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Cryptococcus neoformans galactoxylomannan is a 
potent negative immunomodulator, inspiring new 
approaches in anti-inflammatory immunotherapy

Cryptococcus neoformans is an opportunistic 
fungal pathogen with worldwide distribution 
that can cause life-threatening disease, primar-
ily in immunocompromised hosts [1] including 
patients with advanced HIV infection [2], renal 
transplant recipients [3] and those undergo-
ing immunosuppressive therapy [4]. C. neofor-
mans is often found in soil contaminated with 
pigeon droppings [5]. The virulence factors of 
C. neoformans include the presence of a poly-
saccharide capsule and melanin production, 
as well as protease, phospholipase and urease 
activity [6–8]. The capsule is considered to be 
the major virulence factor and aspects related 
to its structure, synthesis and, particularly, its 
role as a virulence factor have been extensively 
described in a recent review [9]. Capsule synthesis 
depends on many factors, including the concen-
tration of CO

2
 and HCO

3
- [10], availability of 

iron [11,12], mammalian serum, diluted nutrients 
and mannitol [13–15]. In particular, high levels 
of CO

2
 and iron chelators [12] favor capsule pro-

duction [10]. The capsule contains two major 
polysaccharides, glucuronoxylomannan (GXM) 
and galactoxylomannan (GalXM). GXM and 
GalXM constitute around 90–95% and 5–8 % 
of the total polysaccharide mass, respectively. 
Recent work has shown that the name GalXM is 
a misnomer since the polysaccharide is actually a 

glucuronoxylomannogalactan [16]. However, we 
will continue to refer to it as GalXM to maintain 
the continuity of the scientific literature. In addi-In addi-
tion, a small proportion of mannoproteins (MPs) 
has been identified in the capsule (<1%). Traces 
of sialic acid have also been described, but the 
role of this acid in the capsule is unknown [17].

These polysaccharides are constitutively 
released by the cell into the surrounding 
medium environment and they can be isolated 
as exopolysaccharides by specific purification 
protocols [9]. Although historically the shed 
polysaccharide was thought to originate from 
the capsule, there is now considerable evidence 
that this material is different from the polysac-
charide used in capsule construction [18], and 
that its release is a consequence of an active 
process. Capsular polysaccharides have a com-
plex structure that has not yet been completely 
characterized. There is evidence that the capsule 
structure is highly variable, depending not only 
on the strain but also on the environment [9]. 
Moreover, changes in capsule structure have 
been documented during the course of infec-
tion [19] and during treatments with antibod-
ies directed against cell wall components [20]. 
Regarding the variability of C. neoformans, it is 
now apparent that in certain patients the fun-
gal population is heterogeneous, consisting of 
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various combinations of strains with different 
mating types, serotypes, ploidies and geno-
types. In one study, the presence of multiple 
varieties of C. neoformans (both serotypes A 
and D), genetically unrelated isolates of the 
same variety, and AD hybrid strains was docu-
mented in the same patient [9,21]. The possibil-
ity of mixed and/or evolving infections during 
cryptococcosis should therefore be considered 
when therapeutic strategies against this patho-
gen are developed. 

C. neoformans strains have been classi-
fied into five different serotypes, A, B, C, D 
and AD, according to the reactivity of their 
capsule with different rabbit polyclonal sera. 
These classified serotypes include C. neofor-
mans var. grubii (serotype A), C. neoformans 
var. gattii (serotypes B and C) and C. neofor-
mans var. neoformans (serotypes D and AD). 
Serotype AD strains exhibited a mixed A and 
D restriction profile [22]. Recently, serotypes 
B and C have been proposed as a new species 
named Cryptococcus gattii, because they present 
significant genetic and biological differences 
from serotypes A and D [9,23]. 

GalXM structure & localization in the 
capsule 
Galactoxylomannan constitutes approximately 
8% of the capsular mass [24,25] and has an a-(1–
6)-galactan backbone containing four poten-
tial short oligosaccharide branch structures. 
Historically, the GalXM backbone consists of 
galactopyranose and a small amount of galac-
tofuranose [25]. The branches are 3-O-linked 
to the backbone and consist of an a-(1–3)-
Man, a-(1–4)-Man, b-galactosidase trisac-
charide with variable amounts of b-(1–2)- or 
b-(1–3)-xylose side groups [24–26]. Recent 
studies suggest that the structure is actually 
a glucuronoxylomannogalactan [16]. However, 
there appears to be tremendous variability in 
the molecule depending on the strain origin 
and growth conditions, and additional research 
into the structure will undoubtedly be neces-
sary to understand the complexity of this mol-
ecule [27]. Compositional analysis of GalXM 
revealed that the molar percentages for GalXM 
were as follows: xylose 22%, mannose 29% and 
galactose 50% [25,28]. It has been reported that 
the GalXM from serotypes A, C and D all con-
tained galactose, mannose and xylose, but with 
variable molar ratios, suggesting that there may 
be more than one GalXM entity. GalXMs are 
thought to be a group of complex, closely related 
polysaccharides [25,29]. 

Convincing evidence supports the theory 
that GalXM is signif icantly smaller than 
GXM (1.7 × 106 kDa), with an average mass of 
1 × 105 kDa [26]. 

It is well known that all studies regarding 
GalXM have been performed using material 
obtained from nonencapsulated strains that 
failed to secrete GXM. This is due to the dif-
ficulty of separating GalXM from GXM in 
exopolysaccharide preparations and of yielding 
GalXM pure enough for structural studies. 

The experiments to purify and character-
ize GalXM revealed that supernatant fractions 
derived from homogenization of cell walls of the 
acapsular strain cap67 contained both GalXM 
and MPs [9]. Indeed, neither GalXM nor MPs are 
believed to contribute to the formation of the cell 
wall matrix, since they are not covalently bound 
to glucans within the cell wall [29]. GalXM is 
mostly cell wall-associated [25,30] and can be 
separated from MPs using concanavalin A affin-
ity chromatography, which retains MPs, while 
GalXM is found in the eluate [25,29]. Recently, it 
has been reported that only low concentrations 
of GalXM were detected in the capsule and asso-
ciated with vesicles found in the capsule. This 
suggests that of the major polysaccharides, only 
GXM is an integral component of the capsule, 
while GalXM plays a role as an exopolysaccha-
ride and does not have a role in the architecture 
of the capsule [31]. Accordingly, it is important 
to highlight that GalXM is a powerful immuno-
modulatory molecule, and investigations regard-
ing GalXM should focus on its own intrinsic 
capacity to induce widespread dysregulation of 
the immune system.

GalXM regulation of T‑cell response 
Galactoxylomannan plays a crucial role in 
inhibiting T-cell response by suppressing T-cell 
activation and by inducing apoptosis [32–34]. 

Apoptosis is induced by a range of stimuli that 
activate two major cell death signaling pathways: 
extrinsic and intrinsic. The extrinsic pathway of 
apoptosis is triggered via the receptor-mediated 
apoptotic pathway when Fas is engaged by FasL, 
and this leads to the activation of caspase-8, 
which in turn activates the effector caspases-3, 
-6, and -7 to induce DNA fragmentation. The 
intrinsic pathway is induced by cellular stress 
with consequent activation of mitochondria, 
which subsequently releases the proapoptotic 
molecule cytochrome c that leads to activation of 
caspase-9 and its relative downstream effector cas-
pases. Moreover, active caspase-8 can cleave the 
Bcl-2 family member Bid [35], with consequent 
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generation of a small fragment called truncated 
Bid (tBid); tBid inhibits the function of the anti-
apoptotic protein Bcl-2, thereby leading to the 
activation of the intrinsic death pathway [36–39].

In studies performed using the Jurkat cell line 
and human CD3+ T cells, we obtained evidence 
that the interaction of GalXM with T cells 
induced Fas and FasL expression, with conse-
quent activation of caspase-8. The analysis of the 
mechanism involved in the GalXM-mediated 
apoptotic effect revealed that both the extrinsic 
and intrinsic apoptotic pathways are activated 
leading to DNA fragmentation. In particular, 
after Fas/FasL interaction, caspase-8 activation 
initiates the death signal pathway directly by 
activating downstream caspases such as cas-
pases-3, -6 and -7, and indirectly by affecting 
Bid, with subsequent activation of caspase-9 that 
promotes effector caspases-3, -6 and -7. This 
results in cross-talk between the extrinsic and 
intrinsic pathways, with consequent activation 
of caspase-9 (Figure 1) [32,33].

Recently, we also observed that GalXM regu-
lation of T cells occurred via interaction with 
specific glyco-receptors such as CD7, CD43 and 

CD45, expressed on the T-cell surface, which are 
normally involved in galectin-induced apopto-
sis [33]. The specific role of CD45 in GalXM-
induced activated T-cell damage was investi-
gated using BW5147 T-cell lymphoma CD45 
wild-type and knockout. In wild-type cells 
expressing CD45, but not in knockout cells, 
GalXM treatment produced inhibitory effects 
including decrease of T-cell activation and 
induction of T-cell death [34]. CD45 is a type 1 
transmembrane molecule found on the surface 
of all nucleated hematopoietic cells and their 
precursors, except for mature erythrocytes and 
platelets [40,41], and is expressed in various iso-
forms. Expression of different CD45 isoforms 
changes during T-cell activation, and ‘naive’ 
T cells switch from expressing high-molecular-
weight (CD45RB) to low-molecular-weight 
CD45 (CD45RO) isoforms upon stimulation. 
CD45 has intrinsic tyrosine phosphatase activ-
ity, has been implicated in cell proliferation, sig-
naling and differentiation and is associated with 
the B-cell receptor during signaling [42]. CD45 
is a positive regulator of T-cell receptor (TCR) 
signaling and is essential for signal transduction 
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Figure 1. Galactoxylomannan‑mediated T‑cell death. GalXM is recognized by CD45 and elicits 
Fas/FasL upregulation. This effect leads to increases in Fas/FasL interaction, which induces apoptosis 
via activation of caspase-8. Caspase-8 triggers apoptosis directly via activation of effector caspases 
and indirectly via Bid cleavage and subsequent activation of caspase-9, which in turn activates the 
effector caspases and finally apoptosis. 
GalXM: Galactoxylomannan.; tBid: Truncated Bid.
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after antigen stimulation [43,44]. In particular it 
is a membrane-associated tyrosine phosphatase 
that dephosphorylates Src-family kinases, which 
in T cells are predominantly the family mem-
bers Lck and Fyn. Lck is a primary initiator of 
signal transduction upon TCR engagement, 
and the absence of Lck leads to a severe block 
in T-cell differentiation and profound impair-
ment of T-cell activation [45]. Lck subsequently 
phosphorylates the immuno receptor tyrosine-
based activation motifs present in the z and 
CD3 e, d, and g subunits of the TCR. Double-
phosphorylated immuno receptor tyrosine-based 
activation motifs promote the recruitment and 
subsequent activation of Zap70 protein tyrosine 
kinase. This results in T-cell activation with new 
gene transcription, cytoskeletal reorganization, 
cytokine production and proliferation [46,47]. 

Our studies have shown that GalXM-induced 
apoptosis [33,34] was mainly mediated via recog-
nition of GalXM by CD7 and CD43 in human 
T cells [32,33], while in the Jurkat and T-cell 
lymphoma (BW5147) cell lines it was primarily 
mediated by its interaction with CD45 [33,34]. 

The molecular events ensuing after GalXM/
CD45 association include the inhibition of CD45 
phosphatase activity, through the downregula-
tion of Lck activity, with consequent inhibition 
of Zap70 and T-cell proliferation, and induction 
of T-cell apoptosis.

Indeed, a relationship between Lck phosphor-
ylation and apoptosis was evidenced by the fact 
that the induction of dephosphorylation of Lck 
resulted in inhibition of GalXM-induced apop-
tosis. This provided indirect evidence that Lck 
activity, and the subsequent signaling cascade, 
can influence T-cell apoptosis. In agreement 
with this hypothesis, recent results revealed a 
direct link between Lck and apoptosis, because 
Lck protects cells from glucocorticoid-induced 
apoptosis and its inhibition enhances sensitiv-
ity to dexamethasone [48]. However, the main 
mechanism of GalXM-induced apoptosis is 
related to upregulation of Fas. The precise mech-
anism that leads to Fas upregulation on T cells 
is unknown. However, it is plausible to envis-
age that the GalXM-mediated Lck inhibition 
could account for a mechanism that involves 
mitochondrial apoptosis signaling cascade [49]. 
The fact that GalXM-induced death receptor 
apoptosis cell signaling pathway is amplified 
by activation of the mitochondrial pathway 
supports this hypothesis [33]. 

Galactoxylomannan has also been shown 
to be involved in inhibition of T-cell prolif-
eration [32,34] and was also able to suppress 

peripheral blood mononuclear cell proliferation. 
This effect was associated with the increase of 
IFN-g and IL-10 production [32]. We recently 
observed that GalXM-induced inhibitory 
effects were evident in activated T cells pre-
treated with monoclonal antibody to CD3 or 
with phytohemagglutinin (PHA). This activa-
tion involves, respectively, direct TCR stimula-
tion [50] or CD45 activation via PHA stimula-
tion. Accordingly, the effect of PHA activation 
on the phosphatase activity of CD45 has been 
shown [51]. The mechanism is mediated by 
GalXM/CD45 interaction that leads to inhi-
bition of phosphatase activity with consequent 
inhibition of TCR-induced activation.

The inhibition of proliferation could be 
considered a consequence of GalXM-mediated 
T-cell apoptosis. Although we observed both 
effects, apoptosis of T cells and inhibition 
of T-cell proliferation, the exact contribu-
tion of their reciprocal regulation remains to 
be determined. 

A model of the proposed mechanisms of 
inhibitory effects induced by GalXM through 
CD45 is proposed (Figure 2) [34].

Given that differential expression of CD45 
splice variants has frequently been used to dis-
tinguish between ‘naive’ CD45RB and ‘memory 
activated’ CD45RO T cells [46], the finding that 
GalXM is able to induce biological effects, par-
ticularly in preactivated T cells, suggests that 
GalXM could preferentially bind to the hypo-
sialylated, low-molecular-weight CD45 isoform 
(CD45RO). We interpret these fi ndings as sug- interpret these fi ndings as sug-interpret these findings as sug-
gesting that the susceptibility of T cells to the 
inhibitory effect exerted by GalXM depends on 
their state of activation. This is supported by 
the observation that GalXM does not affect the 
biological function of unactivated T cells from 
healthy donors. However, we cannot exclude 
the idea that GalXM may affect naive T cells 
from patients who present T-cell-mediated 
inf lammatory pathologies. This remarkable 
inhibitory activity suggests that GalXM could 
be exploited to dampen T-cell response during 
aberrant activation. Moreover, the interaction of 
GalXM with CD45 is a process that produces 
dramatic changes on the surface of T cells. There 
is a marked propensity of GalXM to cluster and 
segregate CD45 on T cells, and this occurs quite 
early after GalXM/T-cell association; it is pos-
sible that this segregation is regulated by attach-
ment to the cytoskeleton through the linker pro-
tein fodrin [52]. However, we do not know the real 
consequences of this observed CD45 segregation 
and whether this phenomenon produces specific 
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biological effects. It should also be taken into 
account that CD45 may be sequentially cleaved 
by serine/metalloproteinase and g-secretase upon 
activation with fungal cell wall components lead-
ing to release of a fragment of the CD45 cytoplas-release of a fragment of the CD45 cytoplas-of a fragment of the CD45 cytoplas-
mic tail (ct-CD45). Soluble ct-CD45 selectively 
binds to preactivated T cells and inhibits T-cell 
proliferation [53]. Thus, because GalXM is a fun-
gal antigen [7], soluble ct-CD45 could be released 
in its presence, and this might represent an addi-
tional mechanism contributing to the inhibition 
of T-cell activation.

These results suggest that GalXM has a 
functional role in virulence by targeting human 
T cells and impairing specific T-cell responses, 
and that its mechanism may potentially be 
different from that of GXM [54].

GalXM regulation of 
macrophage activity 
A recent paper showed that purified GalXM 
and GXM induced intense macrophage apop-
tosis mediated by Fas/FasL interaction, and that 
GalXM was more potent than GXM in inducing 
Fas. However, low doses of GalXM were suffi-
cient to induce FasL expression and to block pro-
liferation in RAW264.7 cells [55]. This study also 
provided evidence that intraperitoneal injection 
of GalXM or GXM in mice induced apoptosis of 
peritoneal macrophages and that FasL expression 
was necessary for the induction of macrophage 
apoptosis in vivo. The critical role of FasL expres-
sion was underlined by data showing that the 

polysaccharide failed to induce apoptosis in mac-
rophages from FasL-deficient mutant gld mice. 
These results demonstrated that FasL is required 
for apoptosis induction in macrophages both in 
in vitro and in vivo experimental systems. 

Comparing the immunomodulatory effects 
of GXM and GalXM, the results provide strong 
evidence that GalXM is much more potent than 
GXM in inducing suppressive effects [55]. This is 
consistent with the current literature suggesting 
that GalXM is crucial for virulence. This theory 
is supported by the evidence that C. neoformans 
strains that do not produce GalXM, but are able 
to produce GXM as well as a large capsule, are 
unable to colonize the brain, while GXM-negative 
strains that produce GalXM can do so [56].

GalXM regulation of B‑cell response
Very early studies using unfractionated capsular 
material of C. neoformans revealed that poly-
saccharide fractions had a marked propensity to 
induce immunological paralysis [57,58]. 

In a subsequent study, it was reported that 
the capsular polysaccharide induced a primary 
immunological response in mice as indicated 
by the increase in antibody level, but a subse-
quent booster with the polysaccharide induced 
a state of immunological unresponsiveness with 
diminution of antibody response [59].

In recent studies, the possibility of obtain-
ing an antibody response to GalXM was inves-
tigated at different times after immunization 
with this compound. A modest amount of serum 
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Figure 2. Effect of galactoxylomannan on BW5147 cells. GalXM induces immunosuppressive 
effects on T cells through Lck inactivation. These effects occur after GalXM association with CD45, 
which inhibits its dephosphatase activity. 
GalXM: Galactoxylomannan; TCR: T-cell receptor. 
Reproduced with permission from [34].
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antibodies reactive to GalXM regardless of 
immunization dose was observed. This humoral 
response was then monitored after a subsequent 
booster with GalXM. The results showed that 
antibody titers were reduced to levels that were 
no longer detectable [60]. 

In an attempt to increment antibody response, 
the immunization was performed with GalXM 
in a complete Freund’s adjuvant emulsion, but 
this approach led to a low and transient antibody 
response. Another attempt to increment antibody 
response was made by generating a GalXM–pro-
tein conjugate using the protective antigen from 
Bacillus anthracis. Although modest titers of 
GalXM-binding antibodies were observed after 
initial immunization, the boosting of immuniza-
tion was associated with a decrease in GalXM-
specific titers. This was related to the ability of 
GalXM to suppress antibody-producing cells. 
Presumably, the abrogation of B-cell activity mir-
rored apoptosis induction by GalXM as reported 
for other cells, including T cells. In fact, the com-
plete depletion of B cells producing antibodies to 
GalXM was avoided by administering a cocktail 
of general pan-caspase inhibitors [30]. Although 
Fas upregulation seems to be responsible for 
GalXM-induced apoptosis, high doses of the 
polysaccharide only modestly – not significantly – 
increased the expression of the Fas receptor. These 
results argue against a possible direct proapoptotic 
toxicity of GalXM on B cells and suggest that 
other cell types may be involved in the upregu-
lation of the Fas receptor in B cells. Moreover, 
GalXM injection produced alterations in the 
splenic follicle morphology, and in the numbers 
and proportions of total B and T lymphocytes 
and macrophages in the spleen. Indeed, for both 
CD4+ and CD8+ T lympho cytes there was a 
decrease in the percentage of cells after the first 
injection of GalXM, but conversely an increase 
in the percentage of macrophages was observed.

Immunization with GalXM resulted in a 
dose-dependent global reduction of inflamma-
tory cytokine expression. The cytokine array 
revealed that, in the spleen, the expression of 
the inflammatory cytokines decreased with pro-
longed exposure to GalXM. In particular, this 
decrease included IL-1b and IL-12 production.

Recently, a further study by Chow et al. reports 
the generation of two GalXM conjugates with 
bovine serum albumin (BSA) and protective anti-
gen of B. anthracis respectively, using 1-cyano-
4-dimethylaminopyridinium tetrafluoroborate 
as the cyanylating reagent [60]. The inactivity 
of early GalXM conjugates were clearly due to 
excess polysaccharide and/or abundant free, 

unconjugated polysaccharide in the vaccine for-
mulation. Free GalXM continued to mediate 
B-cell depletion and immunological paralysis. To 
optimize the vaccine efficiency, free GalXM was 
separated from the conjugated product, and this 
step elicited antibody responses against GalXM. 
The success of this conjugate vaccine in eliciting 
persistent antibody responses was attributed to the 
removal of free GalXM from the vaccine prepara-
tion, thus avoiding its deleterious effects on the 
host response [60]. The serum response to GalXM 
included both IgG and IgM, with IgG being the 
predominant isotype. When mice were challenged 
with C. neoformans, despite the presence of serum 
antibodies to this polysaccharide, the survival rate 
was similar regardless of the immunization state. 
Antibodies to GalXM elicited by the conjugate 
vaccine were not opsonic, and these vaccines, 
despite their high immunogenicity, did not appear 
to modify the course of experimental cryptococ-
cal infection [60]. Overall, GalXM was able to 
elicit strong antibody responses when conjugated 
to a carrier protein, but these antibodies did not 
contribute to protection. In conclusion, the gen-
eration of a robust antibody response by using 
GalXM–protein conjugate was obtained, but this 
response was not effective in inducing protection 
against C. neoformans infection. This opens up 
new questions about the role of GalXM in the 
capsular material and the location of GalXM, 
which, being in the cell wall, is thus unlikely to be 
reached by specific antibodies. However, given the 
immunosuppressive effects exerted by GalXM, it 
should be interesting to evaluate whether the anti-
GalXM antibody, even if not opsonic, can indeed 
block the interaction of GalXM with glyco-
receptors that bring about many alterations in the  
biological function of immune cells. 

Conclusion
Galactoxylomannan has generally been consid-
ered a minor component of C. neoformans cap-
sular material and there are only a few reports 
on its immunoregulatory activity.

With this article, we have summarized the 
principal immunomodulatory effects of GalXM 
described during the last 20 years. Particularly, 
the most important effect of GalXM is the 
induction of apoptosis of T and B lymphocytes 
and macrophages; moreover, GalXM is able to 
exert its effects at low doses [32,33,55].

The main effect of GalXM on innate and 
adaptive immunity is related to its inhibitory 
activity and in particular to its ability to trigger 
apoptosis. Many questions need to be clarified, 
including the possible role of CD45 or other 
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cellular receptors in GalXM-induced inhibi-
tion of B-cell activity and, given the capacity of 
GalXM to upregulate Fas/FasL expression on 
immune cells, it should be of particular interest 
to define upstream and downstream signal trans-
duction implied in this phenomenon. Another 
issue that should be unraveled is the set of molec-
ular events leading to immunological paralysis, 
and whether the induction of immunosuppres-
sion and apoptosis are interdependent.

Future perspective
The C. neoformans capsule is widely acknowl-
edged to be its key virulence factor, and stud-
ies performed on capsule components GXM, 
GalXM and MPs have provided important data 
delineating their immunoregulatory role. During 
the last 20 years, studies on the immunomodula-
tory effects of GalXM have clearly indicated that 
this polysaccharide is a potent negative regulator 
of T- and B-cell activity and macrophage func-
tion. The remarkable effects of GalXM on T cells 
have particular relevance for pathogenesis and 
raise new questions concerning the mechanism 
responsible for GalXM-induced T-cell apoptosis. 
It is noteworthy that certain capsular polysaccha-
rides, which are considered T-cell-independent 
antigens, may be able to bind and directly affect 
T-cell function. For the first time, our studies 
show direct regulation of the biological function 
of T cells by a capsular polysaccharide. The spec-
ificity of GalXM effects is clearly demonstrated 
by the fact that very low doses of this polysaccha-
ride are able to cause T-cell damage selectively 
through interaction with glycoreceptors such as 
CD45. Possible clinical use of this polysaccharide 
has been considered for the treatment of diseases 
mediated or aggravated by glycoreceptor activa-
tion, as well as in the treatment of autoimmune 
diseases in which aberrant CD45 expression has 

been described (i.e., rheumatoid arthritis, sys-
temic lupus erythematosus, multiple sclerosis and 
autoimmune hepatitis). However, the complexity 
of the native molecule suggests that this micro-
bial product may be impractical for therapeutic 
use in itself. On the other hand, identification of 
the polysaccharide motifs that interact with the 
cellular receptor could result in the synthesis of 
oligosaccharides; this may greatly simplify the 
regulatory and pharmaceutical aspects involved 
in the translation of these findings into new 
immune therapies for autoimmune diseases. As 
with bioactive molecules, polysaccharide motifs 
may present some advantages over the native 
molecule owing to their small size, better tissue 
penetration, higher specificity and affinity for 
targets, and low systemic toxicity.

Remarkable advances are likely to occur in the 
field of new anti-inflammatory drug production 
during the next 10 years. Perhaps GalXM-based 
therapy will emerge with new anti-inflammatory 
drugs. The promising preliminary results obtained 
from the study of GalXM-induced immunosup-
pressive effects on T cells recovered from arthri-
tis rheumatoid patients revealed the crucial role 
of this polysaccharide in the suppression of the 
aberrant inflammatory response.
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Executive summary

 � Galactoxylomannan (GalXM) plays a crucial role in inhibiting T-cell response by suppressing T-cell activation and by inducing apoptosis.
 � GalXM causes significant impairment of peripheral blood mononuclear cell proliferation and increases IFN-g and IL-10 production.
 � GalXM induces apoptosis in Jurkat and T cells, upregulates Fas/FasL expression, and activates the extrinsic and intrinsic apoptotic 

pathways. These effects seem to be mediated by the interaction between GalXM and the glycoreceptors CD7, CD43 and CD45.
 � CD45 is the primary molecular target for GalXM-induced T-cell modulatory effects. 
 � GalXM-mediated T-cell immunoregulation requires the interaction of CD45 with protein tyrosine kinases such as Lck and Zap70. 
 � GalXM induces macrophage apoptosis and inhibition of RAW264.7 cell proliferation.
 � GalXM immunization elicits a state of immunological paralysis in mice characterized by the disappearance of antibody-producing cells 

in the spleen. Presumably, the abrogation of B-cell activity was related to apoptosis induction by GalXM as reported for other cells, 
including T cells. 

 � The results demonstrate that GalXM could represent a negative regulator of activated T lymphocytes. In light of this, possible clinical use 
of GalXM could be considered for the treatment of diseases mediated or aggravated by glycoreceptor activation, and the treatment of 
autoimmune diseases in which aberrant CD45 expression has been described (i.e., rheumatoid arthritis, systemic lupus erythematosus, 
multiple sclerosis and autoimmune hepatitis).



Immunotherapy (2011) 3(8) future science group

Review Vecchiarelli, Pericolini, Gabrielli et al.

1004

Bibliography
Papers of special note have been highlighted as:
n  of interest

1 Lim TS, Murphy JW. Transfer of immunity to 
cryptococcosis by T-enriched splenic 
lymphocytes from Cryptococcus 
neoformans-sensitized mice. Infect. Immun. 30, 
5–11 (1980).

2 Currie BP, Casadevall A. Estimation of the 
prevalence of cryptococcal infection among 
patients infected with the human 
immunodeficiency virus in New York 
City. Clin. Infect. Dis. 19, 1029–1033 
(1994).

3 John GT, Mathew M, Snehalatha E et al. 
Cryptococcosis in renal allograft recipients. 
Transplantation 58, 855–856 (1994).

4 Goldstein E, Rambo ON. Cryptococcal 
infection following steroid therapy. 
Ann. Intern. Med. 56, 114–120 (1962).

5 Kwon-Chung KJ, Bennett JE. 
Epidemiologic differences between the two 
varieties of Cryptococcus neoformans. 
Am. J. Epidemiol. 120, 123–130 (1984).

6 Perfect JR, Casadevall A. Cryptococcosis. 
Infect. Dis. Clin. North Am. 16, 837–874, 
V–VI (2002).

7 Vecchiarelli A. Immunoregulation by 
capsular components of Cryptococcus 
neoformans. Med. Mycol. 38, 407–417 
(2000).

n Describes the immunoregulation of 
Cryptococcus neoformans capsular materials.

8 Monari C, Pericolini E, Bistoni G et al. 
Influence of indinavir on virulence and 
growth of Cryptococcus neoformans. J. Infect. 
Dis. 191, 307–311 (2005).

9 Zaragoza O, Rodrigues ML, De Jesus M et al. 
The capsule of the fungal pathogen 
Cryptococcus neoformans. Adv. Appl. Microbiol. 
68, 133–216 (2009).

n Most recent overview of 
C. neoformans capsule.

10 Granger DL, Perfect JR, Durack DT. 
Virulence of Cryptococcus neoformans. 
Regulation of capsule synthesis by carbon 
dioxide. J. Clin. Invest. 76, 508–516 (1985).

11 Jacobson ES, Compton GM. Discordant 
regulation of phenoloxidase and capsular 
polysaccharide in Cryptococcus neoformans. 
J. Med. Vet. Mycol. 34, 289–291 (1996).

12 Vartivarian SE, Anaissie EJ, Cowart RE et al. 
Regulation of cryptococcal capsular 
polysaccharide by iron. J. Infect. Dis. 167, 
186–190 (1993).

13 Guimaraes AJ, Frases S, Cordero RJ et al. 
Cryptococcus neoformans responds to mannitol 
by increasing capsule size in vitro and in vivo. 
Cell. Microbiol. 12, 740–753 (2010).

14 Zaragoza O, Fries BC, Casadevall A. 
Induction of capsule growth in Cryptococcus 
neoformans by mammalian serum and CO

2
. 

Infect. Immun. 71, 6155–6164 (2003).

15 Zaragoza O, Casadevall A. Experimental 
modulation of capsule size in Cryptococcus 
neoformans. Biol. Proced. Online 6, 10–15 
(2004).

16 Heiss C, Klutts JS, Wang Z, Doering TL, 
Azadi P. The structure of Cryptococcus 
neoformans galactoxylomannan contains 
b-d-glucuronic acid. Carbohydr. Res. 344, 
915–920 (2009).

17 Gahrs W, Tigyi Z, Emody L, Makovitzky J. 
Polarization optical analysis of the surface 
structures of various fungi. Acta Histochem. 
111, 308–315 (2009).

18 Frases S, Nimrichter L, Viana NB, 
Nakouzi A, Casadevall A. Cryptococcus 
neoformans capsular polysaccharide and 
exopolysaccharide fractions manifest 
physical, chemical, and antigenic 
differences. Eukaryot. Cell 7, 319–327 
(2008).

19 Cherniak R, Morris LC, Belay T, Spitzer ED, 
Casadevall A. Variation in the structure of 
glucuronoxylomannan in isolates from 
patients with recurrent cryptococcal 
meningitis. Infect. Immun. 63, 1899–1905 
(1995).

20 Rachini A, Pietrella D, Lupo P et al. 
An anti-b-glucan monoclonal antibody 
inhibits growth and capsule formation of 
Cryptococcus neoformans in vitro and exerts 
therapeutic, anticryptococcal activity in vivo. 
Infect. Immun. 75, 5085–5094 (2007).

21 Desnos-Ollivier M, Patel S, Spaulding AR et al. 
Mixed infections and in vivo evolution in the 
human fungal pathogen Cryptococcus 
neoformans. MBio 1(1), E00091–E00010 
(2010).

22 Enache-Angoulvant A, Chandenier J, 
Symoens F et al. Molecular identification of 
Cryptococcus neoformans serotypes. J. Clin. 
Microbiol. 45, 1261–1265 (2007).

23 Kwon-Chung KJ, Varma A. Do major species 
concepts support one, two or more species 
within Cryptococcus neoformans? FEMS Yeast 
Res. 6, 574–587 (2006).

24 Bose I, Reese AJ, Ory JJ, Janbon G, 
Doering TL. A yeast under cover: the capsule 
of Cryptococcus neoformans. Eukaryot. Cell 2, 
655–663 (2003).

25 Vaishnav VV, Bacon BE, O’Neill M, 
Cherniak R. Structural characterization of the 
galactoxylomannan of Cryptococcus 
neoformans Cap67. Carbohydr. Res. 306, 
315–330 (1998).

n Describes the structure of 
galactoxylomannan (GalXM).

26 McFadden DC, De Jesus M, Casadevall A. 
The physical properties of the capsular 
polysaccharides from Cryptococcus neoformans 
suggest features for capsule construction. 
J. Biol. Chem. 281, 1868–1875 (2006).

27 De Jesus M, Chow SK, Cordero RJ, Frases S, 
Casadevall A. Galactoxylomannans from 
Cryptococcus neoformans varieties neoformans 
and grubii are structurally and antigenically 
variable. Eukaryot. Cell 9, 1018–1028 (2010).

28 De Jesus M, Park CG, Su Y et al. Spleen 
deposition of Cryptococcus neoformans capsular 
glucuronoxylomannan in rodents occurs in 
red pulp macrophages and not marginal zone 
macrophages expressing the C-type lectin 
SIGN-R1. Med. Mycol. 46, 153–162 (2008).

29 James PG, Cherniak R. Galactoxylomannans 
of Cryptococcus neoformans. Infect. Immun. 60, 
1084–1088 (1992).

30 De Jesus M, Nicola AM, Frases S et al. 
Galactoxylomannan-mediated immunological 
paralysis results from specific B cell depletion 
in the context of widespread immune system 
damage. J. Immunol. 183, 3885–3894 (2009).

31 De Jesus M, Nicola AM, Rodrigues ML, 
Janbon G, Casadevall A. Capsular 
localization of the Cryptococcus neoformans 
polysaccharide component 
galactoxylomannan. Eukaryot. Cell 8, 96–103 
(2009).

32 Pericolini E, Cenci E, Monari C et al. 
Cryptococcus neoformans capsular 
polysaccharide component 
galactoxylomannan induces apoptosis of 
human T-cells through activation of 
caspase-8. Cell. Microbiol. 8, 267–275 
(2006).

33 Pericolini E, Gabrielli E, Cenci E et al. 
Involvement of glycoreceptors in 
galactoxylomannan-induced T cell death. 
J. Immunol. 182, 6003–6010 (2009).

n Describes the mechanism of 
GalXM‑induced apoptosis of T cells.

34 Pericolini E, Gabrielli E, Bistoni G et al. Role 
of CD45 signaling pathway in 
galactoxylomannan-induced T cell damage. 
PLoS One 5, E12720 (2010).

n Describes the role of CD45 in 
GalXM‑induced T‑cell damage.

35 Kohler B, Anguissola S, Concannon CG et al. 
Bid participates in genotoxic drug-induced 
apoptosis of HeLa cells and is essential for 
death receptor ligands’ apoptotic and 
synergistic effects. PLoS One 3, E2844 
(2008).

36 Zhang N, Hartig H, Dzhagalov I, 
Draper D, He YW. The role of apoptosis in 
the development and function of 
T lymphocytes. Cell Res. 15, 749–769 
(2005).



www.futuremedicine.comfuture science group www.futuremedicine.com 1005

Cryptococcus neoformans galactoxylomannan in anti-inflammatory immunotherapy Review

37 Krammer PH. CD95’s deadly mission in the 
immune system. Nature 407, 789–795 (2000).

38 Gross A, Yin XM, Wang K et al. Caspase 
cleaved BID targets mitochondria and is 
required for cytochrome c release, while 
BCL-XL prevents this release but not tumor 
necrosis factor-R1/Fas death. J. Biol. Chem. 
274, 1156–1163 (1999).

39 Singh R, Pervin S, Chaudhuri G. Caspase-8-
mediated BID cleavage and release of 
mitochondrial cytochrome c during Nomega-
hydroxy-l-arginine-induced apoptosis in 
MDA-MB-468 cells. Antagonistic effects of 
l-ornithine. J. Biol. Chem. 277, 37630–37636 
(2002).

40 Thomas ML. The leukocyte common antigen 
family. Annu. Rev. Immunol. 7, 339–369 (1989).

41 Irie-Sasaki J, Sasaki T, Penninger JM. CD45 
regulated signaling pathways. Curr. Top. Med. 
Chem. 3, 783–796 (2003).

n Describes the role of CD45 in T‑cell response.

42 Dang AM, Phillips JA, Lin T, Raveche ES. 
Altered CD45 expression in malignant B-1 
cells. Cell. Immunol. 169, 196–207 (1996).

43 Mustelin T, Tasken K. Positive and negative 
regulation of T-cell activation through kinases 
and phosphatases. Biochem. J. 371, 15–27 
(2003).

44 McNeill L, Salmond RJ, Cooper JC et al. The 
differential regulation of Lck kinase 
phosphorylation sites by CD45 is critical for T 
cell receptor signaling responses. Immunity 27, 
425–437 (2007).

45 Zamoyska R, Basson A, Filby A et al. The 
influence of the src-family kinases, Lck and 
Fyn, on T cell differentiation, survival and 
activation. Immunol. Rev. 191, 107–118 (2003).

46 Hermiston ML, Xu Z, Weiss A. CD45: a 
critical regulator of signaling thresholds in 
immune cells. Annu. Rev. Immunol. 21, 
107–137 (2003).

n Describes the role of CD45 in 
T‑cell response.

47 Hermiston ML, Zikherman J, Zhu JW. 
CD45, CD148, and Lyp/Pep: critical 
phosphatases regulating Src family kinase 
signaling networks in immune cells. 
Immunol. Rev. 228, 288–311 (2009).

48 Harr MW, Caimi PF, McColl KS et al. 
Inhibition of Lck enhances glucocorticoid 
sensitivity and apoptosis in lymphoid cell 
lines and in chronic lymphocytic leukemia. 
Cell Death Differ. 17, 1381–1391 (2010).

49 Gruber C, Henkel M, Budach W, Belka C, 
Jendrossek V. Involvement of tyrosine kinase 
p56/Lck in apoptosis induction by 
anticancer drugs. Biochem. Pharmacol. 67, 
1859–1872 (2004).

50 Ledbetter JA, Gentry LE, June CH, 
Rabinovitch PS, Purchio AF. Stimulation of 
T cells through the CD3/T-cell receptor 
complex: role of cytoplasmic calcium, 
protein kinase C translocation, and 
phosphorylation of pp60c-src in the 
activation pathway. Mol. Cell. Biol. 7, 
650–656 (1987).

51 Monostori E, Hartyani Z, Ocsovszky I et al. 
Effect of phytohaemagglutinin on CD45 
in T cells. Immunol. Lett. 42, 197–201 
(1994).

52 Earl LA, Baum LG. CD45 glycosylation 
controls T-cell life and death. 
Immunol. Cell. Biol. 86, 608–615 
(2008).

53 Kirchberger S, Majdic O, Bluml S et al. The 
cytoplasmic tail of CD45 is released from 
activated phagocytes and can act as an 
inhibitory messenger for T cells. Blood 112, 
1240–1248 (2008).

54 Monari C, Bistoni F, Vecchiarelli A. 
Glucuronoxylomannan exhibits potent 
immunosuppressive properties. FEMS Yeast 
Res. 6, 537–542 (2006).

55 Villena SN, Pinheiro RO, Pinheiro CS et al. 
Capsular polysaccharides 
galactoxylomannan and 
glucuronoxylomannan from Cryptococcus 
neoformans induce macrophage apoptosis 
mediated by Fas ligand. Cell. Microbiol. 10, 
1274–1285 (2008).

56 Moyrand F, Fontaine T, Janbon G. 
Systematic capsule gene disruption reveals 
the central role of galactose metabolism on 
Cryptococcus neoformans virulence. Mol. 
Microbiol. 64, 771–781 (2007).

57 Gadebusch HH. Passive immunization 
against Cryptococcus neoformans. Proc. Soc. 
Exp. Biol. Med. 98, 611–614 (1958).

58 Gadebusch HH. Active immunization 
against Cryptococcus neoformans. J. Infect. 
Dis. 102, 219–226 (1958).

59 Murphy JW, Cozad GC. Immunological 
unresponsiveness induced by cryptococcal 
capsular polysaccharide assayed by the 
hemolytic plaque technique. Infect. Immun. 
5, 896–901 (1972).

60 Chow SK, Casadevall A. Evaluation of 
Cryptococcus neoformans galactoxylomannan-
protein conjugate as vaccine candidate 
against murine cryptococcosis. Vaccine 29, 
1891–1898 (2011).


