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The Cryptococcus neoformans capsular glucuronoxylomannan (GXM) is a potential vaccine antigen that
can elicit protective and non-protective antibodies. In an attempt to focus the immune response on a single
antigenic component, a heptasaccharide oligosaccharide representing the major structural motif (M2) of
the most common clinical isolate was synthesized and conjugated to human serum albumin (HSA). Mon-
oclonal antibodies (mAbs) generated from mice immunized with M2-HSA produced the characteristic
punctuate immunofluorescence associated with non-protective mAbs. None of the mAbs elicited by M2
immunization was opsonic. Passive administration of mAbs elicited by M2-HSA was not protective and
there was no difference in the survival of mice immunized with M2-HSA and HSA. Hence, we conclude
that the M2 motif represents an antigenic determinant in C. neoformans GXM that elicits non-protective
responses and is not a suitable vaccine candidate. Furthermore, the results illustrate the first molecular
assignment of a C. neoformans polysaccharide epitope and suggest a general strategy for the identification

Keywords:

Antibody

Cryptococcus neoformans
Immune response
Vaccine

of GXM epitopes.
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1. Introduction

Cryptococcus neoformans is a yeast-like fungus that is a major
cause of meningoencephalitis individuals with impaired immu-
nity, such as patients with AIDS [1]. Cryptococcosis is almost
always fatal without therapy, yet the available therapies remain
unsatisfactory, since current treatment requires prolonged admin-
istration of antifungal drugs and even with treatment there is
high mortality and morbidity [1]. Other populations at risk include
organ transplant recipients, individuals receiving immunosuppres-
sive therapy, and occasional children with hyper-IgM syndrome.
Studies in rats have raised the possibility that the spectrum of C.
neoformans-related disease may extent to the immunologically nor-
mal population where the primary infection is often asymptomatic
and lifelong [2]. Rats infected with C. neoformans are asymptomatic
but manifestimmune dysregulation in the lungs that translates into
hyper-reactive airways, leading to the suggestion that cryptococcal
infection may be a contributing factor to the pathogenesis of asthma
[2]. Given the problem of cryptococcosis in immunosuppressed
populations and the possibility that this infection is a co-factor
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in pulmonary disease of normal individuals there is considerable
interest in development of an effective vaccine [3].

Studies in laboratory animals show that it is possible to pro-
tect against experimental C. neoformans infection with vaccines
that elicit antibody or cell-mediated immunity [3-8]. Given that
this fungus is encased in a polysaccharide capsule that is a major
virulence determinant, that polysaccharide epitopes can be found
in fungal spores [9], that the capsular polysaccharide can elicit
protective antibodies [10], there is considerable effort to gener-
ate a suitable vaccine that targets the capsule. The C. neoformans
capsular polysaccharide is composed of two major components,
glucuronoxylomannan (GXM) and galactoxylomannan (GalXM).
GXM is a large molecular weight polymer that comprises most of
the mass of the capsule [11]. All polysaccharide vaccine-related
work for C. neoformans to date has focused on GXM and a con-
jugate vaccine composed of GXM linked to tetanus toxoid was
shown to elicit a protective antibody response in mice and humans
[12,13]. However, a prior vaccine composed of total polysaccha-
ride conjugated to protein was immunogenic but not protective
[14,15]. GXM is structurally complex [16], and studies using mon-
oclonal antibodies (mAbs) generated from mice vaccinated with
GXM-containing vaccines have shown that this molecule can elicit
protective, non-protective and even disease-enhancing antibod-
ies [17,18]. Furthermore, the capsular polysaccharide has potent
immunosuppressive properties raising concern as to its suitability
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as a vaccine component [19-21]. Consequently, interest in vaccines
that elicit antibodies to GXM has evolved to focus on the suitabil-
ity of peptide mimotopes of GXM and oligosaccharide representing
discrete domains of polysaccharide structure [22-25]. An alterna-
tive approach is to synthesize oligosaccharides representing the
major structural motifs of GXM to focus the response on a few epi-
topes. The recent report that oligosaccharide-based vaccines can
protect against C. albicans infection provides encouragement for the
development of this strategy against cryptococcosis [26].

The basic structural unit of GXM is a tri-mannose repeat with
a glucuronic acid residue in the first mannose [11]. This structure
is further modified in individual strains by the addition of xylose
substitutions on the mannan backbone. Cherniak et al. defined
six triads known as M1-M2 that are found in various proportions
in GXM from the various serotypes [27]. M2 is the most com-
mon triad in serotype A GXM [27]. Given that serotype A strains
are the most common clinical isolates and that serotype A GXM
can elicit protective antibodies, a heptasaccharide oligosaccharide
representing the M2 structural motif was chemically synthesized,
conjugated to human serum albumin (HSA) and used to immunize
mice. A preliminary study revealed that the M2-HSA motif was
immunogenic but, surprisingly, elicited antibodies that produced
a punctuate immunofluorescence pattern on the C. neoformans
capsule reminiscent of that associated with non-protective mAbs
[28]. To investigate the functional efficacy of antibodies elicited
by M2-HSA we generated mAb and challenged immunized mice
with C. neoformans infection. The results indicate that M2 elicits a
non-protective antibody response.

2. Materials and methods
2.1. C. neoformans and glucuronoxylomannan

Strain 24067 (serotype D) was obtained from the American Type
Tissue Collection (Rockville, MD). GXM was produced from cul-
ture supernatants with minor modifications of standard protocols.
Strain 24067 was used in allimmunofluorescence, phagocytosis and
challenge experiments. Strain H99 (serotype A) was obtained from
Dr. John Perfect (Duke University, NC). Strain NIH 3939 (serotype
B) was obtained from Dr. Kwong Chung. Strain NYS 1343 (serotype
C) was obtained from Dr. T.G. Mitchell (Duke University, NC). These
strains were grown in Sabouraud media (Difco Laboratories, Detroit,
MI) at 30°C in a rotary shaker at 150 rpm.

2.2. Mice and immunization

Female BALB/c mice (6-8 weeks old) obtained from the National
Cancer Institute (Bethesda, MD) were immunized intraperitoneally
(i.p.) with 10 g of an oligosaccharide representing motif 2 con-
jugated to human serum albumin (M2-HSA) in complete Freund’s
adjuvant (Sigma, St. Louis, MO). The synthesis of this oligosaccha-
ride has been previously reported and it described as compound 17
in that publication [28]. Mice were bled and serum tested at 2-week
intervals and boosted as required with 10 ug M2-HSA conjugate in
incomplete Freund’s adjuvant.

2.3. ELISA

Serum Ab titers and mAb binding to GXM were tested by ELISA
using methods previously described [29]. Briefly, 1 jug/ml of GXM
in phosphate buffered saline (PBS) was used to coat polystyrene
microtiter plates. The plate was then blocked with 1% bovine serum
albumin in PBS. Primary antibody binding from mAb or serum
was detected using alkaline-phosphatase labeled goat anti-mouse
antibody reagents (Southern Biotechnology, Birminham, AL). Plates
were developed with P-nitrophenol phosphatase substrate (Sigma,

St. Louis, MO). All incubations were carried at 37°C for 1.0h.
Absorbances were measured in a microtiter plate reader at 405 nm
(Labsystems Multiskan).

2.4. Generation of monoclonal antibodies

Antibody-producing hybridomas were generated by fusing
splenocytes from M2-HSA immunized mice to NSO myeloma cells,
at a ratio of 4:1 as described [30]. Hybridoma supernatants were
screened by ELISA as described above for production of mAbs to
GXM. Clones that tested positive were selected and stabilized by
cloning twice in soft agar. ELISA was used to determine the isotypes
of the murine mAbs by using isotype-specific reagents.

2.5. Survival studies

BALB/c mice (6-8 weeks old) were immunized intraperitoneally
with 10 g of oligosaccharide representing motif 2 conjugated to
human serum albumin (M2-HSA) in complete Freund’s adjuvant
(Sigma, St. Louis, MO) (described in [28]). After three doses at
intervals of 2 weeks, mice were infected intravenously (i.v.) with
6 x 10° C. neoformans strain 24067 cells. For passive protection
experiments 6-8 weeks old BALB/c mice were given 0.5 mg mAb
intraperitoneally 30 min prior infection with a 100 .l suspension
of 1 x 108 C. neoformans cells in PBS injected intravenously into the
tail vein. Mice were monitored daily for mortality.

2.6. Vy and V| sequences

Total RNA was isolated from hybridomas cells using Trizol
reagent (Gibco BRL, Gaithersburg, MD). cDNA was generated using
reverse transcriptase and an oligonucleotide primer. DNA contain-
ing the Vy and the V| region was amplified using the primers
5'Vhuni, TGAGGTGCAGCTGGAGGAGTC; 5'Vkuni, GACATTCTGAT-
GACCCAGTCT; 3’'MsCgamma, AGACCTATGGGGCTGTTGTTTTGGC;
3'MsCkappa, TGGATACAGTTGGTGCAGCATCAGC; 3'MsCmu, AGA-
CATTTGGGAAGGACTGACTCTC. The amplified DNA was sequenced
at the Sequencing facility of the Cancer Center at the Albert Einstein
College of Medicine.

2.7. Immunofluorescence

A suspension of C. neoformans cells in PBS was incubated with
10 pg/ml of mAb or immune sera diluted 1/100 in PBS at 37°C
for 30 min. The cells were then washed three times with blocking
solution (1% PBS, 0.05% horse serum in PBS) and incubated with
10 pg/ml fluorescein-labeled goat anti-mouse isotype-specific Ab
(Southern Biotechnology, Birmingham, AL) at 37 °C for 30 min. After
three washes with blocking solution the cells were suspended in
mounting medium (0.1 M n-propyl gallate), placed on a slide and
viewed with an AX70 microscope (Olympus, Melville, NY).

2.8. Phagocytosis assay

]774.16 cells were incubated in DMEM supplemented with 10%
heat inactivated fetal calf serum (FCS), 10% NCTC-109 medium
(life technologies), and 1% none essential amino acids (Cellgro,
Washington, DC). Cells were plated at a density of 10° in 96-well
culture plate and stimulated with 50U/ml murine IFN-Gamma
(Genzyme, Cambridge, MA) and 1 pg/ml of LPS (Sigma-Aldrich).
Briefly, macrophages were incubated overnight at 37 °C in medium
containing IFN-Gamma and LPS. After overnight incubation, the
medium was replaced with fresh medium and C. neoformans cells
were added at ratio of 5:1 macrophage to fungi. Then, the cells were
incubated for 2.0 h at 37°C, washed three times with sterile PBS,
fixed with cold methanol and stained with 1/20 dilution of Giemsa
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Fig. 1. Structure of motif 2 conjugated to human serum albumin (M2-HSA) compound used in murine immunization studies. (A) The M2-HSA structure written in the format
as described by Cherniak et al. [27]. (B) Chemical structure of the M2-HSA compound previously described by Oscarson et al. [28]. M2 motif is shown in blue and applies to

both panels.

stain. Phagocytosis was analyzed in presence or absence of mAbs
and respective controls. The phagocytic index was determined by
PI=P x F, where Pis the percentage of phagocytic macrophages and
F is the average of yeast cells per macrophage. Experiments were
done in triplicate and four different fields were counted per well.

2.9. Statistical analysis

Survival data was done with the Student’s t-test and by log rank
analysis (Sigmastat, Chicago, IL).

3. Results

The synthesis of M2-HAS (Fig. 1) was described in an earlier
publication [28]. In this study, we describe the isolation and charac-
terizations of GXM-binding mAbs from M2-HAS immunized mice
and ascertained the ability of this conjugate to protect immunized
mice against C. neoformans challenge.

3.1. MAbs and V region analysis

Five GXM-binding mAbs were recovered from the spleen of a
mouse immunized with M2-HSA (Table 1). Four mAbs were IgM
and one was IgA. All mAbs had kappa light chains. The molecular
structure of four of the IgM mAbs was inferred from sequencing
Vy and Vi mRNA (Table 1). The four sequenced mAbs all had a Vy
comprised of V37183 and Jy4 but each used a different light chain
variable region. None of the mAbs reacted with an anti-idiotypic

Table 1
Isotype and molecular characteristics of GXM-binding hybridomas.

mAb that recognizes Class II mAbs such as mAb 12A1 (data not
shown).

3.2. Reactivity of mAbs with C. neoformans serotype D

The M2 motif was initially chosen for synthesis because it is
commonly found in serotype A strains which are the most common
clinical isolates. All five mAbs reacted with GXM from strain 24067
(serotype D) by ELISA although their apparent affinity was lower
than the IgM mAbs 12A1 and 13F1 recovered previously [31] from
a mouse immunized with a GXM-tetanus toxoid vaccine (Fig. 2).
Immunofluorescence of all five mAbs with C. neoformans serotype
D strain revealed a punctuate pattern that was very similar to that
observed with mAb 13F1 (Fig. 3). Moreover, mAbs were tested for
binding with strains H99 (serotype A), NIH 3939 (serotype B) and
NYS 1343 (serotype C), but no immunofluorescence reactivity was
detected with any of these strains (data not shown).

3.3. Active and passive immunization studies

Mice immunized with the M2-HSA conjugate in complete Fre-
und'’s adjuvant were challenged with a lethal dose of C. neoformans
intravenously and compared with mice given mock immunization
with PBS or HSA in complete Freund’s adjuvant (Fig. 4B). Mice
that received either M2-HSA or HSA alone survived longer than
mice given PBS alone but this most likely reflects non-specific
immune activation by the complete Freund’s adjuvant. However,
mice immunized with M2-HSA manifested a reduction in average

Hybridoma Isotype Heavy chain Light chain Genbank accession numbers

Vi Iu Vi 1 Vi Vi
1H1 IgA V7183 Ju4 V21 Jk2 EU817851 EU817852
5H8 IgM Vu7183 Jnd IgVi rf Jk2 EU817845 EU817846
3F10 IgM Vi7183 Jn4 IgVk 19-15 Jx2 EU817847 EU817848
1D6 IgM Vu7183 Tnd IgVk Tx4 EU817849 EU817850
1E3 IgM ND? ND ND ND NAP

2 ND means not done.
b NA means not applicable.
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Fig. 2. Binding of mAbs generated from mice immunized with M2-HSA to GXM as
measured by ELISA. Serotype D GXM (1 pg/ml) is absorbed onto polystyrene plates
and specific antibody binding to GXM is detected with alkaline-phosphatase con-
jugated goat anti-mouse IgM or IgA (GAM-IgM/A-AP). Plates were developed with
P-nitrophenol phosphatase substrate. All incubations were carried at 37°C for 1h.
Inset shows ELISA configuration.

survival at day 200 relative to mice receiving HSA alone, suggesting
that the antibody response to the oligosaccharide-protein con-
jugate was detrimental. In a separate experiment, the protective
efficacy of the five mAbs was evaluated in the same model of i.v.
lethal infection. None of the mAbs prolonged survival and several
were associated with significantly shorter survival (Fig. 4). None of
the mAbs was opsonic for C. neoformans in vitro using J774.16 cells
(data not shown).

4. Discussion

Immunization of mice with a heptasaccharide oligosaccha-
ride representing the major structural motif M2 conjugated to
HSA elicited antibodies that produced a punctuate immunoflu-
orescence pattern that is associated with non-protective mAbs
[28]. This observation and the fact that the M2 heptasaccharide
bound best to non-protective mAbs suggested that this polysaccha-
ride structure represented an epitope that elicited non-protective
antibodies. However, to establish conclusively that the M2 motif
elicited non-protective antibodies it was necessary to challenge
mice immunized with M2-HSA conjugate with C. neoformans. Since
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Fig. 3. Indirect immunofluorescence analysis of C. neoformans ATCC 24067. Yeast
cells were incubated with mAbs 13F1 IgM (panel A), mAb 5H8 IgM (panel B) and 1H1
IgA (panel C) and immune serum (panel D). Cells were then incubated with 10 g/ml
of fluorescein isothiocynate (FITC)-labeled goat anti-mouse IgG and suspended in
mounting media (0.1 M n-propyl gallate in PBS). Slides were viewed with an Olympus

IX 70 microscope equipped with standard FTTC filters. MAbs 3F10 IgM and 1D6 IgM
results in the same binding pattern as mAb 5H8 (not shown). Magnification 250x.

a negative result with polyclonal sera would not be conclusive,
we also made mAbs and evaluated them for serological proper-
ties, molecular structure and protective efficacy. Furthermore, this
approach provided the opportunity to study the molecular genet-
ics of the immune response to a defined GXM epitope since the V
region usage of the elicited mAbs could be compared to the large
database of mAbs to GXM [32-34].

From a mouse immunized with the M2-HSA conjugate, we
recovered four IgM and one IgA mAbs. Although these mAbs were
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Fig. 4. Survival studies of BALB/c mice lethally infected with C. neoformans ATCC 24067. (Panel A) MAbs 1H1 (IgA), 5H8 (IgM), 3F10 (IgM), 1D6 (IgM), and 1E3 (IgM) were
each administered 30 min prior to infection with 10° yeast cells. By intraperitoneal injection. NSO ascites generated from the nonproducing hybridoma partner, was used as
a control. (Panel B) Survival of mice immunized with M2-HSA (10 pg/ml), HSA (10 pg/ml), or PBS and then challenged with C. neoformans. Mice were immunized three times
prior to infection with 6 x 105 yeast cells. In panels A and B, mice were infected with C. neoformans intravenously.
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not protective prior work has shown that IgM and IgA can protect
against systemic infection in mice [17,18]. Despite the fact that the
M2 oligosaccharide reacted with mAb 13F1 [28], which had been
previously generated from GXM-tetanus toxoid immunized mouse
[31], the serological properties of these mAbs were unlike those
mAbs described for other mAbs to GXM [31,34-39]. This antibody
set reacted only with the serotype D strain in a punctuate pattern.
Molecular analysis of four mAbs revealed that all used a Vy com-
posed of V7183 and Jy4. Hence, these mAbs use a gene element
of the same family as the Class Il mAbs that bind GXM [40]. How-
ever, unlike Class II mAbs that use exclusively a V| composed of
VK5.1, these mAbs each used a different light chain gene element.
Despite the sequence similarities to Class Il mAb, none of the mAbs
expressed the Class II idiotype, consistent with a different anti-
gen binding structure. Consequently, we assign these mAbs to a
new molecular class than previously described mAbs [40,41]. The
molecular basis for the punctuate immunofluorescent specificity
also appears to be different from other Class Il mAbs. For the mAb
13F1 which also gives a punctuate pattern with serotype D strains
this binding has been associated with Y33 and S57 [42]. However,
for this antibody set the residues at positions 33 and 57 were glycine
and threonine, respectively.

Despite the presumed high prevalence of the M2 motif in the
GXM of many cryptococcal strains we observed reactivity only with
strain 24067 (serotype D). Since the M2 motif is small and com-
prises a linear heptasaccharide, the absence of reactivity in the
other strains could be explained by the different conformation of
this motif in the native capsular GXM of those strains. Alterna-
tively, this epitope may not be accessible in native capsular GXM. In
this regard, it is now apparent that GXM has a propensity for self-
aggregation [43] and the formation of complex structures and it is
conceivable that the M2 motif is blocked and/or exists in a different
conformation not recognizable by mAbs in the native capsule. In
this regard, it is noteworthy that the serotype D GXM is the least
substituted of the four serotypes [11], which may allow a more open
or flexible structure for mAbs to find the M2 linear epitope. Since
the mAbs reacted only with strain 24067, and this strain has been
used extensively in prior protection studies, we tested the M2-HSA
vaccine and mAbs in a mouse model of infection using this strain.
We observed no protection against C. neoformans infection in mice
immunized with M2-HSA as measured by survival time. Immuniza-
tion with M2-HSA was associated with increased survival relative
to the saline control but this likely a result of stimulation of non-
specific immunity by adjuvant, given that vaccination with killed
bacteria has been shown to have some protective effect against
challenge with C. neoformans [44,45]. In fact, there was a suggestion
that the antibodies elicited by M2 were disease enhancing given
that immunized mice lived less time than controls. Similarly, pas-
sive administration of mAbs generated by M2-HSA immunization
was not protective. Since neither active nor passive immunization
was protective, we conclude that M2 represents a non-protective
epitope that is an unsuitable vaccine candidate.

M2 by virtue of its relatively small size must represent a lin-
ear type of epitope in GXM. All protective mAbs to C. neoformans
lose binding to GXM when the polysaccharide is de-O-acetylated.
A comparative analysis of protective mAb binding to wild type and
de-O-acetylated mutants of C. neoformans has led to the conclu-
sion that many, if not all, bind to conformational epitopes that are
unlikely to be represented in the M2 structure.

In summary, we provide the first molecular description of a GXM
epitope and show that a synthetic heptasaccharide motif of GXM
is immunogenic when conjugated to protein carrier. Unfortunately,
despite the enormous effort involved in the chemical synthesis of
M2-HSA, this compound did not elicit protective antibodies, yet
was used to generate an unusual set of mAb reagents that may
be useful in the future studies of GXM structure. The approach

of making a synthetic oligosaccharide vaccine that elicits a pro-
tective immune response remains to be proven for C. neoformans
despite the recent success of an oligosaccharide vaccine in protect-
ing against candidiasis in mice [26]. However, there is a suggestion
in the literature that protective epitopes in GXM are conformational
and if that were the case, a synthetic vaccine would need to use
larger oligosaccharide chains.

Acknowledgements

AC is supported by NIH awards 1AI033774, HL059842, Al033142
and AI052733.

References

[1] Perfect JR, Casadevall A, Cryptococcosis. Infect Dis Clin North Am 2002;16(4
(December)), 837-vi.

[2] Goldman DL, Davis ], Bommartio F, Shao X, Casadevall A. Enhanced allergic
inflammation and airway responsiveness in rats with chronic Cryptococcus neo-
formans infection suggests a potential role for fungal pulmonary infection in the
pathogenesis of asthma. ] Infect Dis 2006;193:1178-86.

[3] Casadevall A, Pirofski LA. Feasibility and prospects for a vaccine to prevent
cryptococcosis. Med Mycol 2005;43(8 (December)):667-80.

[4] Datta K, Pirofski LA. Towards a vaccine for Cryptococcus neoformans: principles
and caveats. FEMS Yeast Res 2006;6(4 (June)):525-36.

[5] Lam JS, Mansour MK, Specht CA, Levitz SM. A model vaccine exploiting fungal
mannosylation to increase antigen immunogenicity. ] Immunol 2005;175(11
(December)):7496-503.

[6] Pietrella D, Corbucci C, Perito S, Bistoni G, Vecchiarelli A. Mannoproteins from
Cryptococcus neoformans promote dendritic cell maturation and activation.
Infect Immun 2005;73(2 (February)):820-7.

[7] Mansour MK, Yauch LE, Rottman ]B, Levitz SM. Protective efficacy of anti-
genic fractions in mouse models of cryptococcosis. Infect Immun 2004;72(3
(March)):1746-54.

[8] Cutler JE, Deepe Jr GS, Klein BS. Advances in combating fungal diseases: vaccines
on the threshold. Nat Rev Microbiol 2007;5(1 (January)):13-28.

[9] Botts MR, Giles SS, Gates MA, Kozel TR, Hull CM. Isolation and characterization
of Cryptococcus neoformans spores reveals a critical role for capsule biosynthesis
genes in spore biogenesis. Eukaryot Cell 2009;(January):595-605.

[10] Dromer F, Charreire ], Contrepois A, Carbon C, Yeni P. Protection of mice
against experimental cryptococcosis by anti-Cryptococcus neoformans mono-
clonal antibody. Infect Immun 1987;55:749-52.

[11] Cherniak R, Sundstrom JB. Polysaccharide antigens of the capsule of Cryptococ-
cus neoformans. Infect Immun 1994;62:1507-12.

[12] Devi SJ, Schneerson R, Egan W, Ulrich TJ, Bryla D, Robbins JB, et al. Cryp-
tococcus neoformans serotype A glucuronoxylomannan-protein conjugate
vaccines: synthesis, characterization, and immunogenicity. Infect Immun
1991;59:3700-7.

[13] Devi S]N. Preclinical efficacy of a glucuronoxylomannan-tetanus toxoid con-
jugate vaccine of Cryptococcus neoformans in a murine model. Vaccine
1996;14:841-2.

[14] Goren MB. Experimental murine cryptococcosis: effect of hyperimmunization
to capsular polysaccharide. ] Immunol 1967;98:914-22.

[15] Goren MB, Middlebrook GM. Protein conjugates of polysaccharide from Cryp-
tococcus neoformans. ] Immunol 1967;98:901-13.

[16] McFadden DC, Casadevall A. Unexpected diversity in the fine specificity of mon-
oclonal antibodies that use the same V region gene to glucuronoxylomannan
of Cryptococcus neoformans. ] Immunol 2004;172(6 (March)):3670-7.

[17] Mukherjee ], Nussbaum G, Scharff MD, Casadevall A. Protective and non-
protective monoclonal antibodies to Cryptococcus neoformans originating from
one B-cell. ] Exp Med 1995;181:405-9.

[18] Mukherjee ], Scharff MD, Casadevall A. Protective murine monoclonal antibod-
ies to Cryptococcus neoformans. Infect Immun 1992;60:4534-41.

[19] Vecchiarelli A.Immunoregulation by capsular components of Cryptococcus neo-
formans. Med Mycol 2000;38(6 (December)):407-17.

[20] Yauch LE, Lam JS, Levitz SM. Direct inhibition of T-cell responses by the Crypto-
coccus capsular polysaccharide glucuronoxylomannan. PLoS Pathog 2006;2(11
(November)):e120.

[21] Vecchiarelli A. Fungal capsular polysaccharide and T-cell suppression: the hid-
den nature of poor immunogenicity. Crit Rev Immunol 2007;27(6):547-57.

[22] Fleuridor R, Lees A, Pirofski L. A cryptococcal capsular polysaccharide mimo-
tope prolongs the survival of mice with Cryptococcus neoformans infection. J
Immunol 2001;166 (January):1087-96.

[23] Pirofski L. Polysaccharides, mimotopes and vaccines for fungal and encapsu-
lated pathogens. Trends Microbiol 2001;9(9 (September)):445-51.

[24] Beenhouwer DO, May R], Valadon P, Scharff MD. High affinity mimotope of the
polysaccharide capsule of Cryptococcus neoformans identified from an evolu-
tionary phage peptide library. ] Immunol 2003;169:6992-9.

[25] Valadon P, Nussbaum G, Boyd LF, Margulies DH, Scharff MD. Peptide libraries
define the fine specificity of anti-polysaccharide antibodies to Cryptococcus
neoformans. ] Mol Biol 1996;261:11-22.



3518 A. Nakouzi et al. / Vaccine 27 (2009) 3513-3518

[26] XinH, Dziadek S, Bundle DR, Cutler JE. Synthetic glycopeptide vaccines combin-
ing {beta}-mannan and peptide epitopes induce protection against candidiasis.
Proc Natl Acad Sci USA 2008;105(36 (September)):13526-31.

[27] Cherniak R, Valafar H, Morris LC, Valafar F. Cryptococcus neoformans chemo-
typing by quantitative analysis of TH NMR spectra of glucuronoxylomannans
using a computer simulated artificial neural network. Clin Diagn Lab Immunol
1998;5:146-59.

[28] Oscarson S, Alpe M, Svahnberg P, Nakouzi A, Casadevall A. Synthesis and
immunological studies of glycoconjugates of Cryptococcus neoformans cap-
sular glucuronoxylomannan oligosaccharide structures. Vaccine 2005;23(30
(June)):3961-72.

[29] Casadevall A, Mukherjee ], Scharff MD. Monoclonal antibody ELISAs for cryp-
tococcal polysaccharide. ] Immunol Methods 1992;154:27-35.

[30] de St. Groth SF, Scheidegger D. Production of monoclonal antibodies: strategy
and tactics. ] Immunol Methods 1980;35:1-21.

[31] Casadevall A, Mukherjee ], Devi SJN, Schneerson R, Robbins JB, Scharff MD. Anti-
bodies elicited by a Cryptococcus neoformans glucuronoxylomannan-tetanus
toxoid conjugate vaccine have the same specificity as those elicited in infection.
J Infect Dis 1992;65:1086-93.

[32] Casadevall A, Scharff MD. The mouse antibody response to infection with Cryp-
tococcus neoformans: Vy and Vi usage in polysaccharide binding antibodies. ]
Exp Med 1991;174:151-60.

[33] Mukherjee ], Casadevall A, Scharff MD. Molecular characterization
of the antibody responses to Cryptococcus neoformans infection and
glucuronoxylomannan-tetanus toxoid conjugate immunization. ] Exp
Med 1993;177:1105-6.

[34] Nussbaum G, Anandasabapathy S, Mukherjee ], Fan M, Casadevall A,
Scharff MD. Molecular and idiotypic analysis of the antibody response
to Cryptococcus neoformans glucuronoxylomannan-protein conjugate vac-
cine in autoimmune and non-autoimmune mice. Infect Immun 1999;67:
4469-77.

[35] Sanford JE, Lupan DM, Schlagetter AM, Kozel TR. Passive immunization against
Cryptococcus neoformans with an isotype-switch family of monoclonal anti-

bodies reactive with cryptococcal polysaccharide. Infect Immun 1990;58:
1919-23.

[36] MacGill TC, MacGill RS, Casadevall A, Kozel TR. Biological correlates
of capsular (quellung) reactions of Cryptococcus neoformans. ] Immunol
2000;164(May):4835-42.

[37] Dromer F, Salamero ], Contrepois A, Carbon C, Yeni P. Production, char-
acterization, and antibody specificity of a mouse monoclonal antibody
reactive with Cryptococcus neoformans capsular polysaccharide. Infect Immun
1987;55:742-8.

[38] Pirofski L, Lui R, DeShaw M, Kressel AB, Zhong Z. Analysis of human monoclonal
antibodies elicited by vaccination with a Cryptococcus neoformans glucuronoxy-
lomannan capsular polysaccharide vaccine. Infect Immun 1995;63:3005-14.

[39] MaittaRW, DattaK, ChangQ, Luo RX, Witover B, Subramaniam K, et al. Protective
and non-protective human IgM monoclonal antibodies to Cryptococcus neo-
formans glucuronoxylomannan manifest different specificity and gene usage.
Infect Immun 2004;22:4062-8.

[40] Casadevall A, DeShaw M, Fan M, Dromer F, Kozel TR, Pirofski L. Molecular and
idiotypic analysis of antibodies to Cryptococcus neoformans glucuronoxyloman-
nan. Infect Immun 1994;62:3864-72.

[41] Otteson EW, Welch WH, Kozel TR. Protein-polysaccharide interactions. A
monoclonal antibody specific for the capsular polysaccharide of Cryptococcus
neoformans. ] Biol Chem 1994;269:1858-64.

[42] NakouziA,Valadon P,Nosanchuk]D, Green NS, Casadevall A. Molecular basis for
immunoglobulin M specificity to epitopes in Cryptococcus neoformans that elicit
protective and non-protective antibodies. Infect Immun 2001;69:3398-409.

[43] Frases S, Nimrichter L, Viana NB, Nakouzi A, Casadevall A. Cryptococcus
neoformans capsular polysaccharide and exopolysaccharide fractions man-
ifest physical, chemical, and antigenic differences. Eukaryot Cell 2008;7(2
(February)):319-27.

[44] Louria DB, Kaminski T, Finkel G. Further studies on immunity in experimental
cryptococcosis. ] Exp Med 1963;117:509-20.

[45] Gentry LO, Remington JS. Resistance against Cryptococcus conferred by intra-
cellular bacteria and protozoa. ] Infect Dis 1971;123:22-31.



	The common Cryptococcus neoformans glucuronoxylomannan M2 motif elicits non-protective antibodies
	Introduction
	Materials and methods
	C. neoformans and glucuronoxylomannan
	Mice and immunization
	ELISA
	Generation of monoclonal antibodies
	Survival studies
	VH and VL sequences
	Immunofluorescence
	Phagocytosis assay
	Statistical analysis

	Results
	MAbs and V region analysis
	Reactivity of mAbs with C. neoformans serotype D
	Active and passive immunization studies

	Discussion
	Acknowledgements
	References


