE: Long-lasting,
specific immunological unresponsiveness associated
with cryptococcal meningitis. J Clin Invest 1982, 69:
1185-1190

8. Kozel TR, Gulley WF, Cazin J: Immune response to
Cryptococcus neoformans soluble polysaccharide: im-
munological unresponsiveness. Infect Immun 1977, 18:
701-707

9. Diamond RD, Erickson NF: Chemotaxis of human neu-
trophils and monocytes induced by Cryptococcus neo-
formans. Infect Immun 1982, 38:380-382

10. Miller GP, Puck J: In vitro human lymphocyte responses
to Cryptococcus neoformans. Evidence for primary and
secondary responses in normals and infected sub-
jects. J Immunol 1984, 133:166-172

11. Pettoello-Mantovani M, Casadevall A, Kollmann TR,
Rubinstein A, Goldstein H: Enhancement of HIV-1 in-
fection by the capsular polysaccharide of Cryptococ-
cus neoformans. Lancet 1992, 339:21-23

12. Powderly WG, Cloud GA, Dismukes WE, Saag MS:
Measurement of cryptococcal antigen in serum and
cerebrospinal fluid: value in the management of AIDS-
associated cryptococcal meningitis. Clin Infect Dis
1994, 18:789-792

13. Mukherjee S, Lee SC, Mukherjee J, Scharff MD, Cas-
adevall A: Antibody to Cryptococcus neoformans mod-
ifies the course of intravenous infection in mice. Infect
Immun 1994, 62:1079-1088

14. Goldman D, Lee SC, Casadevall A: Pathogenesis of
pulmonary cryptococcosis in the rat. Infect Immun
1994, 62:4755-4761

15. Kure K, Lyman WD, Weidenheim KM, Dickson DW:
Cellular localization of an HIV-1 antigen in subacute
AIDS encephalitis using an improved double-labeling
immunohistochemical method. Am J Pathol 1990, 136:
1085-1092

16. Casadevall A, Scharff MD: The mouse antibody re-
sponse to infection with Cryptococcus neoformans: VH
and VL usage in polysaccharide binding antibodies.
J Exp Med 1991, 174:151-160

17. Mukherjee J, Casadevall A, Scharff MD: Molecular
characterization of the antibody responses to Crypto-
coccus neoformans infection and glucuronoxyloman-
nan-tetanus toxoid conjugate immunization. J Exp Med
1993, 177:1105-1106

18. Marshall JP, Iverson L, Everland WC, Kase A: Applica-
tion and limitation of the fluorescent antibody stain in
the specific diagnosis of cryptococcosis. Lab Invest
1962, 10:719-728

19. Hirano A, Zimmerman HM, Levine S: Fine structure of



1274 Lee et al
AJP April 1996, Vol. 148, No. 4

cerebral fluid accumulation VII. Reactions of astrocytes
to cryptococcal polysaccharide implantation. J Neuro-
pathol Exp Neurol 1965, 24:386-396

20. Hirano A, Zimmerman HM, Levine S: Fine structure of
cerebral fluid accumulation. VI. Intracellular accumula-
tion of fluid and cryptococcal polysaccharide in oligo-
dendroglia. Arch Neurol 1965, 12:189

21. Hirano A, Zimmerman HM, Levine S: Fine structure of
cerebral fluid accumulation. V. Transfer of fluid from
extracellular to intracellular compartments in acute
phase of cryptococcal polysaccharide lesions. Arch
Neurol 1964, 11:632-641

22. Bennett JE, Hasenclever HF: Cryptococcus neoformans
polysaccharide: studies of serologic properties and
role in infection. J Immunol 1965, 94:916-920

23. Muchmore HG, Scott EN, Felton FG: Cryptococcal
capsular polysaccharide clearance in nonimmune
mice. Mycopathologica 1982, 78:41-45

24. Weidenheim K, Epshteyn I, Lyman WD: Immunocyto-
chemical identification of T-cells in HIV-1 encephalitis:
implications for pathogenesis of CNS disease. Mod
Pathol 1993, 6:167-174

25. Maddox DE, Shibata S, Goldstein IJ: Stimulated mac-
rophages express a new glycoprotein receptor reac-
tive with Griffonia simplicifolia I-B4 isolectin. Proc NatI
Acad Sci USA 1982, 79:166-170

26. Colton CA, Abel C, Patchett J, Keri J, Yao J: Lectin
staining of cultured CNS microglia. J Histochem Cyto-
chem 1992, 40:505-512

27. Liu W, Shafit-Zagardo B, Aquino DA, Zhao M-L, Dick-
son DW, Brosnan CF, Lee SC: Cytoskeletal alterations
in human fetal astrocytes induced by IL-1,1. J Neuro-
chem 1994, 63:1625-1634

28. Kure K, Weidenheim KM, Lyman WD, Dickson DW:
Morphology and distribution of HIV-1 -positive microglia
in subacute AIDS encephalitis: pattern of involvement
resembling a multisystem degeneration. Acta Neuro-
pathol 1990, 80:393-400

29. Kwon-Chung KJ, Rhodes JC: Encapsulation and mel-
anin formation as indicators of virulence in Cryptococ-
cus neoformans. Infect Immun 1986, 51:218

30. Kwon-Chung KJ, Polacheck I, Popkin TJ: Melanin-
lacking mutants of Cryptococcus neoformans and
their virulence for mice. J Bacteriol 1982, 150:1414-
1421

31. Wang Y, Casadevall A: Susceptibility of melanized and
nonmelanized Cryptococcus neoformans to nitrogen-
and oxygen-derived oxidants. Infect Immun 1994, 62:
3004-3007

32. Budka H, Wiley CA, Kleihues P, Artigas J, Asbury AK,
Cho E-S, Cornblath DR, Dal Canto MC, DeGirolami U,
Dickson D, Epstein LG, Esiri MM, Giangaspero F, Gosz-
tonyi G, Gray F, Griffin JW, Henin D, Iwasaki Y, Janssen
RS, Johnson RT, Lantos PL, Lyman WD, McArthur JC,
Nagashima K, Peress N, Petito CK, Price RW, Rhodes
RH, Rosenblum M, Said G, Scaravilli F, Sharer LR,
Vinters HV: HIV-associated disease of the nervous
system: review of nomenclature and proposal for neu-
ropathology-based terminology. Brain Pathol 1991,
1:143-1 52

33. Edelman M, Birkenhauer MC, Steinberg JJ, Dickson
DW, Casadevall A, Lee SC: Microglial nodule
encephalitis: limited CNS infection despite dissemi-
nated systemic cryptococcosis. Clin Neuropathol 1995
(In press)


