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ABSTRACT 

Whether infection of Cryptococcus causes disease in host or not depends on the virulence of the pathogen and the 
immune defense ability of the host. Cryptococcus neoformans (C. neoformans) mainly causes opportunistic infections 
in the immunocompromised or immunodeficient patients. In contrast, Cryptococcus gattii (C. gattii) mainly attacks the 
immunocompetent individuals. On the one hand, the host immune cells can eliminate the invasive Cryptococcus 
through a complex immune mechanism; on the other hand, Cryptococcus can evade the clearance of host immune 
cells by adopting various strategies (immune escape). This review mainly focuses on the pathogenic mechanism of 
Cryptococcus, and the host’s immune defense mechanism against cryptococcal infection. 
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1. Introduction 
Cryptococcus belongs to the subfamily of fungal basidiomycetes, 

including many species. There are mainly two kinds of conditional 
pathogens causing human opportunistic infection: Cryptococcus 
neoformans (C. neoformans) and Cryptococcus gattii (C. gattii). Cryp-
tococcus neoformans is distributed in nature all over the world, mainly 
in soil and rotten vegetables, especially in pigeon droppings. C. gattii 
mainly exists in Eucalyptus, distributed in tropical and subtropical are-
as. In 1999, it broke out in temperate Colombia and spread to Wash-
ington, Oregon and California[1]. However, originally reported in the 
tropics, C. gattii infection is now diagnosed worldwide[2]. C. neofor-
mans infection is the leading cause of death among AIDS patients 
worldwide. Especially in sub Saharan Africa, the incidence rate is the 
highest[3]. In addition to easily cause infections in HIV infection, C. 
neoformans also attacks other individuals with low immune function, 
such as hematopoietic malignancies, immunosuppressants after organ 
transplantation and patients with immune deficiency diseases. C. 
neoformans mainly affects individuals with normal immune func-
tion, but there are some special reports about C. neoformans infection 
in some immunocompetent patients and C. gattii infection in patients 
with immunodeficiency, such as those with HIV[4].  

Cryptococcus is widely distributed in the air in the form of spores, 
inhaled into the lungs and deposited in the alveoli through the human 
respiratory tract. When the host’s immune function is normal, most of 
the invasive C. neoformans are cleared by the host, so there are no ob-
vious infection symptoms. However, when the immune function is  
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damaged or low, a small number of Cryptococcus 
colonized in the host cells multiply, causing cryp-
tococcal pneumonia. It also spreads through 
the blood-brain barrier and invades the central 
nervous system, causing cryptococcal meningitis[5], 
which is characterized by pneumonia such as cough, 
pleurisy chest pain, fever and dyspnea, and a series 
of clinical symptoms of meningoencephalitis. 
Cryptococci can be cultured in cerebrospinal fluid 
(Figure 1). The main symptom of C. neoformans 
infection is meningoencephalitis, while C. gattii 

infection is more common in the lungs[6]. The study 
results of animal models also support the differ-
ence between the two kinds of pathogens on the 
main target organs: mice infected with C. neofor-
mans die of central nervous system infection, while 
those infected with C. gattii die of lung infection[7]. 
It shows that the two species have different effects 
on their target organs, but its mechanism has 
not been fully clarified. At present, the research on 
regulating and enhancing hosts’ defense mechanism 
through immune has attracted extensive attention. 

 
Cryptococcus in the air is inhaled by the host in the form of spores and deposited in the alveoli. When the immune function of 
the body is low or damaged, cryptococci colonized in the host cells proliferate in large numbers, causing cryptococcal pneumonia, 
which spreads through the blood-brain barrier, invades the central nervous system, and causes cryptococcal meningitis. Therefore, 
cryptococcus is often cultured in the cerebrospinal fluid of patients with cryptococcal meningitis. 

Figure 1. The main pathway of cryptococcal infection. 

2. Cryptococcus is pathogenic 
Cryptococcal capsule is an important virulence 

factor. Its main components are glucuronoxylan-nan 
(GXM), galactose xylose mannan (GalXM) and a 
small amount of mannose protein (MP), among 
which GXM accounts for more than 90% of poly-
saccharide components[8]. Cryptococcal virulence 
factors can interfere with the host protective im-
mune response, including the defense of dendritic 
cells (DCS) and macrophages (Mφ) and anti-
gen-presenting cells of the bone marrow lineage of 
monocyte precursors. In addition to producing spe-
cific enzymes and structures conducive to the sur-
vival of pathogens, the cell wall structure of Cryp-

tococcus also actively regulates host specific signal 
transduction. This remolded structure leads to im-
mune escape by shielding more immunogenic sur-
face features[9]. Cryptococcus can evade clearance 
of host immune cells by adopting various strategies 
and successfully damage the defense mechanism of 
the host. GXM can not only adhere to the cell wall 
to form a capsule structure, but also secrete into the 
surrounding environment with a large amount 
(exo-GXM). The virulence and fungal load of 
mouse infection are related to the release of 
exo-GXM. During disseminated infection or intra-
cranial infection, exo-GXM can prevent immune 
cells from infiltrating into the brain and inhibit in-
flammation[10]. 
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3. Effect of phagocytes on Crypto-
coccus 

After infecting the host, Cryptococcus interacts 
with different phagocytic effector cells[11]. Macro-
phages and dendritic cells (DC) play an important 
role in anti-Cryptococcus. Cryptococcus exists in 
the air in the form of spores, is inhaled into the al-
veoli through the respiratory tract and contacts with 
phagocytes. Phagocytes act as the first immune de-
fense of the host to phagocytize, kill and invade 
pathogens and present antigens to activate T cells to 
mediate adaptive immune response. However, C. 
neoformans can replicate in phagocytes and escape 
to the extracellular environment through non lytic 
exocytosis, avoiding the clearance of phagocytes[12]. 
The research shows that during the growth, Cryp-
tococcus removes maturation markers Rab5 and 
Rab11 of phagosome, and inhibit the maturation of 
phagocyte lysosome, and the acidification, calcium 
channel and enzyme activity of phagosome 
is blocked, which makes Cryptococcus proliferate 
in cells. 

3.1 Macrophage  
Macrophages can become the hub of innate 

and adaptive immunity after phagocytosing Cryp-
tococcus. However, Cryptococcus can survive and 
proliferate in the phagocytosis of these infected host 
cells. Cryptococcus can escape host immunity by 
cleaving macrophages, but the mechanism of 
cleavage is not clear, which may be due to the rup-
ture of host cell membrane caused by a large num-
ber of intracellular Cryptococcus replication. This 
shows that Cryptococcus can take macrophages as a 
protective area in the host. Chrissy M reviewed the 
interaction between Cryptococcus and phagocytes 
in detail[14]: macrophages can efficiently phagocyt-
ize Cryptococcus, but Cryptococcus has a variety of 
virulence factors to resist phagocytosis or enhance 
its reproductive ability in phagocytosis. However, a 
recent study[15] has explored the mechanism of 
nonspecific uptake of Cryptococcus by macrophag-
es. Macrophages ingest Cryptococcus through 
mannose receptor (MR), ingest C. neoformans 
through dectin-1 and dectin-2, and ingest C. gattii 
through dectin-1, which proves that macrophages’ 

important role of resisting Cryptococcus. Macro-
phages, as antigen-presenting cells (APC), promote 
T lymphocyte activation, induce Th1-like reaction 
and eliminate fungi. M1 type (classically activated) 
macrophages mediate Th1 response (mainly IFN-γ 
mediation), leading to the up regulation of reactive 
oxygen mediators, reactive nitrogen substances, 
proteases and lipid mediators, so that macrophages 
can effectively kill pathogens. Th1 stimulation can 
also increase the presentation of major histocom-
patibility complexes (MHC-I or MHC-II) and me-
diate adaptive immunity by reducing the activity of 
phagocyte hydrolases. M2 type (selectively acti-
vated) macrophages mediate Th2 response, help to 
inhibit and regulate inflammatory response, and 
play a role in the healing process, but have no kill-
ing effect on Cryptococcus[16] (Figure 2). 

 
After Cryptococcus is recognized and phagocytosed by APC 
(Mφ and DC), M1 macrophages mediate Th1 response, and M2 
macrophages mediate Th2 response; after immature dendritic 
cells (DC) phagocytose Cryptococcus, , the expression of mat-
uration markers CD80, CD86 and MH CII on cell surface in-
creases, which mediate the differentiation of CD4+ T into Th1, 
Th2 and Th17 cells. They produce different inflammatory cy-
tokines and inhibitory cytokines. Immature DC can also medi-
ate Th2 reaction. 

Figure 2. Effect of phagocytes on Cryptococcus. 

3.2 Dendritic cell 
As full-time APCs, dendritic cells mainly reg-

ulate and activate the adaptive immune system ac-
cording to the polymorphism of antigen, and pro-
duce a specific immune response to infection. After 
Cryptococcus invades the lung, DC preliminarily 
processes Cryptococcus antigen through the endo-
somal/lysosomal pathway, presents it with 
MHC-class II molecules, and kills Cryptococcus 
through oxygen dependent and oxygen independent 
mechanisms[17]. It was found[18] that within 2 hours 
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after intranasal inoculation of C. neoformans in 
mice, C. neoformans could be internalized by lung 
DC, lung macrophages and neutrophils; after 7 days 
of infection, the expression of maturation markers 
CD80, CD86 and MHC-II increased. It shows that 
DC gradually develops into mature DC after phag-
ocytosis of C. neoformans, and can present C. 
neoformans antigen to specific T cells to activate T 
cells. Mature DC can effectively present antigen, 
start T lymphocytes and mediate Th1 and Th17 
immune response, while immature DC can induce 
immune tolerance and mediate Th2 non protective 
immune response. Wozniak KL[19] clarified the 
process of DC recognizing, processing Cryptococ-
cus and mediating immune response to Cryptococ-
cus. It shows that DC cells play an important role 
in both innate and adaptive immune defense against 
cryptococcosis (Figure 2). 

DC recognizes Cryptococcus presentation an-
tigen and mainly stimulates T cell pathway. Alt-
hough alveolar macrophages can also activate T 
cells through cryptococcal antigen presentation, the 
T cell effect stimulated by DC is more effective. 
The experimental results showed that[20]: crypto-
coccal antigen stimulated bone marrow dendritic 
cells (BMDC) to induce the release of protective 
immune factors IL-12/23p40, but did not release 
these protective factors after stimulating bone mar-
row macrophages. The possible reason for this dif-
ference is that after cryptococcal antigen stimula-
tion, BMDC up regulates MHC-II and CD86, 
while bone marrow macrophages down regulate 
MHC-II and CD86. DC has many subtypes accord-
ing to different sources, and different subtypes have 
different characteristics in anti-cryptococcal infec-
tion. Plasma cell like DCs phagocytize C. neofor-
mans and limit its growth through dectin-3 and re-
active oxygen species dependent mechanisms[21]. 
The protective immune response against crypto-
coccal antigen is mediated by CD11b+ DC and 
Langerhans cells[22]. CD11b+ DC can also mediate 
non protective Th2 response[23]. Recent studies have 
found that Cryptococcus can use the collagen 
structure of macrophage receptor to promote the 
accumulation of CD11b+ DC and change the 
Th1/Th2 balance, which is conducive to the repro-
duction and spread of fungi. Monocyte derived DCs 

enhance Th1 response after respiratory tract infect-
ed with C. neoformans. 

3.3 Effect of T cells on Cryptococcus 
Patients suffered from C. neoformans with 

AIDS are closely related to T cell defects. T cells 
are necessary for adaptive immune response. In 
human body, CD4+ T cell defect is the main factor 
inducing cryptococcosis, in which the count of 
CD4+ T cells is less than 100·μ·L–1, indicating an 
increased risk of HIV related cryptococcosis[25]. T 
lymphocytes that participate the response of the 
host to C. neoformans include CD4+ T cells, CD8+ 
T cells and natural killer T (NKT) cells. CD4+ T 
cells, CD8+ T cells and NK cells can directly bind 
to Cryptococcus and act in a way of inhibiting fungi. 
Recently, an auxiliary T cell (CD4+ Fox P3 Treg) 
was found to inhibit Th2 response in an-
ti-Cryptococcus[26]. Activated CD4+ T cells can ac-
tivate and proliferate B cells, macrophages and 
CD8+ T cells to produce antibodies. CD8+ T cells 
play an important role in the host immune response 
to C. neoformans[27]. Both CD4+ T cells and CD8+ T 
cells produce pro-inflammatory cytokines against 
Cryptococcus. CD8+ T cells contact C. neoformans 
cells directly and release granulysin to kill C. 
neoformans. 

CD4+ T cells are the key to regulating the type 
of immune response. Naive CD4+ T cells are acti-
vated and differentiated into different subsets of 
Th1, Th2 and Th17 to produce cytokines. Th1 type 
regulates the host to induce cellular immune re-
sponse and produce cytokines IL-2, IL-12, IFN-γ 
and TNF-α, having a protective effect against 
Cryptococcus[28]. Th17 is necessary for vaccine 
mediated protection of mice against C. neofor-
mans[29], and mainly secretes cytokines IL-17 and 
IL-22. Th2 reaction produces cytokines such as 
IL-4, IL-5 and IL-13, which has a non-protective 
effect on Cryptococcus infection. In HIV infection, 
cytokines change from Th1 to Th2, and the host 
immune environment becomes more conducive to 
cryptococcal infection and diffusion (Figure 2). 

4. Conclusions  
The diseases and mortality caused by Crypto-

coccus infection in the world are very high every
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year. Because Cryptococcus has unique virulence 
factors, such as capsular polysaccharide, which 
plays an important role in resisting the immune re-
sponse of the body and can escape the clearance of 
host cells. At present, although there is continuous 
progress in the study of the pathogenic and immu-
nological mechanism of cryptococcosis, it is still 
not enough to effectively control the epidemic of 
cryptococcosis. C. neoformans adapts to the intra-
cellular environment and resists the immune re-
sponse of the host through a variety of strategies. 
For example, C. neoformans colonizes macrophag-
es, symbiotically proliferates and escapes to the 
extracellular environment, causing disease dissem-
ination. Therefore, future research will need to pay 
attention to the parasitism capacity of Cryptococcus 
in host cells and related immune mechanisms. 

The body’s protective immunity against Cryp-
tococcus requires T cell response, which produces 
the key protective inflammatory factor TNF-α, 
IL-12 and IFN-γ. These responses are triggered by 
classical DC activation. DC plays an important role 
in phagocytosis and killing Cryptococcus. Studies 
have shown that TLR4 and TLR2 on the surface of 
DC can recognize the capsule component GXM of 
Cryptococcus[30]. Therefore, an in-depth under-
standing of the interaction between DC and Cryp-
tococcus will help to improve the immunotherapeu-
tic effect of Cryptococcus infection in the future. 

In the model of Cryptococcus infection in 
mouse lung, early inoculation of IL-12 can reduce 
the load of Cryptococcus in lung and inhibit its dif-
fusion to brain, and the therapeutic effect of IL-12 
is related to the production of high concentration of 
IFN in lung-γ[31]. Immunocompromised patients 
were given recombinant IFN-γ1b can promote the 
killing of Cryptococcus in cerebrospinal fluid and 
increase the body’s drug resistance[32]. If we want to 
improve the immune efficacy of cryptococcal infec-
tion treatment, we should deeply understand the 
signal transduction pathway involved in cryptococ-
cal pathogenesis. 
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