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Cryptococcus neoformans, an encapsulated yeast commonly infecting the central nervous system, refers to
as cryptococcal meningitis or cryptococcosis is commonly found in Thailand. C. neoformans is able to replicate, survive
inside host macrophages, evade from the cells and use macrophages as a vehicle to disseminate to the target organs, a
mechanism known as Trojan horse. Therefore, the containment of C. neoformans in phagocytic cell is important for host
protective immunity. Cryptococcosis is common in immunocompromised host such as in patients with low CD4+ T helper
cells in HIV-infection and patients taking immunosuppressive drugs. However, the incidence of cryptococcosis in healthy
individual (HIV-uninfected) is increasing. Interestingly, it was reported that dysfunctional FcYRIlb polymorphisms are
associated with cryptococcosis susceptibility. FCYRIIb is the only inhibitory receptor among the family of FcYRs. FcYRIlb
activation leads to suppress of phagocytic activity and reduces cytokine production. Because macrophage is important
immune cells against cryptococcosis, we hypothesized that dysfunctional FcYRIlb may influence cryptococcosis
susceptibility through the alteration of macrophages functions. We investigated cryptococcosis in the FcYRIlb-/- mouse.
Mortality after intravenous C. neoformans-induced cryptococcosis FcYRIIb-/- mice was higher than in age-matched wild-
types. Severe cryptococcosis in the FcYRIlb-/- mice was demonstrated by high fungal burdens in the internal organs with
histological cryptococcoma-like lesions and high levels of TNF-QU and IL-6, but not IL-10. Interestingly, FcYRIlb-/-
macrophages demonstrated more prominent phagocytosis but did not differ in killing activity in vitro or the production of
TNF-Q, IL-6 and IL-10 levels, compared to wild-type cells. Indeed, in vivo macrophage depletion with liposomal clodronate
attenuated the fungal burdens in FcYRIlb-/- mice, but not wild-type mice. Upon transferring to wild-type mice, FcYRIlb-/-
macrophages with phagocytosed Cryptococcus resulted in higher fungal burdens than FcYRIlb+/+ macrophages with
phagocytosed Cryptococcus. Moreover, the T cell subpopulation analysis and IFN-Y intracellular staining suggested that
cryptococcosis severity in FcYRIlb-/- mice did not cause by T helper cell defect. These results support, at least in part, a
model whereby, in FcYRIlb-/- mice, enhanced C. neoformans transmigration occurs through infected macrophages. In
summary, prominent phagocytosis, with limited effective killing activity, and high pro-inflammatory cytokine production by
FcYRIlb-/- macrophages were correlated with more severe cryptococcosis in FcYRIlb-/- mice. In clinical translation, we

propose FcYRIlb loss-of-function- polymorphisms as a new risk factor for cryptococcosis.
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CHAPTER |
INTRODUCTION

Cryptococcosis caused by Cryptococcus neoformans or Cryptococcus gattii.
This disease is an opportunistic fungal infection, especially in HIV-infected patients due
to CD4 T cell deficiency with more than 950,000 cases and 625,000 deaths per year (1,
2). A major form of this disease is cryptococcal meningitis and usually caused by C.
neoformans. The natural reservoirs of the genus Cryptococcus are in feces dropping of
pigeon and in some big tree which could be found throughout Thailand. Normally, the
pathogenesis of the disease is initiated by spore inhalation from the environment.
Subsequently, yeast could reside in the lung in the granuloma form without clinical
symptoms as known as the latent stage or could progress into infectious stage with
disseminated-form or target-organ (brain) infection in immunocompromised or
immunocompetent hosts, respectively (3).

Polysaccharide capsule is the major virulence factor of C. neoformans (4) and
the main capsule component is glucuronoxylomannan (GXM) that inhibits macrophage
phagocytosis and enhances C. neoformans virulence (5). Additionally, C. neoformans
is able to replicate inside host macrophages and evades from the cells to several target
organs as known as “intracellular parasitism” (6). As such, C. neoformans could invade
blood brain barrier by this property. Interestingly, in lung, C. neoformans interacts with
alveolar macrophages and reside/multiply within the macrophages (7). Depletion of
alveolar macrophages in mice improve survival and delays cryptococcal dissemination,
suggesting that alveolar macrophage promote fungal growth and dissemination (8).
Recent evidence by Trojan horse mouse model with C. neoformans suggested that
this pathogen can invade to the brain by monocytes/macrophage act as the carrier (9).
Therefore, monocytes/macrophages play an important role in C. neoformans
pathogenesis.

Interestingly, the incidence of cryptococcosis is increasing in non-HIV patients
and C. gattii is most frequently described as an etiologic agent of cryptococcosis in

patients with HIV seronegative (10, 11), however, C. neoformans var. grubii also caused



cryptococcosis in patients with HIV seronegative without underlying disease (12, 13).
Therefore, the factors that associated with infection susceptibility in such patients are
under investigation.

Host genetic background maybe associated with disease susceptibility because
gene polymorphisms can affect the host in response to infection. However, small
amount of evidences has been reported for this hypothesis (14). The increase
susceptibility to cryptococcosis in patients with Fc gamma receptor (FcyR)
polymorphisms have previously been reported (14-17). FcyRlla 131H/R polymorphism
results in amino acid change from histidine (H) to arginine (R) at 131 position and high
FcyRlla 131H expression in macrophages demonstrated the higher phagocytosis activity
without the effective killing activity (18, 19). Nevertheless, there was no association
between the risk of cryptococcosis and FcyRlla 131H/R polymorphism in either HIV-
infected or non-HIV infected populations (15, 17). In FcyRllla 158F/V polymorphism
results in amino acid substitution of phenylalanine (F) to valine (V) at position 158.
Both non HIV-infected (16) and HIV-infected individuals (15) with FcyRllla 158V
polymorphism shows the higher risk of cryptococcosis with more effective
phagocytosis and lead to fungal dissemination (14, 15). Recently, in the Chinese
population, an association between FcyRIlb polymorphism and cryptococcal meningitis
was demonstrated (17). Therefore, FcyRllb polymorphism maybe result in their
functional deficiency lead to easy to infection and disease progression.

FcyRIlb is a receptor for Fc portion of immunoglobulin G and is the only
inhibitory receptor among other FcyRs. The suppression of phagocytosis and
inflammatory cytokine production are demonstrated after FcyRIlb activation. This
receptor presents on B cell, macrophages, neutrophils and mast cells, but not on T or
NK cells (20). There are some evidences that described the association between FcyRIlb
and infection by bacteria, parasite and virus (21-30). Claworthy et al. hypothesized that
people with the FcyRIlb polymorphisms are less susceptible to malaria which
supported by Plasmodium spp. infection in FcyRIIb-/- mice is less severe than wildtype
due to the enhanced phagocytosis of Plasmodium falciparum (21). FcyRIlb-/- show
enhanced Mycobacterium tuberculosis clearance, attenuate disease severity and

increase T helperl cell response in comparison with wildtype (23). In the study of



Staphylococcus aureus infection model, FcyRllb-/- mice were enhance protection
against a primary infection with S. aureus by increase survival rate, IL-10 level and
increase phagocytosis in granulocyte and monocytes as compared to control mice (22).
In contrast to previous model, FcyRIllb-/- mice preconditioning with pneumococcal
vaccine before challenging with Streptococcus pneumoniae, an encapsulated gram
positive bacteria, resulting in the prominent cytokine production and the more severe
sepsis compare with wildtype (25). These evidences suggested that the susceptibility
and severity of infection in FcyRllb deficiency as described in FcyRIIb-/- mouse model
reveal different results depends on the specific organisms. Meanwhile, the FcyRIlb
polymorphisms or deficiency showed less susceptible to some infection, the case
series in Chinese patients found that FcyRIlb polymorphisms are more susceptible to
cryptococcosis (17).

In addition, because FcyRIlb-/- mice are established as a lupus mouse model
that prone to spontaneous systemic lupus erythematosus (SLE) or lupus (31). However,
systemic lupus erythematosus (SLE) is the critical autoimmune diseases with multiple-
organ involvement induced by genetics and environmental factors (32, 33). Despite the
prominent immune activation against self-antigens in lupus, the defect of immune
response against several organisms is reported, even before the era of
immunosuppressive therapy (34). While the mechanisms of immunosuppressive
therapy induced the susceptibility to infection in patients with SLE have been reported
(35), the physiology responsible for spontaneous immunosuppression in lupus is still
unclear. As such, insufficient complement component and an immune exhaustion
have been mentioned as proposed mechanisms (34, 36).

Interestingly, cryptococcosis is a common systemic fungal infection found in
patients with lupus in endemic areas (17) and the defect of inhibitory signaling in
FcyRllb-/- mice enhances immune activation, protects from several organisms but
induces autoimmune responses (21, 23). However, FcyRIlb dysfunction is not the only
mechanism responsible for lupus. Thus, susceptibility against cryptococcosis in another
cause of lupus (environmental factor) is interesting.

Indeed, pristane-induced lupus model represents SLE from environmental

activation with normal genetic background which is different from genetic-defect



induced lupus of FcyRllb-/- mice. A single peritoneal injection of pristane (2, 6, 10, 14-
tetramethypentadecane), a hydrocarbon substance derived from shark liver oil, causes
chronic peritoneal inflammation and induces lupus characteristics (37).

Therefore, we hypothesized that FcyRllb associated with cryptococcosis
susceptibility by alteration of FcyRIlb-/- macrophages function. We then compared the
disease severity against C. neoformans in FcyRllb-/- mice without symptomatic of lupus
and wildtype counterpart to determine role of FcyRIlb function and cryptococcal
pathogenesis. Subsequently, we also investicated disease severity in mice with
symptomatic of lupus between pristane and FcyRIlb-/- mouse models. Information
regarding susceptibility to C. neoformans of lupus mice could be helpful for developing

clinical management guidelines in patients with lupus, especially in endemic areas.



CHAPTER Il
OBJECTIVES

Objectives of this study

1. To determine the severity of C. neoformans infection in FcyRllb-/- and wildtype mice

without symptomatic of lupus.
2. To characterize the FcyRllb-/- macrophage function in responding to C. neoformans.

3. To investigate the severity of C. neoformans infection in FcyRIlb-/- and pristane mice

with symptomatic of lupus.
Research questions

1. Does cryptococcosis in FcyRIlb-/- mice show the higher severity in comparison with

wildtype?

2. Does cryptococcosis severity in FcyRllb-/- mice associated with macrophage

function?

Hypothesis

Severe cryptococcosis in FcyRllb-/- mice associated with the alteration of macrophage

function.

Conceptual framework

Polymorphism or lack of FcyRIllb function in host associated with cryptococcosis

A 4

FcyRllb-/- mice infected with C. neoformans use as a model

High severity of cryptococcosis in FcyRIIb-/- mice

\4

Determine role of FcyRllb-/- macrophage in severity
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CHAPTER Il
LITERATURE REVIEW

1. Cryptococcosis

1.1 Etiologic agent

Cryptococcosis caused by encapsulated budding yeast belonging to the fungal
genus Cryptococcus (Figure 1). Cryptococcus neoformans and Cryptococcus gattii are
frequently found to be a causative agent in human disease (38). These pathogens are
classified in variety depend on capsule antigen and each variety consist of different
serotype. C. neoformans var. grubii (serotype A), C. neoformans var. neoformans
(serotype D), a hybrid type of C. neoformans (serotype AD,) and C. gattii consist of
serotype B and C. In addition, the PCR-restriction fragment length polymorphism of
URA5 gene divided C. neoformans and C. gatti into eight molecular types, VNI to VNIV
and VGl to VGIV, respectively (Figure 2). Cryptococcosis is an opportunistic fungal
infection; especially in HiV-infected patient. In  immunocompromised host,
C. neoformans var. grubii is a major cause of this disease (39, 40). However, C. ¢atti is
the most frequently described as an etiologic agent of cryptococcosis in HIV-uninfected
patients (10, 11). In addition, C. neoformans var. grubii also caused cryptococcosis in
HIV-uninfected patient without underlying disease in Vietnam (12, 13). Moreover,
cryptococcosis in HIV-uninfected patient of China found that the most of causative

agents were C. neoformans (from 84 patients) with only 1 C. gatti (41).



Figure 1. Cryptococcus neoformans with capsule surrounding by india ink

preparation under microscope (400x)

pathogenic Cryptococcus

v v

Species C. neoformans C. gatti

v v

Serotypes 1. A (var. grubii) 1.B
2. AD (hybrid) 2. G
3. D (var. neoformans)

Figure 2. The relationships and nomenclature of pathogenic Cryptococcus species

(42).

1.2 Prevalence and Epidemiology

Before HIV/AIDS epidemic (1980s), cryptococcosis was found in less than 200
cases world-wide (43). In 2009, there was patients with cryptococcosis more than
950,000 cases with 625,000 deaths per year (2) and a major form of this disease is
cryptococcal meningitis.

The high incident of cryptococcosis in HIV-infected patient with low CD4 T cells
suggested that T cells are major component in host defense against Cryptococcus

neoformans. However, not only CD4 T cells deficiency but also the importance of



other factors has been reported such as immunosuppressive drug (44), TNF-a inhibitor
(adalimumab) (45), pregnancy (46), liver disease (47), genetic causes (48, 49) and anti-
GM-CSF autoantibody is also associated with cryptococcal meningitis in healthy
individual (50). The studies of cryptococcosis in HIV-uninfected people have been
previously reported (10). In China, cryptococcal meningitis in HIV-uninfected patient
more cases than in HIV-infected (41). In HIV-uninfected patients, not only cryptococcal
meningitis was a major form of clinical manifestation but also found in disseminated
cryptococcosis(51). Moreover, cryptococcal meningitis in HIV-uninfected patients

revealed high mortality than in HIV-infection (52).

1.3 Pathogenesis

The natural reservoir of the genus Cryptococcus is pigeon feces and Eukalyptus
tree which could be found throughout Thailand. Cryptococcal infection could be
demonstrated locally as Cryptococcal meningitis or presented in a disseminated form
as refer to generalized cryptococcosis. Normally, the pathogenesis of the disease is
initiated by spore or desiccated yeast cells inhalation from the environment. In most,
yeast could reside in the lung in the granuloma form without clinical symptoms as
known as the latent stage. However, in some hosts with underlying immune
impairment, the latent stage could progresses into disease stage with disseminated-
form or target-organ (brain) infection in immunocompromise or immunocompetent

hosts, respectively (Figure 3) (3).
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Inhalation of desiccated yeasts or basidiospore
to pulmonary alveoli

Avian feces=C.neoformans .

Trees=C. neoformans, C. gatti s

‘ Phagocytosis by
/’alveolar macrophage

A v
Resolution, latency, pulmonary disease,

and/or spread to 1 or more sites

v

Dissemination to
central nervous system

Figure 3 .Cryptoccocal pathogenesis (42).

1.4 Virulence factor

The virulence factor of Cryptococcus neoformans include growth at 37 °C,
melanin pigment production, enzymes secretion (phospholipase B and urease) and
polysaccharide capsule have been previous described. Among these factors, the
polysaccharide capsule is the major virulence factor for C. neoformans infection. There
are many evidences suggesting that capsule is important in normal hosts defense
because the capsule consists of glucuronoxylomannan (GXM) which have many effects
in host immune responses (such as phagocytosis inhibition). In addition, fungal
containment in phagocyte is another critical factor for cryptococcal control of host
defense mechanisms. Therefore, abnormal function of macrophages or phagocytes
against GXM enhances the virulence of C. neoformans and their pathogenesis.
Moreover, this yeast pathogen could be replicated and survived inside phagocytic cell
(6, 53). Subsequently, it can live and disseminate both inside and outside of phagocyte,
so this characteristic uses to explain how to C. neoformans can enter to bloodstream

and central nervous system (CNS).
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2. Immunity to cryptococcosis

Several fungal species disseminated worldwide but only some species can
cause diseases in human (54). Only some fungi can survive at human body
temperatures (55) including Cryptococcus neoformans, most fungi could not infect in
immunocompletent host. Hence, cryptococcosis increases after HIV endemic and
immunosuppressive drug use. The normal immunity is enough to protect to
cryptococcosis but some of healthy individual are infected with this pathogen and
developed this disease. Therefore, the risk factors of cryptococcosis in
immunocompetent is interesting. The serological test found that 80 percentages of
children in urban environments were infected with C. neoformans without clinical
manifestations (56, 57). The initiation process of infection is the inhalation of spores (or
desiccated yeast) from environment into lungs (58). Subsequently, yeast cells interact
with alveolar macrophage or dendritic cell results in immune activation, fungal
clearance or restriction of infection within a granuloma that composed of mononuclear
phagocytes, histiocytes, and multinucleated giant cells surrounding the yeast cells (59).

The mouse model for cryptococcosis studies provide several evidences
associated with immunity to cryptococcosis as shown in table 1. The protective
immunity to control C. neoformans requires a balance of both T helper (Th) 1 and Th2
responses (60-62). The study by depletion of cytokines suggested that Th1 response is
essential to control cryptococcal infection. Actually, different mouse strains reveal
different susceptibility that correlate with balance of Th1/Th2 (63) and the presence
of C5 complement activation (64). Depletion of interferon gamma (IFN-y) and interlukin
12 (IL-12) (Th1 cytokines) enhances mouse mortality rate (65, 66), whereas loss of Th2
cytokines increases mouse survival (67).

Moreover, the unbalance of Th1/Th2 cytokine affect both g¢ranuloma
composition and fungal burdens (68). The predominant Th1 response improves mouse
survival but too much Th1 response cannot prevent brain dissemination (69-72). As
such, Th2 component is also essential for the effective immune response. The loss of
tumor necrosis factor a (TNF-a), major cytokine of Th1, does not affect mouse survival,

but TNF-a administration attenuates the disease severity (73). In addition, Th17 also
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plays an important role for mucosal immunity against fungi (74). But Th17 depletion
does not affect the disease outcome or the efficiency of vaccination (75).

Macrophages play an important role for controlling of cryptococcal infection.
In mice, alveolar macrophage depletion increases survival rate and reduces
cryptococcal dissemination, suggesting that alveolar macrophages promote fungal
dissemination (8). But the depletion in rat shows an opposite result (76), suggesting the
different interaction between C. neoformans and differences host. Both classical and
alternative macrophage activation are found in cryptococcosis mouse model (69). And
the granulomatous reaction may be associated with cryptococcosis host defense (77).
In mice, either excessive eosinophils or neutrophils is correlated with non- efficiency
to control cryptococcal infection (78, 79).

The active or passive antibody activation can trigger significant cryptococcal
protection (80). However, humoral immunity against cryptococcosis might be not
sufficient (80) despite the effective C. neoformans immunization (81-83). The
immunization with capsular manno-proteins increase mouse survival (81). The
constructive activation of IFN-y (a strong Thl-type cytokine) from modified C
neoformans strain (75, 84-86) is resulting in the complete protection (85). Currently,
there is a consensus agreement that host immunity against cryptococcosis depends
on an appropriate collaboration of Th1 cells with macrophages.

C. neoformans have an advantage property to evade the internalization by
macrophage. The evasion mechanisms are either capsule dependent or capsule
independent. The capsule-dependent evasion mechanism is phagocytosis inhibition
by capsule (87). The capsule-free mutant strain result in phagocytosis resistance (88)
suggesting the important role in diminishing epitope recognition (87). In addition,
binding of capsular polysaccharide to toll-like receptors 2, 4 and CD14 resulting in TNF-
alpha inhibition (89). The Fas ligand expression on macrophages was induced by the
fungi leads to cell apoptosis (90). In parallel, several capsule-independent mechanisms
have been mentioned. Secreted anti-phagocytic protein 1 (App1) bind to complement
receptor2 and 3 (CR2 and CR3) inhibits the complement-mediated opsonization (91).
Due to these evasion mechanisms, both non-phagocytosed and phagocytosed

C. neoformans can be survived in host.



13

Table 1. Role of immune components in mouse model of cryptococcosis

Result compared with wild-type when

Immune component Infection route References
immune component removed

TLR2 i.p. Decreased survival (92)
TLR4 i.p. No or limited effect (92, 93)
TLR9 i.n. Decreased survival (94)
C3 (A2 Decreased survival (95)
() i.v. Decreased survival (64)
CD36 (A2 Decreased survival (96)
Dectin-1 i.v. No effect (97)
Mannose receptor i.n. Decreased survival (98)

B cell i.v. No effect (99)
Macrophage i.v. Decreased survival (100)
Macrophage/dendritic it,iv Decreased survival (83)
Neutrophils it Increaseed surivival (78)
Eosinophils it,in Increaseed surivival (77, 79)
CD4+ T cells it Decreased survival (62, 101)
CD8+ T cells i.v. Decreased survival (62, 102)
IFN-Y v, it Decreased survival (65, 102)
TNF-OU it No effect (73)
IL-12 i.v. Decreased survival (67)
IL-18 in., it Decreased survival (94, 103)
IL-4 i.v. Increaseed surivival (67)
IL-13 i.n. Increaseed surivival (104)
IL-17 i.n. Important for early response (75)
IL-6 V. Earlier death (105)
IL-10 i.v. Decreased survival (105)

i.n.: intranasal; i.p.: intraperitoneal; i.t.: intratrachea; i.v.: intravenous
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3. Evidences of intracellular proliferation of C. neoformans

Cryptococcomas (yeast cell inside the granulomas) are found in autopsies with
histopathological examination (59, 106-108) and in mouse model (109). Cryptococcal
granulomas show the less inflammatory response than the granulomas of tuberculosis
(caused by Mycobacterium tuberculosis), suggesting that a dormant stage and
controllable of cryptococci., C. neoformans found in cytoplasm of giant cells or
macrophages in granulomas, while they are found both inside and outside of the cell
in the absence of granulomas (108). CD4 T cells are demonstrated in the lesion of
immunocompetent host and in animal models [rats (109), mice (110, 111), and rabbits
(112)]. In mouse model, C. neoformans is rapidly ingested by phagocytes and found
intracellular and extracellular yeast cell during the first 24 h (111). At day 7, the
intracellular yeast was found with formation of granulomas. At day 28, most yeast cells
were found within multinucleated giant cells. In this model, the budding index of
intracellular was higher than extracellular, lead to hypothesize that C. neoformans
prefer intracellular growth. Therefore, both early infection and long-term persistence,
this yeast cell involved with macrophages, these indicated the importance of
intracellular life-cycle of C. neoformans within macrophage (111).

In animal model, fungal survival within macrophages allows the fungus to
persist in tissue. In C. neoformans infection model, rats are more resistant than mice,
but both rat and mice have provided contrast results. Rat is resistant to cryptococcosis
with a more effective macrophage killing activity via increased production of lysozyme
and reactive oxygen species (ROS) (76, 109). In rat, C. neoformans resistance is
associated with a strong Th1 response with sufficient Th2 component (68). To control
the infection, rat develop granulomas containing eosinophils however rats with an
excessive Th1 response develop more inflammatory granulomas with central necrosis
and caseation. Prominent extracellular yeast presented in early phase of the infection
and increased intracellular yeast with reduced fungal burden is found after granuloma
formation (113). Moreover, the evidence that macrophage depletion prevents C
neoformans dissemination into mouse brain has been described (8, 9).

Therefore, macrophages are essential for cryptococcosis especially for brain

dissemination. As such, C. neoformans prefer growth within murine macrophages
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because they can be survived within acidic environments of phagosome. A mutate C.
neoformans that survived only intracellular environment still shows the virulent in
natural killer and T cell depleted mice, indicating that yeast virulence occurs from the
intracellular compartment (8). In addition, depletion of alveolar macrophages delayed
mouse death, supporting the idea that the macrophages are a niche for intracellular

survival of C. neoformans (8).

4. The intracellular life cycle of C. neoformans

4.1 Fungal entry and recognition

The a-glucans, B-glucans, and chitin are fungal cell wall composition and are
recognized by pattern recognition receptors (PRR) that found on the immune cells.
However, fungal capsules polysaccharide has an antiphagocytic property to prevent
phagocytosis. Without opsonin, there is no effective phagocytosis of this funsus.
Because acapsular C. neoformans stain is easily ingested via complement receptors
and/or B-glucan receptors (114). Therefore, capsule hides out most of the fungal PRR
ligands resulting in decreased phagocytosis activity of immune cells (115, 116) (Figure
4). Actually, antibody and complement as opsonin are essential for the effective
phagocytosis, in vitro (117).

C. neoformans are rapidly ingested due to the opsonin in vivo. Mice with
complement-deficiency are highly susceptible to cryptococcal infection (64, 95). On
the other hand, C. neoformans spores are no capsule, so their surfaces expose more
B-slucans than the yeasts cell surfaces. Therefore, if spores act as infectious particles,
Dectin-1 and other B-glucan PRR may be easily activated (8) and resulting in rapid
ingestion. The PRRs of C. neoformans include; Dectin-1, Toll-like receptor 2 (TLR2), Nod
like receptors and several scavenger receptors that could recognize B-glucans of fungal
cell wall. Additionally, CD36 and scavenger receptor F1 (SCARF1) are responsible for
immune cell binding of C. neoformans in the mouse lung (96).

In summary, mannose receptor, complement receptors, CD36, SCARF1, TLR2,
and TLR9 are all crucial receptors for C. neoformans recognition in lung, and the cross-

talk between multiple PRRs is necessary for maximal immune response. However, non-
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immune cells might important for C. neoformans recognition as IL-8 secretion by

epithelial cells has been demonstrated (118).
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Figure 4. The recognition of Cryptococcus neoformans by immune cells. FcR, Fc

receptor; MR, mannose receptor; TLR, toll-like receptor (116).

4.2 Phagocytosis of C. neoformans

Despite anti-phagocytosis properties, the yeast cells are found intra-cellularly
of phagocyte after a few hours of infection (111) suggesting the counter effect of this
property. Two counter mechanisms are previously explained; i) complement or
antibody opsonization (opsonin-dependent phagocytosis) and ii) direct phagocytic
receptors against capsules (opsonin-independent phagocytosis).

4.2.1 Opsonin-dependent phagocytosis

Both antibody and complement are opsonin for induce phagocytosis of C.
neoformans. Antibody-mediated phagocytosis involves in binding of Fc portion of
antibody to Fc receptor of phagocyte. Several factors affect with the efficiency of
antibody-mediated phagocytosis such as the binding patterns and antibody isotypes

(119-121). For the complement-mediated phagocytosis, cryptococcal capsule can
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activate complement via alternative pathway, results in C3b deposit on capsule (122,
123), that induces phagocytosis via complement receptors (CR) such as CR3 (117, 124).
However, some strains of C. neoformans cannot be phagocytosed through
complement (125). Many evidences suggest that the effective of phagocytosis via
complement system depends on the size of capsule (126).

4.2.2 Opsonin-independent phagocytosis (direct interaction of capsule with
phagocyte receptor)

The capsule prevents the interaction between receptors of phagocyte and
fungal epitope resulting in phagocytic activity evasion. However, some studies report
the interaction of capsule by some receptors. In the IgM mediated phagocytosis, this
isotype bind to capsule of C. neoformans, rearranges polysaccharide structure and
expressed the capsule epitope that is recognizable by complement receptor and CD18
(117). Another study found that Fab fragments not only opsonize encapsulated yeast
cell but also inducing the binding of CR3 and capsule (127). In addition, FcyRIlb binds
with capsule trigger the inhibitory signals results in unresponsiveness of immunity (90,
128). GXM on capsule binds to toll-like receptors (TLR2, TLR4) and CD14 induces
macrophage activation (129). Finally, dendritic cells directly recognize capsule via

mannose receptor that could induce C. neoformans uptake (128).

4.3 Survival of C. neoformans in macrophage

Phagocytosis  mechanism internalized organisms into phagosome and
phagosome-lysosome fusion (phagolysosome formation) induces the acidic pH with
hydrolytic enzymes to kill pathogens (130).

The intracellular pathogen survives or adapt to the phagolysosome stress-
environment. Cryptococcus neoformans replicated faster intracellular macrophages
than the outside cell (131) despite the acidic pH (132). Surprisingly, increased
phagolysosome pH results in reducing of intracellular replication. Therefore, C
neoformans prefer growing at intracellular acidic environment. Inositol phosphoryl
ceramide synthase-1 mutant of Cryptococcus neoformans (acidic pH susceptible strain)
reduces the intracellular proliferation property (133). The alteration of the fungal

burdens, inside and outside of the host cell, is also demonstrated. Most of the yeasts
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are found inside macrophage at 8 h of incubation (8 h) but found mostly outside the
cell at 16-24 h (111).

Several mechanisms that allow the pathogen survive inside the host cell, such
as inhibiting fusion of phagosome and lysosome. Large phagolysosomes with C
neoformans results in phagolysosomes leakage (134, 135) with pore formation
observed by electron microscope at phagosome membrane (7). Additionally,
intracellular C. neoformans reduces nitric oxide production of phagocytic cell (136)
that is an important killing mechanisms.

Thus, capsule is the major virulence factor of C. neoformans to avoid killing
and interfering normal macrophage functions. Several evidences reported that capsule
reduces the host immunity in several levels (126) and is required for survival within
host cell. As such, the mutant strain without capsule cannot proliferate inside
macrophages (111). In addition, laccase enzyme is another factor for avoiding killing
activity. The enzyme catalyzes melanin formation on fungal cell wall (137) and melanin
(and other anti-oxidant enzymes) protects against reactive nitrogen and oxygen species
(138-140). C. neoformans mutant strain that lack of laccase shows the less virulence
(141).

In summary, C. neoformans has several mechanisms include capsule, melanin
and anti-oxidant enzymes for resistance against the stress environment resulting in the

advantage on survival and replication within macrophage.

4.4 C. neoformans and macrophage interaction after phagocytosis

C. neoformans survives and replicates inside the macrophages as previous
described. This leads to the several interactions between yeast and macrophage.
4.4.1 Macrophage fusion and division

While macrophage proliferates with different conditions (142-144), C
neoformans acts as a facultative intracellular pathogen and survives intra-cellularly.
Unsurprisingly, the division of infected macrophage results in the increase pathogen
dissemination and enhances the disease severity (145). Moreover, after macrophages

division, C. neoformans can accumulates to perform in a larger group of fungi (145).
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4.4.2 Expulsion from macrophage (vomocytosis or nonlytic exocytosis)

C. neoformans have ability to exit from macrophages which result in an
increasing of fungal burden in tissues of host. The several mechanisms that contribute
to fungal escape from the macrophage have previous explained. C. neoformans causes
macrophage-lysis by multiple divisions inside macrophage (5, 53). Or yeasts are able to
exit the macrophages without killing the phagocyte (6, 146, 147). This mechanism
called vomocytosis or nonlytic exocytosis or extrusion (148). These mechanisms found
in macrophage of mice and human. The experiment by real-time imaging show that
nonlytic exocytosis depends on viability of yeast (6). Moreover, the opsonization of
yeast with monoclonal antibody were more often removed than by complement (6).
The phagosome extrusion was not associated with actin rearrangements (6, 146). A
recent study show that nonlytic exocytosis is observed using flow cytometry
techniques (149), and found in both in vitro and in vivo.

4.4.3 Lateral transfer by macrophage

The yeast transfer between macrophage and other cells have been described
only in live cryptococci (150, 151). Conversely to the extrusion, yeast transfer among
macrophages (called lateral transfer) depends on actin rearrangement (151). This event
may occur during latent stage and allow the yeast to hide from the protective immune

response and from antifungal agents (151).

5. Importance of intracellular life-cycle of C. neoformans toward disease
virulence

Several evidences suggested that C. neoformans can avoid macrophages killing.
This property is important to the development of cryptococcosis. The studies in several
hosts demonstrate that cryptococcosis susceptibility correspondences with
intracellular yeast proliferation. Mice are more susceptible to the infection than rats
(113). Rat macrophage shows the more antifungal activity than mouse macrophage
(76). In addition, different mouse strains have the different cryptococcal susceptibility
due to the diverse phagocytosis activity in each strain (63). The susceptibility against
Cryptococcus gattii also depends on intracellular proliferation that vary in different

mouse strains (11).
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More importantly, the association of intracellular proliferation and clinical
outcome of cryptococcosis is previous described (152). The clinical outcomes such as
yeast clearance from cerebral spinal fluid (CSF) is strongly correlated with in vitro
phagocytic indexes (152). The cryptococcal isolates with high intracellular proliferation
results in significantly increased mortality. In contrast, infected patients with the
isolates of low intracellular proliferation property shows the lower clinical severity

(153) (Figure 5).
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Figure 5. The virulence of clinical isolates of C. neoformans was assessed by flow

cytometry following interaction with macrophages (153).
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5.1 Cryptococcal replication and dissemination

The survival of intracellular and extracellular C. neoformans associates with
cryptococcosis disease progression. The yeast strains that can replicate inside the host
cell associate with the worsen cryptococcosis (8). In mice, the macrophage depletion
by clodronate injection results in decrease fungal burdens in lung, but the depletion
in rats increases fungal burdens and correlates with the resistance macrophage killing
activity. In parallel, clodronate-treated mice decrease fungal burdens in brain (8, 9).
These evidences indicated that C. neoformans survives and replicates within
macrophage and disseminate to other organs by macrophage.

C. neoformans can cross blood brain barrier (BBB), an important step of
cryptococcocal meningitis development, through several mechanisms. The first
mechanism associates with individual yeast cell or free yeast cross the biological
barriers. The intra-vital microscopy shows that this fungus have ability to pass
endothelial cell as refer to “transcytosis” (154). These yeast cells are internalized by
endothelial cells and pass through the cell cytoplasm into brain (155).

Another mechanism is crossing BBB by staying inside macrophage as called
“Trojan Horse” dissemination model (130, 156). The Trojan Horse theory explained
that live yeast cells travel to other organs inside macrophage, avoiding from the
immune system (157) (Figure 6). Likewise, mice injected with infected macrophages
that contained intracellular C. neoformans in vitro results in the higher level of fungal

burdens (9, 158).
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Figure 6. Interactions of C. neoformans with phagocyte and cryptococcal

dissemination cross the blood-brain barrier (158).

5.2 Cryptococcal latency and reactivation

The persistence and development of latent state with asymptomatic
manifestation are the important characteristics of C. neoformans. The latent state
transit to disease state is an important event to development of cryptococcosis in
immunosuppression. Factors contribute to the latent state are still unknown. A recent
study indicates that this fungus develops the giant cells that resists to stress
environment and stay in the host for long time periods (159, 160). Additionally, the
ability to survive intracellularly of C. neoformans protects the fungi from immune
system and antimicrobial agents so that they are dormant in the host. Rats are resistant
to cryptococcal infection so they are suitable for the observation of persistent and
latent state (76). In early phase of the infection in rat, fungal burdens in lungs increase.
At the late phase, the burdens decrease but stay positive for months, without any
disease manifestation. In chronic infection in rat, most of yeast cells are found

intracellular (epithelium and macrophage) in the latent stage (109). Moreover,
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corticosteroid administration results in cryptococcal reactivation in rats (109) that
resulting in the increased extracellular fungal burdens (109). In human, latent infection
and reactivation can be demonstrated by the detection of cryptococcal antibodies in

childhood with the periodical re-activation together with the latent state (56).

6. Genetic susceptibility to cryptococcosis

Although some HIV-infected patients develop cryptococcal disease due to CD4
T cell deficiency, healthy individual can also develop this disease. Therefore, other risk
factors might be associated with cryptococcosis. The postulation that host genetic
background maybe impacts disease susceptibility because polymorphisms can affect
the expression of several genes in host in response to infection. However, small

amount of evidences have been reported for this hypothesis (14).

6.1 Mannose binding lectin (MBL) polymorphisms

MBL is a circulating C-type lectin that recognizes glycans on surfaces of
microbial pathogen to induce opsonization and complement activation via lectin
pathway. The complement activation results in the induction of inflammatory
response. MBL is encoded by mbl2 gene with 6 single nucleotide polymorphisms
(SNPs) which resulting in MBL deficiency. Indeed, MBL deficiency associates with an

increase cryptococcosis susceptibility in HIV-uninfected individuals (161).

6.2 Fc gamma receptor polymorphisms

Fc eamma receptor (FcyR) is found on surface of the immune cells such as
macrophages, neutrophils and B cells. The function of FcyR is binding to
immunoglobulin G (IgG) and triggering the immune response or inflammatory response
(162). The association of FcyR polymorphisms and autoimmune diseases or
susceptibility to infections (163, 164), such as cryptococcal infection, have been
reported (15-17).

FcyRlla 131H/R polymorphism results in amino acid change from histidine (H)
to arginine (R) at amino acid of position131. FcyRlla 131H-allele shows more effective

lgG-binding property than 131R-allele. Thus, macrophages with high FcyRlla 131H
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expression show higher phagocytosis capability (18, 19). The correlation of FcyRlla 131R
in HIV-uninfected and organ transplanted patients with cryptococcosis have been
reported (16). It is postulated that the ineffective phagocytosis of immune complex
resulting in a higher susceptibility to cryptococcal infection in FcyRlla 131R donors (16).
Nevertheless, there is no association between the risk of cryptococcosis and FcyRlla
131H/R polymorphism in either HIV-infected or non-HIV infected populations (15, 17).

FcyRllla 158F/V polymorphism results in amino acid change from phenylalanine
(F) to valine (V) at position 158. Both non HIV-infected (16) and HIV-infected individuals
(15) with FcyRllla 158V polymorphism shows the higher risk of cryptococcosis because
of the higher phagocytosis activity (15). These results suggest that 158V polymorphism
induces C. neoformans-IgG complexes binding, improves phagocytosis (Trojan horse
mechanism) and enhances yeast dissemination (14, 15). Surprisingly, there is an
association between FcyRllla 158F/V polymorphism and cryptococcosis in Caucasian
(17) but not in Chinese (15, 16).

It is interesting to note that FcyRllb is the only inhibitory receptor among other
FcyRs. The suppression of phagocytosis and inflammatory cytokine production are
demonstrated after FcyRllb activation. FcyRIlb presents on most of the immune cells
including macrophages, mast cells, neutrophils and B cell but not on T cell and NK
cells. FcyRllb 232T/T is a risk factor for developing SLE and is resistant to malarial
infection (20). In the Chineses study, an association between FcyRllb 232l/I and

cryptococcal meningitis is demonstrated (17).

7. Fc gamma Receptor

Due to the negative and positive regulation of Fc gamma receptors, the co-
ordination of these receptors determines the direction of immune cell. With positive
signals domination, the cell process is directed into the pro-inflammatory responses.
With negative signal predomination, the cell process run toward the anti-inflammatory
response. The balance between different families of Fc gamma receptor provides a
well-balanced of immune response (165). In some patients with systemic lupus
erythematosus (SLE) (an autoimmune disease with autoantibody production), there

might be the abnormal expression of FcyRIlb (the inhibitory receptor) resulting in hyper-
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immune response and auto-immune activation. Low expression and dysfunction of
FcyRIlb contributes to the pathogenesis of SLE in some patients and might associated
with the susceptibility of some infections (20).

Therefore, FcyRs are associated with the regulation of immune response both
innate and adaptive immunity that makes these receptors as the interesting targets for
the development of new therapeutic procedure.

7.1 The family of Fc gamma receptors

In general, the FcyRs consist of two classes depend on cell signaling pathway.
Firstly, the activating receptors characterized by the presence of an immunoreceptor
tyrosine-based activation motif (ITAM) sequence. Secondly, the inhibitory receptor
characterized by the presence of an immunoreceptor tyrosine-based inhibitory motif
(ITIM) sequence (165, 166). These two classes of receptors are coordinate of their
function and are usually co-expressed on cell surface. Because activation and
inhibitory receptors bind IgG with comparable affinity and specificity (17, 20), the
engagement of both signaling pathways regulate a multitude of innate and adaptive
immune responses.

However, classification of FcyRs by structure of these receptor in mice consists
of FcyRI, FcyRIlb, FcyRIland FeyRIV (165). And in human contains FcyRl, FcyRlla, FcyRllb,
FcyRllc, FcyRllla and FeyRlllb (Figure 7).
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Figure 7. The family of Fc egamma receptor (165).

Based on the genomic location and similarity of these sequences in the
extracellular portion, mouse FcyRIV and FcyRlIll is the orthologue and closely related
to human FcyRIIIA and FcyRIIA, respectively. Because of the difference between mouse
and human, there is some concerns for the translation of the data from animal studies
into human conditions (166).

Additionally, the 1gG subclasses consist of 1gG1-1gG4 (in human) and 1gG1, 1gG2a,
1eG2b and 1gG3 (in mice) that bind with various affinity and specificity to different FcyR
receptors. Actually, the IeG subclasses in different species show some variations among
organism. In humans and mice, the most pro-inflammatory IgG subclasses are 1gG1,
IsG3 and 1gG2a, 1gG2b, respectively and mice 1gG2a, 1gG2b show more activity than
mouse 1gG1 and 1gG3 in several murine models (165). FcyRla is the only high-affinity
receptor in both mice and humans. This receptor binds IgG2a in mice or IgG1 and 1gG3
in humans with an affinity of 10%-10° M. However, other receptors have a 100-1000
fold lower affinity in the low to medium micromolar range and show a broader IgG
subclass specificity.

Accordingly, FcyRs are found on surface of the immune cell. In mice, monocyte

and macrophages found both activating and inhibitory FcyRs, neutrophils found mainly
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the inhibitory FcyRIlb and the some activating FcyRIll and FcyRIV, dendritic cell found
FcyRI, FcyRllb and FcyRlIll on the cell surface. There are two cell types that do not co-
express activating and inhibitory receptors: NK cells only express only the activating
receptor (FcyRIIl) whereas B cells only express the inhibitory receptor (FcyRllb). The
function of FcyRllb on B cells is an important regulator of activating signals that are
triggered by B cell receptor (BCR).

However, FcyRllb is conserved in mice and humans and is the only inhibitory
receptor among Fc gamma receptor family. This receptor transmits inhibitory signals
via an ITIM that contained in cytoplasmic region. All other activating receptors, except
human GPl-anchored FcyRIllb, activate the signal through ITAM in their cytoplasmic
regions (167). Therefore, the study of FcyR function in murine model is valuable to
translate the role of FcyR activity, especially the FcyRIlb which is similar between

human and mouse.
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Figure 8. Schematic representation of an activating and inhibitory Fc gamma

receptor (167).

7.2 The functions of FcyRIlb

The main function of FcyRllb is to inhibit activating signals by engagement of

FcyRllb with either activating FcyR or with the BCR by immune complexes. The
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inhibitory functions of FcyRIlb are well studies in B cells and other immune cells (41).
Engagement of the BCR with FcyRIlb inhibits BCR signaling and downstream signaling
response. The first step in FcyRllb signaling is phosphorylation of ITIM by Lyn protein
in the cytoplasmic domain of FcyRIlb. This process results in the SH-domain-containing
inositol phosphatases (SHIP) recruitment. SHIP plays a major role to hydrolyze
phosphatidiylinositol-3,4,5-triphosphate  (PI(3,4,5P3) into phospatidylinositol-3,4-
bisphosphate (PI(3,4)P2) that leads to the blocking membrane translocation of PH
domain containing molecules Btk and PLCy reducing BCR-mediated calcium
mobilization and protein kinase C activation (167).

In macrophages, co-ligation of FcyRIlb with other FcyRs results in the reduction
of FcyR mediated phagocytosis and cytokine release such as tumor necrosis factor
(TNF)-ae and interleukin-6 (IL-6). In other immune cells, FcyRllb co-ligation with IgE
receptor inhibits various characteristics of mast cell and basophil function such as
reduction of degranulation and histamine releasing. In mouse neutrophils, an
engagement of FcyRllb results in the inhibition of phagocytosis, production of
superoxide and reduction of neutrophil adhesion, rolling and migration (20). In murine
model, mice that knockout fcyriib gene (FcyRIlb-/-) result in spontaneous autoimmune
disease with autoantibody production (31) and shows the different responses toward

various pathogens (21-30).

8. FcyRllIb and microbial infection

An association of FcyRllb and microbial infection including bacteria, parasite
and virus infection have previously described (21-30) (Table 2). Claworthy et al.
hypothesized that people with the FcyRIlb polymorphisms are less susceptible to
malaria. This is supported by is the less severe Plasmodium spp. infection in FcyRIlb-
/- mice in comparison with the wild-type due to the enhanced phagocytosis of
Plasmodium spp. (21). FcyRIlb-/- mice show enhanced Mycobacterium tuberculosis
phagocytosis, attenuate disease severity and increase T helperl cell response in
comparison with wildtype (23). In the study of Staphylococcus aureus infection model,

FcyRllb-/- mice enhance protection against a primary infection with S. aureus by
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increase survival rate, IL-10 level and increase phagocytosis in granulocyte and
monocytes as compared to control mice (22).

The in vitro study of Streptococus pneumonia, a gram positive bacterium with
capsule, reveals that macrophages from FcyRIlb-/- mice infected with opsonized
S. pneumoniae result in increasing of phagocytosis and inflammatory cytokines.
Subsequently, infected FcyRIlb-deficient mice showed increase survival from
streptococcal peritonitis (25). In contrast to previous model, FcyRIlb-/- mice
preconditioning with pneumococcal vaccine before challenging with S. pneumonia,
resulting in the prominent cytokine production and the more severe sepsis compare
with wildtype mice. A murine model with FcyRIlb overexpression on macrophages (but
not B cells) demonstrates the high susceptibility toward pneumococcal peritonitis and
pneumonia (25, 168).

In contrast, FcyRllb does not essential for the phagocytosis of Salmonella
typhimurium (26) and Francisella tularensis, an intracellular gram negative bacterium,
with in vitro experiments and the immunization with Plasmodium berghei vaccine
before inducing infection does not worsen the natural course of the disease (27).
Moreover, the preconditioning with inactivated F. tularensis before introducing
infection attenuates disease severity in FcyRIlb-/- mice (24).

Additionally, there are a few studies in viral infection associated with FcyRillb.
In FcyRllb-/- mice infected with human papilloma virus-like particles showed that
dendritic cell reduced uptake of particles and reduce antiviral antibody and T cell
response (28). The cross-linking of FcyRIlb with dengue viral immune complex inhibits
the immune complex-uptake (29). Porcine reproductive and respiratory syndrome virus
(PRRSV) bind with FcyRIlb in pulmonary alveolar macrophage resulting in the up-
regulation of mMRNA level of IFN-a, TNF-a but not IL-10 (30).

Therefore, the infection susceptibility of host with FcyRIlb deficiency depends
on the specific organisms. Meanwhile, the FcyRllb polymorphisms or deficiency showed
less susceptible to some infections, the case series in Chinese patients found that

FcyRllb dysfunction-polymorphisms are more susceptible to cryptococcosis (17).
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Table 2. FcyRIlb /- mice with microbial infection model.

Model Microbe Results References
FcyRllb -/- Plasmodium less severe than wildtype due (21)
mice falciparum to the enhanced phagocytosis

FcyRIlb -/- Mycobacterium enhanced Mycobacterium (23)
mice tuberculosis tuberculosis phagocytosis,

attenuate disease severity in

comparison with wild-type

FcyRIlb -/- Staphylococcus enhance protection against a (22)
mice aureus primary infection with S.
aureus by increase survival
rate, IL-10 level and increase
phagocytosis in granulocyte
and monocytes as compared

to control mice

FcyRllb /- Streptococus the prominent cytokine (25)
mice pneumonia production and the more
severe sepsis compare with

wildtype

9. Systemic Lupus Erythematosus (SLE) and infection

Systemic Lupus Erythematosus (SLE) is the autoimmune disease with
predominant auto-antibody due to the defect of self-tolerance processes. The
circulating immune complex deposition in several organs cause multiple organ
injury(32). SLE is one of the important health care problems in Asia region due to the
possibility of the patients with severe disease and chronic condition lead to economic
burden of the region. The current diagnosis of SLE followed American College of
Rheumatology (ACR) 1997 including, anti-nuclear antibody (ANA) positive more than
1:160 plus at least 4 of clinical symptoms in different organs (32). The cause of SLE is
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unknown but involved in multi-factorial including genetic and environmental factors.
Despite several advance in therapeutic strategies, infection is still a major cause of
morbidity and mortality among SLE patients (169-172). The understanding of the
immune response to the severe infection in SLE patients will lead to the proper
treatment strategies.

Infections are the leading causes of mortality and morbidity in patients with
SLE (173-178). It is estimated that at least 50% of SLE patients suffer from severe
infectious episodes during the course of the disease (179). Moreover, leading cause of
death in SLE patients was infectious complications which accounted for 20-55% of all
causes in worldwide literatures (169, 180, 181) and approximately 51.7% in Thailand
(182). Patients with SLE are susceptible to not only common but also opportunistic or
uncommon microorganisms. Several immunological aberrations of SLE responsible to
the higher susceptibility to infections such as phagocytosis defect (174, 183) cellular
mediated immune response alteration (184), reduced effective immunoglobulin
production (185), low complement levels and ineffective elimination of
microorganisms by reticuloendothelial systems and spleen (186, 187). Furthermore,
steroids and immunosuppressive therapy for SLE treatment give rise to increased risk
of infections as well. Bacteria, virus, protozoa and fungi are considered the main cause
of infection in SLE (188-191). Interestingly, there has been a debate regarding to the
susceptibility of infection in SLE is responsible from the immunosuppressive drugs used
for the treatment or due to the genetic defect itself (20, 21, 192-195).

Nevertheless, the data of SLE patients without treatment are very limited
due to the limitation regarding to the ethic for the available proper therapy. Then the
animal studies should be able to fulfill this gap of knowledge. Moreover, a better
understanding of the spectrum of pathogenic agents involved in infections in SLE
patients is crucial for the optimal management of these patients.

The prevalence and incidence of SLE in Asian-pacific is high compare with
other world regions (196). Several genetic abnormality in SLE have been published,
however, only few of the single gene defects are associated with SLE, such as
complement deficiency (C1, C2, C4) and FcyRllb deficiency (33). The defect of FcyRllb,

inhibitory signal, leads to adaptive immune response hyper-responsiveness and
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autoimmune disease. Accidentally, the prevalence of FcyRllb polymorphism is also
common in Asia especially in Thai, Chinese and Japanese (193, 194, 197, 198).

Moreover, FcyRIlb polymorphisms are associated with SLE in Thai (195, 197).
The study of FcyRIlb might be appropriate for Thai SLE characters. The reason for the
high prevalence of FcyRIlb polymorphisms in Asian is explained, at least in part, by
the natural selection of malaria in the region (21).

Hu et al. (2012) reported the associations between cryptococcal meningitis
and SLE patients with FCGR2B 232I/T polymorphism, suggested the importance role
of FcyRIlb in SLE. They concluded that FcyRllb genetic polymorphism contribute to
the susceptibility of cryptococcal meningitis (17). Recently, Chen, et al, (2007) was a
retrospective review of 18 SLE patients with invasive fungal disease compared to
Mycobacterium and other bacterial infections. They showed that half of the patients
with invasive fungal infection caused by Cryptococcus spp., mostly found in lungs and
central nervous system or with a disseminated disease. Patients with invasive fungal
disease were younger with shorter disease duration and higher doses of
immunosuppressive drugs (199). Yang, et al. (2007) also found that etiology of CNS
infection in SLE is C. neofornans about 31.6% in Shanghai, China (200).

The Fc gamma Receptor llb deficient mice (FcyRllb-/-) is one of the established
SLE model (31). Together, the study in SLE mouse model is more proper than the
human studies due to several limitations and confounding factors in patients. The
mechanistic studies of infection in Fc gamma Receptor llb deficient (FcyRllb-/-) SLE
mouse model will increase the understanding of the pathophysiology of infection in
SLE.

In addition, regarding pristane induced lupus model, pristane (2,6,10,14-
tetramethylpentadecane) is a hydrocarbon naturally found in shark liver oil that could
induce profound inflammation after intraperitoneal injection (201). Injection of
pristane leads to increase serum auto-antibodies (anti-histone, anti-dsDNA, etc.) at 4-
6 months after injection (37). The proposed pathophysiology of pristane induced
lupus is through the strong immune responses intraperitoneally as multiple oil

droplets with lymphoid like-tissue demonstrated in pristane mice. It is postulated that
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the vigorously activation of type 1 IFN due to TLR-7 activation is the most important
mechanism.

Therefore, we aim to use the FcyRllb-/- and pristane induced SLE mouse
model to compared cryptococcosis severity between these mice. This knowledge will
allow us to understand the susceptibility of fungal infection in SLE patients and

hopefully lead to the more proper management in such patients.



CHAPTER IV
MATERIALS AND METHODS

1. Cryptococcus neoformans and animal preparation

Cryptococcus neoformans was isolated from a patient sample (Mycology Unit,
King Chulalongkorn Memorial Hospital), identified by morphology, together with urease
production and melanin synthesis (L-3, 4-dihydroxyphenylalanine or DOPA test) and
stored in Sabouraud Dextrose Broth (SDB) with glycerol and glass bead at -80°C. Before
conducting all of the experiments, C. neoformans was subcultured on SDB at 37°C for
24h and number of yeast cell was counted by hemocytometer. The FcyRllb-/- mice
were available for our research unit due to the connection with the National institute
of health (NIH), Maryland, USA. Female C57BL/6 wild type mice, age-matched to
FcyRllb-/- mice, were purchased from the National Laboratory Animal Center,
Nakornpathom, Thailand. FcyRIlb-/- mice genotyping was confirmed by Polymerase
Chain Reaction (PCR) as previous publication and in appendix B (202). The animal
protocols, in accordance with the US National Institutes of Health (NIH) animal care
and use protocols, were approved by Faculty of Medicine, Chulalongkorn University
followed the NIH criteria. Because FcyRllb-/- mice are prone to spontaneous
autoimmune disease or systemic lupus erythematosus (SLE) or lupus when the age
upto 3 month (31), therefore, FcyRllb-/- mice were observed for clinical manifestation
of lupus by anti-dsDNA antibodies in several age range (appendix B). In this study, we
investigated cryptococcosis susceptibility in FcyRllb-/- mice either asymptomatic or

symptomatic of lupus and in pristane-induce lupus mice.

2. Cryptococcus neoformans injection model

To determine the severity of cryptococcosis in the absence of FcyRlIlb receptor
without effect of symptomatic by Lupus, Female 8-week-old of FcyRllb-/- and C57BL/6
wildtype mice were used. Mice were injected, via tail vein, with 1x10° yeast cells
diluted in 200 ul of PBS. Survival analyses were evaluated by recorded observation

every 24h after C. neoformans injection then mice were sacrificed at 90 days later or
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reaching the moribund stage, determined by the inability to walk after the touch
stimulation. In parallel, to evaluate the severity of infection at the certain duration
after fungal administration, mice were sacrificed at 2 weeks after fungal administration.
At 2 days before fungal administration, blood was collected through tail-vein nicking
for the baseline serum with simultaneous spot urine collection. At the time of
euthanasia, blood was collected through cardiac puncture under isoflurane anesthesia
and internal organs (brain, lung, kidney, liver and spleen) were fixed with 10% formalin
for histology or processed for fungal burdens experiments (details later). However, the
study in either FcyRIlb-/- symptomatic lupus mice (24-week-old) or pristane mice and
age-matched wild-type control were also injected with C. neoformans and experiment

was performed as previous decribed above.

3. Histology study

For histology, the tissue samples were fixed in 10% formalin and embedded in
paraffin; 4-um sections were stained with haematoxylin and eosin colour (H&E) and
Grocott's silver stain (GMS) for C. neoformans identification (appendix D). Quantitative
measurement of the fungal infection area was performed by 2 blinded observers.
Fields (10 selected randomly) were examined at 200x magnification, with the following
criteria: 0, no fungi; 1, area of fungal infection <25%,; 2, infected area involving 25-50%

of the field; and 3, infected area > 50% of the field.

4. Fungal burden investigation

For measuring the internal organs fungal burdens between infected FcyRIlb-/-
and wild-type mice, the organs were weighed and homogenized then the
homogenized organs were plated in a serial volume onto Sabouraud Dextrose Agar

(SDA) at 37°C and counted for fungal colonies at 48 h later.

5. Blood, urine chemistry and cytokine analysis
To determine SLE manifestation in mice, kidney injury was determined by
serum creatinine (Scr) (QuantiChrom Creatinine Assay, DICT-500, BioAssay, Hayward, CA,

USA), and liver injury was assessed via alanine transaminase levels (ALT) (EnzyChrom
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ALT assay, EALT-100, BioAssay). Serum total protein and urine protein were measured
by Bradford protein assay (Thermo Scientific, USA). Urine protein creatinine index
(UPCI), a representative of 24 h urine protein, was determined by the following
equation; UPCI = spot urine protein/spot urine creatinine. Cytokine measurement (TNF-
a, IL-6 and IL-10) in serum and supernatant media were measured using ELISA assays

(eBioscience, San Diego, CA, USA).

6. Anti-dsDNA antibody detection.

Calf DNA (Invitrogen, Carlsbad, CA, USA) coated on 96-well plates was used for
measuring anti-dsDNA antibodies, following a previously published protocol (203). In
brief, the plates were coated with calf DNA at 100 pg/well and incubated overnight at
4 °C. The plates were dried, filled with 100 pl/well of blocking solution, incubated at
room temperature for 1.5 h and washed. Subsequently, mouse serum samples at 100
pl/well were added and incubated for 1 h. Then, the plate was washed, incubated
with peroxidase-conjugated goat anti-mouse antibodies (BioLegend, USA) at 100
ul/well at room temperature for 1 h, washed and developed with ABTS peroxidase
substrate solution (TMB Substrate Set; BiolLegend) for 10 min in the dark. Finally, the
stop solution (2 N H,SO4) was added, and the plate was read with a microplate

photometer at a wavelength of 450 nm.

7. Generation of bone marrow derived macrophages

Bone marrows (BM) derived macrophages method follows the established
protocol (204) (appendix E). In short, mice were sacrificed, and femoral bone marrows
were isolated. In brief, cells were washed from BM cavity and incubated for 7 days in
DMEM media (high glucose DMEM supplement with 10% fetal bovine serum, 1%
penicillin/streptomycin, 1% HEPES, 1% sodium pyruvate, 5% horse serum and 20%
L929-conditional media) in a humidified 5% CO, incubator at 37 °C. Subsequently, cells
were harvested at the end of the culture period using cold PBS and confirmed
macrophage phenotype with anti-F4/80 and anti-CD11b antibodies (BioLegend, CA,
USA) by flow cytometry. For macrophage activation, BM-derived macrophages were

incubated for 17 h with IFN-y (10 ng/ml final concentration; BioLegend, USA). Then,
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LPS (100 ng/ml final concentration; Sigma-Aldrich) was added and incubation
continued for 24 h. The activated macrophages were investigated by IL-12p70
production with ELISA (eBioscience, USA).

8. Peritoneal macrophage isolation

Bone-marrow-derived macrophage of pristane is not different from the wild-
type control due to the several in vitro processes and cell-stimulators. However, there
is less influence of the in vitro process in the isolation of peritoneal macrophage. Then
peritoneal macrophages were isolated from 6 month-old mice (pristane, FcyRllb-/- and
control group) following an established protocol (205). In short, the peritoneal cavity
was washed several times with ice-cold PBS after euthanasia. Subsequently, the
samples were centrifuged, discarded supernatants and induced red blood cell lysis by
lysis buffer solution (NH,Cl solution) for 5 min. After that, the cells were separated by
centrifugation and incubated with DMEM complete media (HyClone, South Logan, UT,
USA) in 5% CO, at 37 °C overnight. The non-adherent cells were removed and wash
with warm PBS. The adherence cells were collected by washed vigorously with ice
cold-PBS. Cell viability was estimated by staining with 0.4% Trypan blue (Gibco, USA).
More than 97% of the adherent cells had morphological characteristics of
macrophages by Diff-Quick staining and the macrophage phenotype was confirmed by
flow cytometry with anti-F4/80 and anti-CD11b antibodies (Biolegend, San Diego, CA,
USA).

9. Phagocytosis assay

Although FcyRIlb-/- macrophages enhance phagocytosis and clearance in some
pathogens as previous publication (21-30) but C. neoformans could be survive and
replicate within macrophages by several immune evasion mechanisms (21-30).
Therefore, we hypothesized that FcyRllb-/- macrophages should have more phagocytic
activity. The phagocytosis activity assessments were performed according to a previous
protocol, with slight modifications (206, 207). Briefly, BM-derived macrophages were
added to 96-well plates at 2.5x10 cells/well in DMEM complete and incubated

overnight. After the incubation, the medium was then removed and 100 pl of complete
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DMEM with 20% normal mouse serum, as a source of opsonin, were added with heat-
killed C. neoformans at 5:1 and 10:1 ratios of fungal cells to macrophages. These were
incubated for 2h and 4h. After incubation, the wells were washed with 200 ul of PBS
at least 3 times to remove un-ingested yeast and then the macrophages were
detached with 200 pl of cold PBS. Then, the macrophages were transferred to a
CytoSpin chamber (Thermo Scientific) and centrifuged at 600 rpm for 5 min to
concentrate the cells into a single cell-layer for easier visualization. The macrophages
were stained with Diff-Quick stain (Life Science Dynamic Division, Nonthaburi, Thailand).
Macrophages containing yeast were counted as showing phagocytosis. At least 100
macrophages per well were counted. In parallel, the ingestion ability of each individual
macrophage was determined as the average number of fungal cells in each
macrophage (phagocytosis index), calculated as the total number of ingested fungi
divided by the total number of macrophages. The phagocytosis activity was
determined as the percentage of macrophages with phagocytosed cryptococci and

phagocytosis index. All of the experiments were performed in triplicate.

10. C. neoformans-FITC phagocytosis assays

The phagocytosis activity assessments were performed with heat-killed
fluorescent conjugated fungi and live fungi according to a previous protocol (208).
Briefly, for heat-killed fluorescent conjugated fungi, 1x10° cells of heat-killed
C. neoformans were incubated with 500 pg/ml fluorescein isothiocyanate (FITC) (Sigma,
USA) in PBS for the C. neoformans-FITC labeling. Then peritoneal macrophages at
2.5x10" cells/well were added to 96-well plates in 200 ul of DMEM and incubated
overnight. After that, macrophages were challenged with C. neoformans-FITC at
multiplicity of infection (MOI; yeast per macrophage ratio) at 5:1 with 20% normal
mouse serum as a source of the opsonin. These were incubated for the various
durations (2-24h). Subsequently, all media and extracellular yeast were removed and
washout by PBS. Then 0.4% trypan blue at 100 pl per well were added for 2 min at
room temperature for quenching extracellular C. neoformans-FITC. All dyes were
removed and read the fluorescence intensity at the excitation and emission wave-

length at 492 and 518 nm, respectively.
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11. Macrophage total killing activity and intracellular proliferation assays

Total cryptococcal cell killing activity was assessed using a previously published
method which both extruded and intracellular yeasts were determined (206, 207).
Briefly, BM-derived macrophages at 1x10° cells/well were co-cultured with live
C. neoformans at a ratio of 1:1 for 2, 4 and 24 h for phagocytosis as mentioned above
in the presence of 20% normal mouse serum containing media to promote
phagocytosis. After incubation, the culture supernatant was separated, and a lysis

medium (distilled water containing 0.01% bovine serum albumin and 0.01% Tween-

80) was added to the wells, for 20 min at 37°C, to rupture the macrophage cell
membranes. Then, the supernatant and the lysate were well mixed. Serial dilutions of
the mixed lysates were plated on SDA for viable yeast colony forming unit (CFU)
counts. Control cultures consisted of incubation medium alone plus C. neoformans.
Macrophage total killing activity is inversely correlated with the number of yeast
colonies. The intracellular and extracellular killing activity of macrophages was
evaluated with this method.

Moreover, to determine only the intracellular killing activity, the intracellular
proliferation assay was performed with methods that were slightly modified from those
previous published (209, 210). Briefly, BM-derived macrophages, at 2.5x10* cells/well
were co-cultured with live C. neoformans, at a ratio of 5:1, were added and incubated
for 2 h in 20% normal mouse serum containing media. After 2 h, the wells were
extensively washed (4-5 times) to remove extracellular fungi. This was set as the 0 h
time-point. For some of the culture wells at this time-point, macrophage cells lysis
was induced by lysis medium and plated on SDA for the visualization of intracellular
fungal viability for “phagocytosis activity at the 0 h time-point” for the further
calculation. The remaining culture wells from the 0 h time-point were maintained in
DMEM media at 37°C, and the cells were subsequently lysed at 2, 4 and 24 h, for the
determination intracellular fungal viability, as mentioned above. Because the
difference in intracellular fungi might be due to the difference in phagocytosis activity
at the 0 h time-point, the phagocytosis activity at the 0 h time-point was used for the

normalization with the following equation: intracellular proliferation at specific time
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points = CFU of fungi at 2, 4 or 24 h after the 0 h time-point / CFU of fungi after
phagocytosis at the 0 h time-point. Macrophage intracellular killing activity is inversely

correlated with the number of yeast colonies (intracellular proliferation).

12. In vitro Cryptococcus neoformans stimulated macrophage cytokines
production

To compare the cytokine response to C. neoformans in vitro by macrophage,
heat-killed C. neoformans, (immersion in a 60°C water bath for 1 h) or live
C. neoformans, at a dose of 5x10° yeast cells/well, were incubated with macrophages
(1x10° cells/well) in 96-well polystyrene tissue culture plates (211). The culture
supernatants were collected at 24, 48, 72 and 96 h after the incubation and stored at
-80°C until cytokine determination (TNF-alpha, IL-6, IL-10) by ELISA assays (eBioscience,
USA). After the incubation, cell viability was measured by MTS assay (Promega
Corporation, WI, USA) according to the manufacturer’s instruction (212). In short, 20 pl
of MTS was added to the culture plates for 2h at 37°C in 5% CO, incubator then read

with microplate photometers with a wavelength at 490 nm (appendix ).

13. In vivo macrophage depletion

The role of macrophage in fungal dissemination was evaluated in Clodronate-
liposome (Encapsula Nanoscience, USA) induced macrophage depletion in vivo after
onset of infection as previously decribed (9). Female 8-week-old FcyRllb-/- and wild-
type mice were administered C. neoformans via the tail vein. Then, 200 yl/mouse
liposomal clodronate (Encapsula Nanoscience, Nashville, TN, USA) (5 mg/ml) or control
liposomes were injected to induce sustained monocyte depletion. The daily injections
began on the third day of fungal administration and continued for 4 consecutive days.
At 7 days post-inoculation, the mice were sacrificed and the internal organs were
processed for fungal burdens and fixed in 10% formalin to confirm macrophage
depletion (by immunohistochemical staining with an F4/80 antibody; Biolegend, San
Diego, CA, USA). Macrophages were not detectable in organs after liposomal

clodronate treatment in either FcyRIlb-/- or wild-type mice.
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14. Transfer of Cryptococcus contained-macrophages in vivo

To see if there is the difference in phagocytosis capacity of FcyRllb-/- versus
wildtype macrophages in vivo, cryptococci contained- FcyRIlb-/- and wild-type
macrophages were injected in wild-type mice. Bone marrow derived macrophage (BM)
macrophages from FcyRllb-/- and wild-type were allowed to phagocytose yeasts before
infusion into wild-type mice as previously described (206, 207). Briefly, BM
macrophages cultured in 96-well plate at 2.5 x10* cells/well with 20% mouse serum
were incubated with C. neoformans at the ratio of yeast per macrophage of 5:1 for 2
h. The un-ingested fungi were washed out with DMEM (3-5 washes). Subsequently, the
macrophages were detached with cold-PBS washing (3-5 times), centrifuged at 1,000

rom for 10 min at 4°C and the cell-pellets were re-suspended with DMEM. The
macrophages were counted and stained with trypan blue. Either FcyRIlb-/- or wild-type
macrophages with internalized Cryptococcus, at 2.5x10* cells/ml, were intravenously
administered to wild-type mice through the tail-vein. Mice were sacrificed at 24h to

determine fungal burdens.

15. T cells isolation from spleen and flow cytometry analysis

Because of an influence of T-lymphocyte on macrophage functions, we
explored spleen lymphocyte of these mice follow the protocol of a previous
publication (213). In short, splenocytes were isolated from 6-month-old mice of all
experiment groups. Spleens were dispersed through a cell strainer to generate a single-
cell suspension and eliminated red blood cells by an osmotic agent (ACK buffer: NH,4CL,
KHCO5 and EDTA). T cells were isolated and purified using the CD4" T Cell Isolation Kit,
(Miltenyi biotec, Auburn, CA, USA). The viability and purity of both cell types were
examined by flow cytometer. Then, CD4+ T cells were stained with anti-CD4, -CD8, -
CD69, -CD44, -CD62L and -ICOS (Inducible T cell Costimulator) (Biolegend, San Diego,
CA, USA).

To determine the activity of Th cells, the intracellular staining of anti-IFN-y

(Biolegend, USA) was performed. The intracellular staining flow-cytometry protocol was
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followed (213). In short, 2 x 10° cells of CD4* T cells were plated in 200 pl of complete
medium supplemented with 25 ng/ml PMA (Sigma-Aldrich), 1 pg/ml ionomycin (Sigma-
Aldrich) and 1X GolgiPlug (brefeldin A, Biolegend). As control, the cells were stimulated
with GolgiPlug. After 4 h of incubation at 37°C and 5% CO,, cells were stained with
anti-CD3 and anti-CD4 before following the cytokines intracellular staining for anti-IFN-
y (Biolegend, San Diego, CA, USA). The flow cytometry analysis was performed using
BD LSR-Il and FlowJo software. In addition, to represent the influence of C. neoformans
infection toward the alteration of immune responses in lupus, spleen of mice in wild-
type, pristane and FcyRllb-/- after 2 weeks of C. neoformans administration (infected

group) or PBS control (uninfected group) were analyzed.

16. Statistical analysis

The mean + SE was used for the data presentation and the differences between
groups were examined for statistical significance using the unpaired Student t-test or
one-way analysis of variance (ANOVA) with Tukey’s comparison test for the analysis of
experiments with 2 and 3 groups, respectively. Survival analyses were evaluated using
the log-rank test. P values < 0.05 was considered statistically significant. SPSS 11.5

software (SPSS Inc., Chicago, IL, USA) was used for all statistical analysis.



CHAPTER V
RESULTS

1. Determination of lupus manifestation in mice before use.

Because FcyRllb-/- (knock out) mice are prone to spontaneously lupus disease,
so that these mice have to determine lupus manifestration before perform experiment
by examine serum creatinine (scr), urine protein creatinine index (UPCI) and anti-dsDNA.
The FcyRllb-/- mice with age 8-week-old were classified in asymptomatic group. This
group show not significant difference by scr, UPCl and anti-dsDNA. In contrast, mice
with 24-week-old were classified in symptomatic group because these mice reveal
significant higher UPCI and anti-dsDNA than previous group (Figure 9 A, B and C). The

FcyRIIb+/+ (wild-type) mice with sex and age match were used as control group.
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Figure 9.Characteristics of FcyRIlb-/~- mice at 8- and 24-weeks-old as demonstrated
by serum creatinine (Scr) (A), proteinuria by urine protein creatinine index (UPCI) (B)
and anti-dsDNA (C), (n=4/group). The data are shown as the mean + SE. * p<0.05, **
p<0.01.

2. Increased severity of cryptococcosis in Fc gamma receptor llb deficient mice
To determine percent survival in FcyRIlb-/- mice that lack FcyRllb function
without symptomatic of lupus compare with control wild-type mice after
C. neoformans infection. The FcyRlIb-/- mice were challenged with C. neoformans by
tail-vein injection and monitored survival. The FcyRIlb+/+ (wild-type) mice with
C. neoformans injection and FcyRIlb-/- with PBS injection were used as control group.
The result found that FcyRllb-/- mice reveal high susceptible to C. neoformans

infection with significantly lower percent survival than control group as show in figure
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10. All of the FcyRIlb-/- mice, but only 57% of the wild-type mice, died or became

moribund within 90 days of challenge.

—— FcyRIlb+/+ Cryptococcus

=% FcyRIlb-/- Cryptococcus

=B~ FcyRIlb-/-PBS

i
o
o
!
J
u

©
o
1

—_ [ T,
S ]
: 60 - : | I |
«© '
2 '
2 40 .", 8-wk-old
> |
a nls . . * %
20 ;
.-,
'
b

0 T T T T T T T T T 1

0O 10 20 30 40 50 60 70 80 90 100

Post-injection (days)

Figure 10. Percent survival in 8-wk-old FcyRIlb-/~- and wild-type mice after challenged

with C. neoformans (n=7/group).

To determine fungal burden after C. neoformans infection by CFU count per
organ at moribund stage. Both of FcyRllb+/+ and FcyRllb-/- mice were challenged with
C. neoformans. At the moribund stage, organs including brain, kidney, liver, lung and
spleen were homoginized and spread on Sabouraud Dextrose Agar (SDA) to examine
number of yeast cell in each organ (CFU/g organ). The results show that moribund
FcyRIlb-/- mice demonstrated higher fungal burdens (Figure 11) and cryptococcoma-
like-lesions in several internal organs, namely brain, kidney, liver, lung and spleen
(Figure 12) with significant histopathological scoring (Figure 13). In contrast, wild-type
mice found predominant lesion in the brain, a major organ of infection, at the

moribund stage (Figure 11 and 12).
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Figure 11. Organ fungal burdens from 8-wk-old FcyRllb+/+ and FcyRIlb-/- mice after
challenged with C. neoformans at moribund stage (n=3-6/group). The data are shown

as the mean + SE. * p<0.05.
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Figure 12. Representative histology with H&E (hematoxylin and eosin staining) at 100x
magnification from 8-week-old mice in the moribund stage after C. neoformans

administration. FcyRIlb+/+ mice (left column); FcyRIlb-/- mice (right column)
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Histopathology analysis in 8-wk-old FcyRIlb+/+ and FcyRIlb-/- mice after challenged

with C. neoformans at moribund stage.
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Figure 13. Histology scoring of 8 week-old mice after challenged with C. neoformans

at moribund stage. The data are shown as the mean + SE. * p<0.05, ** p<0.01.

At the moribund stage, cryptococcosis was more severe in 8-wk-old FcyRIlb-/-
mice. Serums were collected from wild-type and FcyRllb-/- mice after challenged with
C. neoformans and determine secreted cytokine at moribund stage. The serum from
8-wk-old FcyRIlb-/- mice were determined scr and ALT to check kidney and liver
function, respectively. The levels of Scr, ALT and cytokines (TNF-a, IL-6 and IL-10) in
wild-type were 0.33+0.02 mg/dl, 49+9 U/L and 99+10, 89+14 and 389+142 pg/ml and
in FcyRIllb-/-young mice were 0.32+0.04 mg/d\, 77+7 U/L, and 147+8, 257+48 and
446+199 pg/ml (Figure 14. A-E). The infected FcyRllb-/- mice reveal more significant
different in ALT detection but not in serum creatinine, when compared with wild-type.
Additionally, FcyRIlb-/- mice are significantly more TNF-a and IL-6 but not IL-10

production in serum than wild-type at moribund stage.
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Figure 14. Organ injury and inflammatory cytokines at the moribund stage in 8-week-
old as demonstrated by serum creatinine (Scr) (A), alanine transaminase (ALT) (B),
TNF-a (C), IL-6 (D) and IL-10 (E) levels. The data are shown as the mean + SE. * p<0.05,
* 5<0.01.

Organ fungal burden and secreted cytokine of 8-wk-old FcyRllb-/- mice after
injection with C. neoformans at early stage was determined. The 8-wk-old FcyRllb-/-
mice were challenged with C. neoformans for 2 weeks and then sacrified to determine
fungal burden. The result found that FcyRllb-/- mice reveal higher fungal burdens
(Figure 15). Cryptococcoma-like lesions were found in most organs in FcyRllb-/- mice
with significant histology scoring (Figure 17), but only in the brain and kidney in wild-
type mice (Figure 16).
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Figure 15. Fungal burdens in the internal organs of 8-week-old mice at 2 weeks post-

C. neoformans administration. The data are shown as the mean + SE (n = 4-5/group).

* p<0.05.
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FcyRIIb+/+ FcyRIlb-/-

Figure 16. Organ histology with Grocott's silver staining (GMS) at 200x magnification
from 8 week-old mice at 2 weeks post-C. neoformans infection, demonstrating
cryptococcoma-like lesions in the brain and kidney of FcyRIlb+/+ mice (left column),
and in several internal organs (brain, kidneys, liver, lung and spleen) of FcyRIIb-/- mice

(right column).



53

[Jrcyrib +/+ [ Feyrub -/

2.0 7
c
h=
b 1.5
o * %
c
Z o * |*| |_|
© = |_|
o 8 1.0
c
E @ I**I
© 0.5+
]
et
< .
0.0 T T T T

Brain Kidney Liver Lung spleen

Figure 17. Histology scoring of 8 week-old mice at 2 weeks post-C. neoformans

infection. The data are shown as the mean + SE (n = 4-5/¢roup). * p<0.05, ** p<0.01.

To determine secreted cytokine in serum reveal that FcyRllb-/- mice are
significantly more TNF-alpha and IL-6 production in serum but not IL-10 at early stage

of infection (2 weeks) (Figure 18)
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Figure 18. Serum cytokines measured include TNF-a (A), IL-6 (B) and IL-10 (C). The

data are shown as the mean + SE (n = 4-5/¢roup). * p<0.05.

The FcyRllb-/- mice also show high severity of cryptococosis than wild-type
counterpart. The cryptococcosis, either at 2 weeks or when moribund, was more
severe in FcyRIlb-/- than wild-type mice, as demonstrated by higher fungal burdens in
most internal organs, higher liver enzyme levels, and higher pro-inflammatory cytokine
levels but not higher anti-inflammatory cytokine levels. Therefore, high cryptococcosis
severity in FcyRllb-/- mice depend on lack of FcyRIlb function and lupus symptomatic

independent.
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3. FcyRllb-/- macrophage responses to C. neoformans: prominent phagocytosis
and pro-inflammatory cytokine production.

Due to the importance of macrophages in fungal infection response and the
presence of FcyRllb in macrophages, we determine phagocytosis and killing function
of macrophage with C. neoformans in vitro. Bone marrow derived macrophages from
wild-type and FcyRllb-/- mice were generated and confirmed for macrophage
phenotype by flow cytometry with anti-F4/80 and anti-CD11b (Figure 19). These
macrophages were co-cultured with heat killed C. neoformans at 5:1, 10:1 yeast per
macrophage ratio in the presence of 20% mouse serum as source of opsonin and
incubate for 2h and 4h time points. With the ratio of fungal cells to macrophages of
5:1, the percentages of macrophages with phagocytosed C. neoformans in wild-type
and FcyRIlb-/- after 2h incubation were 47.5+17.5% and 90.1+6.2%, respectively, and
after 4h incubation were 42.1+4.2% and 91.5+1.5%, respectively. At the ratio of 10:1,
the percentages of phagocytosed macrophages in wild-type and FcyRIlb-/- after 2 h
incubation were 69.5+0.5% and 90.5+0.5%, respectively, and after 4 h incubation were
67.5+1.5% and 91.5+1.5%, respectively (Figure 21A). Additionally, the average number
of fungi in each macrophage was higher in FcyRllb-/- cells, as determined by the
phagocytosis index (number of internalized fungi / total macrophages) (Figure 21B).
FcyRllb-/- macrophage reveal significant higher percent phagocytosis and more

phagocytosis index than wild-type macrophage (Figure 20 and 21).
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Figure 19. Representative results from flow cytometry with anti-F4/80 and anti-CD11b

antibodiies in FcyRIIb+/+ (A) and FcyRIlb-/- (B) macrophages.
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Figure 20.Representative figure of macrophage with Diff-Quick staining after engulf of

C. neoformans by phagocytosis mechanism
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Figure 21. Percentage of macrophages (M®) demonstrating phagocytosis (A) and the
average number of phagocytosed fungi per M® (total number of phagocytosed fungi/
total M®) after incubation with C. neoformans at ratios of fungi:M® of 5:1 and 10:1

(B). * p<0.05, ** p<0.01 (experiments were performed in triplicate).

In contrast, the macrophage killing activity, as determined by fungal viability
after incubation with macrophages for 2, 4 and 24 h, was not different between wild-
type and FcyRllb-/- cells. The numbers of viable fungi in the macrophages with total
killing ability (both extruded and intracellular yeasts were determined; see methods),
in vitro, at 2, 4, and 24 h of fungal incubation with wild-type cells versus FcyRllb-/-
macrophages were 8.2+0.8, 4.4+0.5 and 5.5+0.7 vs. 20.6+2.8, 15.6+2.1 and 14.9+2.1
(x10%) CFU/mL, respectively (Figure 22A). No difference in macrophage killing activity
was observed using the intracellular proliferation assay. This determined the viability
of only intracellular yeasts (see methods). Indeed, the intracellular proliferation
amounts at 2, 4, and 24 h of fungi incubated with wild-type cells versus fungi incubated
with FcyRIllb-/- macrophages were 1.3+0.2, 1.0+0.2 and 12.3+1.8 vs. 1.3+0.1, 0.7+0.2
and 8.8+1.9 units, respectively (Figure 22B). Although a trend toward greater
intracellular-killing by FcyRIIb-/- macrophages was observed, it was not statistically
significant. The presence of macrophages did not reduce the colony count of fungi in

the fungicidal activity assay, implying that cryptococci were viable, intracellularly.
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Figure 22. The total killing ability (extruded and intracellular yeast) (A) and
intracellular proliferation (concerning only intracellular yeast; see methods) (B) of M®
determined by the number of C. neoformans colonies after incubation with M® from

wild-type and FcyRIlb-/~- mice are shown.

To determine function of macrophage with C. neoformans by secreted cytokine
in vitro. Bone marrow derived macrophages were co-cultured with heat killed (Figure
23A-C) or live C. neoformans (Figure 23D-F) at 5:1 (yeast:macrophage) for various time
points and then culture supernatant were collected to determine cytokine production
by ELISA. The results found that bone marrow derived macrophage from FcyRllb-/-
mice secreted significantly more TNF-alpha and IL-6 than wild type but not IL-10.
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Figure 23. Cytokine levels (TNF-a, IL-6 and IL-10) in the supernatant media from
macrophages of FcyRIIb+/+ or FcyRIIb-/- mice after activation with heat-killed (A-C) or
live C. neoformans (D-F) are shown. * p<0.05, ** p<0.01 (experiments were performed

in triplicate).
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4. FcyRllb-/- macrophages enhance the dissemination of cryptococci

C. neoformans is a facultative intracellular pathogen that demonstrates
intracellular viability. Host phagocytes are used for fungal dissemination, and this is
referred to as a “Trojan horse” mechanism (214). Observing enhanced phagocytosis
capacity but limited killing activity of FcyRIlb-/- macrophages, we hypothesized that
FcyRIlb-/- macrophages may be responsible for more severe cryptococcosis in vivo.
Accordingly, we tested cryptococcosis in FcyRllb-/- and wild-type mice with liposomal
clodronate-induced macrophage depletion (Figure 24) and macrophage depletion
were confirmed by immunohistochemistry with anti-F4/80 antibody as show in figure
25. Interestingly, macrophage depletion attenuated the fungal burdens in liver, lung
and spleen in FcyRllb-/-mice, but not in wild-type mice (Figure 26). Fungal burdens at
7 days after fungal administration in the brain, kidney, liver, lung and spleen of FcyRIlb-
/- mice with control (PBS) liposomes versus liposomal clodronate were 2.8+1.2,
2.8+0.9, 3.7+1.0, 4.4+1.4 and 5.5+0.1 vs. 1.9+1.4, 1.8+0.6, 1.0+0.2, 0.9+0.3 and 0.7+0.2
(x10%) CFU per organ weight (g), respectively (Figure 26). Subsequently, to determine if
the high phagocytosis capacity of FcyRIlb-/- macrophages enhanced cryptococcal
dissemination, we incubated yeast with wild-type and FcyRIlb-/- macrophages and
administered the cells, with the phagocytosed cryptococcal cells, into wild-type mice.
Indeed, the fungal burdens both in the brain, a major target organ of cryptococcosis,
and in the liver, were higher in mice receiving Cryptococcus-containing FcyRIlb-/- cells
(Figure 27). The fungal burdens in brain, kidney, liver, lung and spleen at 1 day after
the administration of wild-type or FcyRIlb-/- macrophages were 1.1+0.2, 8.3+2.5,
15.1+£3.4, 16.1+5.3 and 20+7.7 vs. 2.9+0.4, 31.4+9.5, 44.8+5.2, 70.7+31.2 and 53.3+15.7

(x10%) CFU per gram organ weight, respectively (Figure 27).
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Figure 24 .Timeline of a model for cryptococcosis in liposomal clodronate-induced

macrophage depletion in 8-week-old FcyRIlb+/+ and FcyRIlb-/- mice.
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PBS-liposome Clodronate-liposome

Figure 25. Representative immunohistochemistry analysis of macrophages stained
with anti-F4/80 from FcyRIlb+/+ and FcyRIlb-/- with and without clodronate
administration is shown. Only spleens and kidneys were selected as representative

oregans and red-brown is anti-F4/80 antibodies binding with macrophage.
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Figure 26. Fungal burdens of cryptococcosis in liposomal clodronate-induced
macrophage depletion in 8-week-old FcyRllb+/+ and FcyRIlb-/- mice in brain (A),
kidney (B), liver (C), lung (D) and spleen (E) are shown (n = 4-5/¢roup). Data are shown
as the mean + SE. * p<0.05, ** p<0.01.
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Figure 27. Organ fungal burdens of FcyRllb+/+ mice at 24 h after infusion of
Cryptococcus-containing macrophages (infected macrophages) from FcyRIlb+/+ and
FcyRllb-/- mice are shown. (n = 4-5/¢roup). Data are shown as the mean + SE. * p<0.05,

** p<0.01.

5. Cryptococcosis severity in 24-wk-old FcyRllb-/- mice (with symptomatic of
lupus)

After C. neoformans administration, FcyRIlb-/- mice demonstrated higher
mortality than the age-matched wild-type control mice in both the asymptomatic (8-
wk-old) and symptomatic lupus groups (24-wk-old). All of the older mice (24-wk-old)
with cryptococcosis died or became moribund by 40 and 90 days in the FcyRIlb-/- and
wild-type groups, respectively (Figure 28). Interestingly, at moribund stage, 24-wk-old
FcyRllb-/- mice also demonstrated higher fungal burdens (Figure 29) and
cryptococcoma-like-lesions in several internal organs with significant histology analysis
scoring as show in figure 30 and 31 but in wild-type mice the lesions were found in

only the brain.



68

- FcyRIlb+/+ Cryptococcus
=®: FcyRIlb -/- Cryptococcus

== FcyRIlb-/- PBS

i
IS o © o
o o o o
L L L

Survival (%)

N
o
1

o
o

10 20 30 40 50 60 70 80 90 100
Post-injection (days)

Figure 28. Percent survival in 24-wk-old FcyRIlb-/- and wild-type mice after challenged
with C. neoformans (n = 9-10/group). * p<0.05.
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Figure 29. Organ fungal burdens from 24-wk-old FcyRIlb+/+ and FcyRIlb-/- mice after
challenged with C. neoformans at moribund stage (n = 4-5/¢roup). * p<0.05.
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Figure 30. Representative histology with H&E (hematoxylin and eosin staining) at 100x

magnification from 24-week-old mice in the moribund stage after C. neoformans

administration. FcyRIIb+/+ mice (left column); FcyRIlb-/- mice (right column)
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Figure 31. Histology scoring of 24-week-old mice after challenged with C. neoformans
at moribund stage. The data are shown as the mean + SE (n = 4-5/¢roup). * p<0.05,

** 1<0.01.

At the moribund stage of 24-wk-old mice, the levels of Scr, ALT and cytokines
(TNF-a, IL-6 and IL-10) in wild-type were 0.43+0.04 mg/dl, 39+7 U/L, and 82+2, 47+16
and 327+50 pg/ml and in FcyRIlb-/- old mice were 0.58+0.08 mg/d(, 87+9 U/L and
12347, 307+227 and 403+59 pg/ml (Figure 32. A-E).
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Figure 32. Organ injury and inflammatory cytokines at the moribund stage in 24-week-
old as demonstrated by serum creatinine (Scr) (A), alanine transaminase (ALT) (B),

TNF-a (C), IL-6 (D) and IL-10 (E) levels. The data are shown as the mean + SE (n=4-
5/eroup). * p<0.05.

After 2 weeks of cryptococcal infection, the fungal burdens in the internal
organs were also higher in 24-wk-old FcyRllb-/- mice (Figure 33). Cryptococcoma-like
lesions were found in most organs in FcyRIlb-/- mice with significant histopathology

scoring (Figure 34 and 35), but only in the brain and kidney in wild-type mice.
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Figure 33. Fungal burdens in the internal organs of 24-week-old mice at 2 weeks post-
C. neoformans administration. The data are shown as the mean + SE (n = 4-5/group).

* p<0.05.
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FcyRIlb+/+ FcyRIlb-/-

Figure 34. Organ histology with Grocott's silver staining (GMS) at 200x magnification
from 24 week-old mice at 2 weeks post-C. neoformans infection, demonstrating
cryptococcoma-like lesions in the brain and kidney of FcyRIlb+/+ mice (left column),
and in several internal organs (brain, kidneys, liver, lung and spleen) of FcyRIlb-/- mice

(richt column).
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Figure 35. Histology scoring of 24 week-old mice at 2 weeks post-C. neoformans

infection. The data are shown as the mean + SE (n = 4-5/¢roup). * p<0.05, ** p<0.01.
To determine secreted cytokine in serum found that 24-wk-old FcyRIlb-/- mice

are significantly more TNF-alpha and IL-6 production in serum but not IL-10 at 2 weeks

of infection (Figure 36).
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Figure 36. Serum cytokines measured include TNF-a (A), IL-6 (B) and IL-10 (C). The data

are shown as the mean + SE (n = 4-5/group). * p<0.05.

Both asymptomatic and symptomatic of lupus FcyRIlb-/- mice also show high
severity of cryptococosis than wild-type counterpart. The cryptococcosis, either at 2
weeks or when moribund, was more severe in FcyRllb-/- than wild-type mice, as
demonstrated by higher fungal burdens in most internal organs, higher liver enzyme
levels, and higher pro-inflammatory cytokine levels but not higher anti-inflamsnmatory
cytokine levels. Therefore, high cryptococcosis severity in FcyRIlb-/- mice depend on

lack of FcyRIlb function and lupus symptomatic independent.
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6. T cells analysis from spleen

Because of the in vivo association between macrophage and T cell, we
analyzed T cells from spleen in FcyRllb-/- and wild-type mice. The total number of Th
cell (CD3+CD4+CD8-) in spleen was more predominant in FcyRllb-/- mice than the wild-
type. (Figure 37 and 40). In contrast, the naive Th cell (CD44-CD62L+) and the central
memory Th cell (Tcm, CD44+CD62L+) of wild-type were higher than FcyRllb-/- mice
(Figure 39 and 40). Moreover, the populations of active Th cell such as effector Th cell
(Tem, CD44+CD62L-) and the Th cell with intracellular IFN-y (CD3+CD4+IFNg+) (Figure
38, 41, 42), a cytokine of macrophage activation, were predominant in FcyRIlb-/- mice
except activated Th cell (CD4+CD69+) that show not significant difference (Figure 39
and 40).
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Figure 37. The representative result of total number of Th cell (CD3+CD4+CD8-) from

spleen of wild-type (FcyRIlb+/+) and FcyRIlb-/- mice by flow cytometry (n=4/¢roup)
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Figure 38. The representative result of naive Th cell (CD44-CD62L+), central memory
Th cell (Tcm, CD44+CD62L+), effector Th cell (Tem, CD44+CD62L-) from spleen of wild-
type (FcyRIlb+/+) and FcyRIlb-/- mice by flow cytometry (n=4/group).
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Figure 39. The representative result of activated Th cell (CD4+CD69+) from spleen of
wild-type (FcyRIIb+/+) and FcyRIIb-/- mice by flow cytometry (n=4/group).
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Figure 40. The spleen analysis for total of Th cell (CD3+CD4+CD8-), naive Th cell
(CD44-CD62L +), central memory Th cell (Tcm, CD44+CD62L +), effector Th cell (Tem,
CD44+CD62L-) and activated Th cell (CD4+CD69+) from wild-type (FcyRIlb+/+) and
FcyRIlb-/- mice by flow cytometry (n=4/¢roup). Data are shown as the mean + SE. *
p<0.05, ** p<0.01.
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Figure 41. The representative result of an intracellular IFN-y of Th cell
(CD3+CD4+IFNg+) from spleen of wild-type (FcyRIlb+/+) and FcyRIlb-/- mice by flow
cytometry (n=4/group).
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Figure 42. The spleen analysis for an intracellular IFN-y of Th cell (CD3+CD4+IFNg+)
from wild-type (FcyRIlb+/+) and FcyRIlb-/- mice by flow cytometry (n=4/group). Data

are shown as the mean + SE. * p<0.05.

Therefore, the Th cell analysis from spleen of wild-type and FcyRllb-/- mice
suggested that the high susceptibility of cryptococcosis in FcyRllb-/- mice depend on
the function of FcyRIlb-/- macrophage and independent from Th cell activity related

macrophage function.
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7. Comparison of cryptococcosis severity in lupus FcyRIlb-/- and pristane mice
To test the severity of cryptococcosis in lupus, C. neoformans were
administered in 6-month-old mice of both lupus models and in age-matched wild-
type. In parallel, PBS injection in 6 month-old mice of these 3 groups was used as the
control. After 3 months of PBS injection, there was no mortality in either lupus mice
or wild-type groups. But, with the fungal administration, all mice in pristane and
FcyRllb-/- mice died within 55 and 47 days, respectively, and the mortality was
demonstrated as early as 20 days of the administration (Figure 43A). Cryptococcosis in
the wild-type showed 87% mortality rate (7 in 8 mice died) and the mortality started
after the 1 month of fungal administration (Figure 43A). Fungal burdens in all of the
selected internal organs (except for brain) of lupus mice were higher than the wild-
types without the difference between pristane and FcyRllb-/- (Figure 43B). Similarly,
the semi-quantitative histopathology analysis of infected area of FcyRllb-/- was not
different from pristane (Figure 43C, 44). In addition, cryptococcal infection in both lupus
models induced prominent serum inflammatory cytokines in comparison with the wild-

types (Figure 43D-F).
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Figure 43. The severity of cryptococcosis in pristane, FcyRIIb-/- and wild-type mice as
determined by the mortality rate (A), fungal burdens in the internal organs (B), area
of the fungal infection in the internal organs from Grocott’s silver staining (GMS) (C)
and serum cytokines (IL-6, TNF-a and IL-10; D-F) were demonstrated. (n= 8-10/group
in A and 5-6/ group in B-F); * p<0.05 vs. wild-type; #, p<0.001 vs. wild-type; ®, p<0.05;
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Figure 44. Representative organ histology with Grocott’s silver staining (GMS) at 200x
magnification from 6-month-old mice at 2 weeks post-C. neoformans infection,
demonstrating tumor-like lesions in brain of the wild-type mice (left column), and in
several internal organs (brain, kidneys, liver, lung and spleen) of pristane (middle

column) and FcyRlIlb-/- mice (right column).
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The analysis of macrophage and T helper (Th) cell were performed because of
the importance of these cells for the organism control of cryptococcosis (9, 148, 215-
217). As such, the macrophage phagocytosis of FcyRIlb-/- and pristane was more
predominant than wild-types as early as 2h after the incubation by both methods of
phagocytosis assays (Figure 45A, B). But, the macrophage killing activity as
demonstrated by intracellular proliferation test was not different among these groups
(Figure 45C). Hence, it is possible that severe cryptococcosis in both lupus mice is a

result of the prominent phagocytosis and limited killing activity of macrophage.
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Figure 45. The phagocytosis as determined by fluorescent-conjugated fungi (A) and
live-fungi (B) with the killing activity (B) of macrophage in the response against C.

neoformans were demonstrated (experiments were performed in triplicate).
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Because of the in vivo association between macrophage and T cell, we
analyzed T cells from spleen of 6-month-old mice in all experimental groups. The
total number of Th cell in spleen was more predominant in FcyRIlb-/- mice than the
mice with normal group and pristane treatment (Figure 46A). On contrary, the naive Th
cell and the central memory Th cell of wild-type were higher than pristane implying
the role of immune stimulation of pristane model (Figure 468, C). More importantly,
the populations of active Th cell (effector Th cell, activated Th cell and Th cell with
ICOS expression) and the Th cell with intracellular IFN-y (a cytokine of macrophage
activation) were predominant in lupus mice without the difference between pristane
and FcyRllb-/- (Figure. 46D-G). The similarity of Th cell activities between pristane and
FcyRIlb-/- mice, regardless of the difference in genetic backgrounds, implied the

influence of intense immune stimulation in symptomatic lupus.
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Figure 46. The analysis of spleen from wild-type, pristane and FcyRIlb-/- mice by flow

cytometry demonstrated total Th cell (CD3*CD4*CD8) (A), naive Th cell (CD44 CD62L")
(B), central memory Th cell (CD44"CD62L") (C), effector Th cell (CD44'CDé62L°) (D),
activated Th cell (CD4"CD69") (E) and Th cell with inducible T cell co-stimulator

(CD4*ICOS”) (F) (n=4-6/¢group). In addition, the intra-cellular IFN-y of Th cell was also

demonstrated (G) (n=4-6/group). IFN, interferon
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In order to support the prominent immune stimulation in lupus models, several
serum cytokines were measured. Indeed, the pro-inflammatory cytokines (IL-1a and
IL-1B), the cytokines of macrophage-activation (IL-12p70, IL-27, MCP-1 and GM-CSF),
the Th cell-cytokines (IL-17, IFN-y) and the cytokine of lupus pathogenesis (type |
interferon: IFN-B) were higher in lupus mice without the difference between FcyRIlb-/-
and pristane (Figure. 47). These results supported the prominent pro-inflammation and
the enhanced macrophage-Th cell activation of lupus mice over the wild-types.

Moreover, C. neoformans infection activated active Th cells (activated Th cell,
Th cell with ICOS and Th cell with IFN-y) more extensively in FcyRllb-/- and pristane
than the wild-type (Figure 48). While C. neoformans induced all subtype of the
selected active Th cell in both pristane mice and FcyRIlb-/-, the fungi activated only
Th cell with ICOS in the wild-type (Figure 48). In addition, Th cell with ICOS and IFN-y
in spleen in FcyRIlb-/- mice were higher than pristane implying an impact of the gene

deficiency on top of the infection (Figure 48B, Q).
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Figure 47. The analysis of serum cytokines, in panels, from wild-type, pristane and
FcyRllb-/- mice by a Luminex-based multiplex method was demonstrated (n=5-
7/group). IL, interleukin; MCP-1, monocyte chemoattractant protein-1; GM-CSF,

granulocyte-macrophage colony stimulating factor; IFN, interferon



89

 wT Il Pristane [ FcGRIIb-/-

=]
1
=

A Spleen | |

1 (b | #

X 4
LMl -

Uninfected CN-infected

IS
1

Activated Th cell
(CD4+CD69+)(%)
N

O WT mE Pristane [ FcGRIIb-/-

= o
o 40+ | |
B & Spleen . o 1
= . I 1
£ & 30- : ¢ | #
F I 1
3o ho
-0 l ]
3 O 201 I - 1
Q =
[ 4 *
[ Nm]
20 107 i ‘ \
o
3 =
£ 0
Uninfected CN-infected
[ WT I Pristane [ FcGRIllb-/-
o
o
50- | |
C Spleen
> < 40
=2 40 (I) H
L l |
5 L 304 f '
3z * #
E F 204 * |l‘
o
50
E O 101
oL = i |
Uninfected CN-infected

Figure 48. The analysis of spleen from wild-type, pristane and FcyRIlb-/- mice after 2
week of the administration by phosphate buffer saline control (uninfected) or C.
neoformans (CN-infected) with flow cytometry demonstrated activated Th cell
(CD4*CD69*) (A), Th cell with inducible T cell co-stimulator (CD4*ICOS*) (B) and Th cell
with intra-cellular IFN-y (n=5-7/¢roup). IFN, interferon; * p<0.05 vs. wild-type; #,
p<0.001 vs. wild-type; @, p<0.05; @&, p<0.01; 6, p<0.05.
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CHAPTER VI
DISCUSSION

FcyR polymorphisms have previously found an association with increased
susceptibility to some infectious disease, including cryptococcosis (15-17). An
association between FcyRIllb polymorphism and cryptococcal meningitis was found
(17). We demonstrated that the increased severity of cryptococcosis in FcyRllb-/- mice
is, at least in part, due to the unique properties of FcyRllb-/- macrophages include
enhanced phagocytosis and elevated pro-inflammatory cytokine responses.

Although inhalation of cryptococcal spores is the common route of infection,
however cryptococcosis mouse model with intravenous administration is appropriate
for a proof model to demonstrate the difference between the FcyRIlb-/- and wild-type
counterparts. Indeed, FcyRIlb-/- mice showed more severe cryptococcosis than wild-
type mice.

The cell-mediated immunity is predominantly control fungal infection. The
defunctioning of FcyRIlb, the only inhibitory receptor in the FcyR family, result in lack
of inhibitory signal to control immune response by these FcyR family. Therefore, defect
in FcyRllb enhance immune response and effectively controls several infectious
organisms (21, 23, 25).

Because FcyRllb-/- mice are prone to spontanous lupus manifestations with age
dependent characteristics, the study in different age of mice allow the experiment on
symptomatic and asymptomatic lupus. To study the role of FcyRllb function without
effect of symptomatic lupus chracteristics, we used FcyRIlb-/- mice at 2-month-old
mice which were asymptomatic lupus as determined by negative proteinuria and non-
elevated anti-dsDNA. In this study, we were shown that FcyRllb-/- mice were more
susceptible to cryptococcosis compared to wild-type counterparts. There was
difference in survival rate between the FcyRllb-/- and wild-type. The severity of
cryptococcosis in FcyRIlb-/- mice was independent of amount of CD4+ T cell. These
result support the susceptibility to cryptococcosis of patients with FcyRIlb
polymorphisms (17, 198, 199). Subsequently, the severity of cryptococcosis was
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evaluated with different parameters at 2 weeks, the earlier stage of infection, and in
the moribund stage. Disseminated cryptococcosis, including fungal organisms found in
several internal organs, which was observed in FcyRIlb-/- mice, was similar to the
disseminated cryptococcosis observed in patients with compromised immune systems
(218). However, the lesions were limited mostly to the brain in wild-type mice, a major
target organ (219), as usually observed in the immunocompetent human host.

Surprisingly, despite the absence of generalized lesions in wild-type mice, the
brain lesions were larger than in FcyRIlb-/- mice. This difference remains to be
investigated. It seems that the neurotropism characteristic of C. neoformans is not
apparent in the infection in FcyRllb-/- mice because the organism could survive in any
organ. However, in wild-type mice, C. neoformans may prefer to grow in the brain
because of more suitable nutritional conditions (220-222).

FcyRllb-/- mice was also more severe liver injury with enhanced pathogenesis
result in cryptococcal disseminated disease and enhanced cryptococcal dissemination
in the FcyRIlb-/- mice underscores the role of this genetic lesion in pathogenesis.
Additionally, the inflammatory cytokines, TNF-a and IL-6, but not IL-10, were higher in
FcyRllb-/- than wild-type mice. This is a response to the higher fungal burden, in
addition to the anti-inflammatory defect. Serum IL-10 is too low to balance out the
pro-inflammatory immune responses, leading to more severe organ histopathology
and symptom:s.

Macrophages and T helper cells are the main immune cells responsible for the
immune response to cryptococcosis(148, 217). FcyRllb is present in macrophages but
not in T cells(167) and the study on T cell subpopulation in FcyRIlb-/- mice found that
these mice were not CD4+ T cell deficiency. Therefore, the higher fungal burdens in
FcyRllb-/- mice may be due to the primary defect in macrophages. Accordingly, we
evaluated the phagocytosis activity, killing activity and cytokine responses of
macrophages after exposure to C. neoformans. Interestingly, the phagocytosis of
FcyRllb-/- macrophages in response to cryptococci was elevated compared with wild-
type cells, as reported for other organisms(21, 25). In FcyRllb-/- mice, nearly all of the
macrophages incubated with heat-killed C. neoformans phagocytosed approximately

6-7 yeasts per cell at 4 h (phagocytosis index). In contrast, approximately only 50-60%
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of wild-type macrophages phagocytosed yeast, and they did so with a reduced activity
of 2-3 yeasts per cell. On the other hand, the total killing capacity and the intracellular
proliferation activity of FcyRllb-/- macrophages was not different from wild-type
macrophages, unlike the responses to other organisms(25), perhaps due to the immune
evasion properties of C. neoformans(148).

Cryptococcus is a facultative intracellular pathogen, which can utilize host
macrophages to spread within the body, via the Trojan horse mechanism(214).
Moreover, the recent study found that C. neoformans-infected phagocyte transported
from post-capillary venules across the endothelium into the perivascular space,
subsequently, passed to the cerebral parenchyma and lead to development of
meningitis. Therefore, this is an evidence supported the association of phagocyte-
dependent entry with C. neoformans (223). Cryptococci typically escape extracellular
immune responses, survive and replicate intracellularly, transfer laterally between
macrophages, and eventually invade tissue and organs(214). They can use
macrophages as trafficking vehicles for dissemination, particularly to pass through the
blood-brain barrier into the central nervous system(9). Interestingly, the depletion of
macrophages, at least in certain situations, is associated with less severe
pathogenesis(8). We hypothesized that the elevated phagocytosis of FcyRllb-/-
macrophages and the immune evasion properties of C. neoformans enhanced the
Trojan horse mechanism, resulting in more severe cryptococcosis in vivo. We tested
cryptococcosis severity in a macrophage depletion model with daily liposomal
clodronate injection in FcyRIlb-/- and wild-type mice. As expected, at 1 week after
fungal administration, macrophage depletion led to lower fungal burdens in the liver,
lung and spleen of FcyRIlb-/- mice, but not of wild-type mice. Nevertheless, liposomal
clodronate not only depleted monocytes/macrophages but also reduced the numbers
of dendritic cells and regulatory T cells (224, 225). Although loss of dendritic cells after
liposomal clodronate injection might be responsible for the less severe cryptococcosis,
the enhanced cryptococcosis severity after Cryptococcus-infected macrophage
injection supports the greater pathogenic role of macrophages compared to dendritic
cells. The inoculation of fungi-containing FcyRIlb-/- macrophages increased the fungal

burdens in the brains and livers of wild-type mice at 24 h after administration. These
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results support the high phagocytosis capacity of FcyRIllb-/- macrophages and the
enhancement of fungal transmission by macrophages, particularly through the blood-
brain barrier. Together, these results support the importance of macrophages in
cryptococcosis pathogenesis in FcyRllb-/- mice and in patients with FcyRIlb loss-of-
function polymorphisms.

In addition, the prominent pro-inflammatory cytokine response (TNF-a and IL-
6), but not the anti-inflammatory cytokine (IL-10) response, was demonstrated in the
FcyRIlb-/-  groups, both in vivo and in vitro. This might be because
glucuronoxylomannan (GXM), an important cryptococcal capsular polysaccharide,
induces potent immunosuppression by direct engagement of FcyRllb, an
immunoinhibitory receptor, and stimulates greater IL-10 production(226, 227). In
FcyRllb-/- mice, perhaps GXM was unable to induce IL-10, resulting in the more severe
pro-inflammatory cytokine storm and fungal sepsis (226, 227). More studies on this
topic are needed to explain the underlying mechanism.

Indeed, cryptococcosis is one of the common systemic fungal infections in
patients with lupus (199, 228, 229). We demonstrated the similar increased
susceptibility against cryptococcosis between the lupus model of FcyRIlb-/- (a model
with gene deficiency) and pristane (a model with normal genetic background), at least
in part, due to the macrophage activation.

Because of the heterogeneity of lupus pathogenesis (32), we used 2 lupus
models of the genetic-prone mouse strain, FcyRllb-/-, and the chemical induction,
pristane injection, as the representatives of lupus caused by genetic- and
environmental- factors, respectively. While FcyRIlb-/- mice develop the autoimmunity
because of the loss of the inhibitory signaling (20, 31), pristane injection induced lupus
by the enhanced immune responses from chronic peritoneal inflammation (37, 230).
Because the lupus manifestations in FcyRllb-/- and pristane mice depends on age (31,
231) and the duration after pristane administration (232, 233), respectively,
cryptococcosis was induced in symptomatic lupus mice of both models. At the time
of cryptococcal challenge, the severity of lupus nephritis (proteinuria and serum
creatinine) of both lupus models was not different despite the higher anti-dsDNA in

FcyRIlb-/- group. Interestingly, the severity of cryptococcosis in pristane mice was
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similar to FcyRllb-/- mice as determined by the mortality rate, fungal burdens and
serum cytokines. The prominent serum cytokines in lupus mice of both models implied
the responses against the higher fungal burdens in these mice and/or the enhanced
immune responses of lupus against cryptococcosis. In addition, the cryptococcal
lesions in both lupus models were detected in several organs in contrast to the limited
lesions mostly in brain in the wild-types (9, 231) implying the organism-control defect
in lupus mice (234-237).

Subsequently, we explored macrophage phagocytosis and killing activity, the
main mechanism of organism-control in cryptococcosis (206, 207, 231). Indeed,
phagocytosis function of macrophages from pristane and FcyRIlb-/- groups was higher
than the wild-type cells supported our previous report on FcyRllb-/- (231). The
prominent macrophage phagocytosis in pristane, despite normal genetic background,
supports the strong immune activation in this model as previously reported (37, 230,
238). But, the macrophage killing activity was not different among experimental groups,
possibly due to the immune evasion properties of Cryptococci (148). The enhanced
phagocytosis with limited killing activity of macrophage against cryptococcosis in both
lupus models suggested the similar hyper-immune responses in lupus regardless of
the genetic background.

Because of the prominent influence of Th cell on macrophage activation (234,
239) and hyper-function of Th cell in patients with lupus (184), Th cell analysis in
spleen was explored in these mice. Interestingly, the total number of Th cell in FcyRIlb-
/- mice is more prominent than pristane and wild-type. The lesser Th cell number in
pristane mice compared with FcyRllb-/-, despite the similar lupus characteristics,
suggested the influence of hyper-immune response in FcyRIlb-/- mice. In addition, the
similar prominent proportion of active Th cells, as examined by CD69", ICOS", IFN-y*
and low CD62L expression, in spleen of both lupus models implied the higher impact
of lupus hyper-immune stimulation on Th cell and the lesser influence of the genetic
background. Moreover, lupus mice demonstrated several groups of active cytokines in
serum, including; the pro-inflammation (IL-1a and IL-1B), the macrophage-Th cell
activation (eg. IL-12, IL-17 and IFN-y) and the cytokine of lupus-pathogenesis (type |

interferon). The similar prominent cytokines in pristane and FcyRIlb-/- also implied the
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limited influence of genetic background in active lupus. Furthermore, the percentage
of active Th cells was even higher after cryptococcal infection in lupus mice (more
prominently in FcyRllb-/- mice over pristane group) in comparison with the wild-type.
These data supported the influence of infection in the acceleration of immune
responses in lupus (35).

Hence, the increased IFN-y from Th cell and other serum cytokines possibly
induced the prominent cryptococcal phagocytosis of macrophage in lupus models.
Despite the prominent phagocytosis, the natural resistance of Cryptococci against
macrophage killing activity possibly lead to the intracellular parasitism and enhanced
cryptococcal dissemination. Indeed, the intracellular parasitism is one of the well-
known mechanism of the cryptococcal dissemination (148) and is a possible
mechanism of increased cryptococcal susceptibility in FcyRIlb-/- mice (231). Here, we
proposed that enhanced phagocytosis and limited killing activity of macrophage in
pristane lupus models increased cryptococcal susceptibility similar to a previous report
on FcyRllb-/- mice (231). Translationally, the prevention of cryptococcosis in patients
with lupus, especially in the endemic area of cryptococcosis, should be concerned

regardless of the genetic background of the patients.



CHAPTER VI
CONCLUSION

In this study, we compared the disease severity of cryptococcosis between
FcyRllb-/- mice and wild-type mice. The FcyRllb-/- mice show more severity
cryptococcosis with lower percent survival, higher fungal burdens and histopathology
with cryptococcoma-like lesions when compared with wild-type counterparts. The
protective immunity against cryptococcosis was associated with macrophage and T
helper cell functions. The role of macrophage against Cryptococcus neoformans
appear to be involved in the live fungal containment within the macrophages that
explained by Trojan horse mechanism. The macrophage that lack FcyRllb (FcyRllb-/-
macrophages) challenged with C. neoformans found that these macrophages shown
prominent phagocytic activity with the more intracellular fungal cells per macrophage
in comparison with wildtype cell. Although more fungal cells contained within FcyRllb-
/- macrophages than wild-type but the killing activity of FcyRllb-/- macrophages did
not different from wild-type macrophages as determined by the higher viability of
intracellular yeast in FcyRllb-/- macrophages. To see if prominent phagocytosis and
more live fungal containment in FcyRIlb-/- macrophages play an important role in
fungal dissemination and cryptococcosis severity in FcyRllb-/- mice, an in vivo
macrophage depletion model was performed. The FcyRllb-/- and wild-type mice with
clodronate induced macrophage depletion were infected with C. neoformans. Indeed,
the macrophage-depleted FcyRilb-/- mice show the reduction in fungal burdens.
Moreover, the role of macrophage function was confirmed by either fungal contained-
FcyRIlb-/- or wild-type macrophage (infected macrophage) was transferred to wild-type
mice. Indeed, the wild-type mice administered with infected FcyRIllb-/- macrophage
shown the higher fungal burden. Additionally, the cytokine secretion from macrophage
in vitro and in vivo model after C. neoformans administration found that pro-
inflammatory cytokine, TNF-a, IL-6 but not IL-10 significantly different between FcyRllb-

/- and wild-type counterpart. The role of T helper cell also examined by T cell
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subpopulation analysis and IFN-y intracellular staining suggesting that the severity of
cryptococcosis in FcyRllb-/- mice did not depend on T helper cell deficiency.
Therefore, we conclude that more severe cryptococcosis in FcyRIlb-/- mice was
due to enhanced dissemination, possibly through the Trojan horse mechanism, and
the hyper-responsiveness of pro-inflammatory cytokine production during sepsis. This
is the first report of the disadvantage of the prominent macrophage function of FcyRllb-
/- mice in cryptococcosis. In clinical translation, we propose FcyRIlb loss-of-function-
polymorphisms as a new risk factor for cryptococcosis. Moreover, we demonstrated
the similarity of symptomatic lupus from pristane induction and FcyRllb-/- in i) the
susceptibility against cryptococcosis, i) the macrophage activities and iii) the Th cell
activation in spleen. These suggested the higher impact of the hyper-immune
responsiveness over the genetic background on cryptococcosis susceptibility in
symptomatic lupus condition. The prevention for cryptococcosis, especially in the
endemic area, is possibly beneficial for patients with symptomatic lupus, regardless of

the lupus genetic background.
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APPENDIX

APPENDIX A
MATERIALS AND EQUIPMENT

Material

0.1% gold choride (Merck, Germany)

0.22 um Surfactant-free cellulose acetate membrane filters (Minisart, Sartorius
Stedim Biotech GmbH, Germany)

0.25% Trypsin in 1 mM EDTA (Hyclone, USA)

0.4% Trypan blue solution (Hyclone, USA)

1X GolgiPlug (Biolegend, USA)

2x Master Mix (Invitrogen, USA).

95% alcohol (Liquor distillery organization excise department, Thailand)
96-Well Flat-bottom tissue culture plates (Nunclon D, Denmark)
Absolute alcohol (Merck, Germany)

Agarose

anti-F4/80, anti-CD11b, anti-CD4, anti-CD8, anti-CD69, anti-CD44, anti-CD62L, anti-IFN-y
(Biolegend, USA)

Ammonium chloride (NH4Cl) (Sigma-Aldrich, USA)

Barrier tips; 20, 100, 200, and 1,000 pl (Neptune, Mexigo)
Beta-mercaptone (Sigma-Aldrich, USA)

Bovine serum albumin (BSA) (Sigma-Aldrich, USA)

Bradford protein assay (Thermo Scientific, USA).

Calf Thymus DNA (Invitrogen, USA).

CD4* T Cell Isolation Kit, (Miltenyi biotec, Auburn, CA, USA).

Cell strainer (Nylon 70 um, Falcon)

Conical centrifuge tube; 15, 50 mL (Nunc, USA)

Clodronate-liposome (Encapsula Nanoscience, USA)

Cryovial (Nunc, Denmark)

DMEM medium (Hyclone, USA)

Diff-Quick stain (Life Science Dynamic Division, Nonthaburi, Thailand).
Dimethyl sulfoxide (DMSO) (Sigma-Aldrich, USA)

Disodium hydrogen phosphate (Na,HPO,) (Sigma-Aldrich, Germany)
EDTA (Merck, Germany)
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EnzyChrom ALT assay (BioAssay, USA)

Eosin (Merck, Germany)

Fetal bovine serum (Hyclone, USA)

Glycerol (Merck, Germany)

Hemacytometer (Bright line) (BOECO, Germany)

Hematoxylin  (Merck, Germany)

HEPES (Hyclone, USA)

Horse serum (Hyclone, USA)

L-3, d-dihydroxyphenylalanine or DOPA (Sigma-Aldrich, USA)
Methenamine silver solution (Merck, Germany)

Mouse TNF-q, IL-6, IL-10, IL-12p70 ELISA kit (eBioscience, USA)
HRP conjugated goat anti-mouse isotype specific antibodies (BioLegend, USA)
IFN-y (10 ng/ml final concentration; BiolLegend, USA)
lonomycin (Sigma-Aldrich, USA)

LPS (100 ng/ml final concentration; Sigma-Aldrich)
Microcentrifuge tube (Eppendorf, USA)

MTS assay (Promega Corporation, USA)

Peroxidase-conjugated goat anti-mouse antibodies (BioLegend, USA)
PMA (Sigma-Aldrich, USA)

Proteinase K (Invitrogen, USA).

Potassium hydrogen carbonate (KHCOs3) (Sigma-Aldrich, USA)
QuantiChrom Creatinine Assay (BioAssay, USA)

Sabouraud Dextrose Agar (Difco, USA)

Sodium dodecyl sulfate (SDS) (Sigma-Aldrich, USA)

Serological pipettes; 5, 10, and 25 mL (Corning, USA)

Sodium bicarbonate (NaHCO3) (Sigma-Aldrich, Germany)
Sodium carbonate (Na,COs3) (Sigma-Aldrich, Germany)

Sodium chloride (NaCl) (Sigma-Aldrich, Germany)

Sodium dihydrogen phosphate (NaH,PO,) (Sigma-Aldrich, Germany)
Sodium Pyruvate (Hyclone, USA)

Steptomycin/Penicillin G (Hyclone, USA)

Sulfuric acid (H,SO4) (Sigma-Aldrich, Germany)

Syringe (Nipro, Thailand)

Tissue culture flask; 25, 75 cm2 (Nunc, Denmark)

Tissue culture plates; 6, 12, 24 and 96 wells (Nunc, Denmark)
TMB Substrate Set (BioLegend, USA)



Tris (Sigma-Aldrich, Germany)
Tween20 (Merck, Germany)
Urea agar (Difco, USA)
Xylene (Merck, Germany)

Equipments

CytoSpin chamber (Thermo Scientific, USA)

-20°C Freezer (Sanyo, Japan)

-80 °C Freezer (Sanyo, Japan)

Autoclave (Hirayama, Japan)

Auto pipette: P-20, P-100, P-200, P-1000 (Gilson, France)

Auto pipette: P-10, P-1000 (Socorex, Switzerland)

Biological safety cabinet (Astec-Microflow, Bioquell UK Ltd, UK)
Bio Rad Trans-Blot SD Semi Dry Transfer (Bio-Rad, PA, USA)
ChemiDocmXRS (Bio-Rad Laboratories, Inc, USA)

COzincubator (BINDER GmbH, Germany)

Electrophoresis (Wealtec, Taiwan)

Eppendorf Master Cycler Gradient Thermal Cycler (Germany)
Equipment gel electrophoresis apparatus (Bio-Rad Laboratories)
Fireboy (IBS, Switzerland)

Hemocytometer (Boeco, Germany)

Heat block (Scientific Industries, Inc, USA)

Hotplate (Stuart, Germany)

Incubator (Memmert GmbH, Germany)

Inverted microscope (Olympus, Japan)

LightCycler 2.0 Instrument (Roche, Germany)

Micropipettes (Gilson, France)

Multi-channel pipette (Socorex, Switzerland)

NanoDropm 1000 Spectrophotometer (Thermo Fisher Scientific, Inc, USA)
pH meter (Thermo Fisher Scientific, Inc, USA)

Refrigerated centrifuge (Sanyo, Japan)

Safety cabinet (Augustin, Thailand)

Spectrophotometer (Bio-Rad Smart Specm Plus, Bio-Rad Laboratories, Inc,USA)
Vertical Laminar Flow workstation (Microflow, UK)

Ultrasonic water bath (GEN-PROBE, Germany)

Water bath (MemMert GmbH, Germany)
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UV Transilluminator (Bio-Rad, USA)

Software and programs
EndNote X7.7.1

Flow Jo v.10

GraphPad Prism 6.0
SPSS 11.5 software
G-power 3.0.10

Adobe Illustrator CS3
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APPENDIX B
MOUSE GENOTYPING

1.DNA extraction
1.1 Reagent

Lysis solution: 20mM NaCl, 20mM EDTA, 40mM Tris-HCl pH 8.0, 0.5% SDS, 0.5% Beta-

mercaptone

5M NaCl 20 ml
0.5M EDTA 20 ml
IM Tris 20 ml
10% SDS 25 ml

Beta-mercaptone* 2.5 ml

Distilled water 412.5 ml

* Beta-mercaptone should be added to solution prior to use

Proteinase K: 20 mg/ml in H20

Saturated NaCl (approximately 6 M)

1.2 Protocol

(1) Lyse the cells or mouse tail or ear piece in 500 pl of lysis solution. Add 20 pl of
proteinase K (20mg/ml).

(2) Incubate at least 4-6 hours at 55°C. (prefer overnight)

(Optional; Add 250 pl of saturated NaCl shake well for 10 secs and let it stand for 15
min on ice)

(3) Centrifuge 10 to 15 min at 13,000 rpm, room temperature.

(4) Transfer the clear DNA solution (supernatant) into a clean tube and precipitate it
with 750 pl of ethanol.

(5) Pellet gently by spinning at room temp (13,000 rpm, 15 min).

(6) Wash the DNA precipitate with 70% ethanol and air dry.

(7) Dissolve it in 100 pl TE or DW. DNA can be put into solution rapidly by soaking

tubes at 55°C for 15 min.



2. PCR for FcyRllb-/- genotyping

2.1 PCR mixture preparation

Calculation and aliquot PCR composition as following table in 1.5 ml microcentrifuge

tube

Primer:

PCR Mixture pl/samples

2x Master Mix (ul) 7.5

dH20 4.5

10 uM FcREC1 0.38

10 pM OL4143 0.38

10 uM OL4080 0.75
13pul/sample

Mouse DNA 2

FCcREC1-Forward: 5’-AAGGCTGTGGTCAAACTCGAGCC-3’
OL4143: 5’-CTCGTGCTTTACGGTATCGCC -3’
OL4080: 5’-TTGACTGTGGCCTTAAACGTGTAG -3’

2.2 PCR condition

Set Thermal cycler machine as show in table

Table 1. PCR condition for mouse genotyping

Step | Temperature (C°) | Time Cycles

1. 98 3 min

2. 98 30 sec

3. 60 30 sec 35 cycles
a. 72 60 sec

5. 72 5 min

6. 4 forever
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3. Gel electrophoresis

The PCR products were run on agarose gel by using 4ul PCR product with 1 pl
loading dye and run on 2% agarose gel with 80V for 60 min. The FcyRIlb+/+ or wildtype
mice should give 173 bp only, FcyRllb+/- or heterogenous mice should give 173 bp
and 232 bp products. However, FcyRIlb-/- or knockout mice shold give only 232 bp as

show in figurel.

Figure 1. Representative result from FcyRllb genotyping

Lane 1: DNA radder; 2: FcyRllb+/+ or wildtype mouse; 3: FcyRllb+/- or heterogenous
mouse; 4: FcyRllb-/- or knockout mouse; 5: FcyRllb+/+; 6: FcyRllb-/-; 7: FcyRllb-/-; 8:
FcyRIlb+/+; 9: FcyRllb+/+; 10: FcyRllb+/+; 11: FcyRIlb+/-; 12: FcyRIlb+/+ positive control;
13: FcyRIllb-/- positive control; 14: FcyRllb+/- positive control; 15: Distilled water

negative control

(Saiworn W, et al. Calcif Tissue Int. 2018;103(6):686-97.)



APPENDIX C
ANTI-DOUBLE STAND DNA PRODUCTION IN MICE

ELISA to measure serum levels of murine anti-dsDNA antibodies
1.Reagent
1.1 Coating solution pH 9.5
Na,CO5 0.356¢
NaHCO, 0.84¢
Distilled water 100 ml
1.2 Washing solution
0.05% Tween-20 in PBS
1.3 Blocking solution
5%FBS and 3%BSA in PBS+0.1% Tween-20

2.Protocol

(1) Dilute antigen using coating buffer (from stock Calf Thymus DNA solution 10mg/ml,
Invitrogen, lot n0.1508585, ref no.15633-019).

(2) Add 100 pg/ml calf DNA (10mg/ml) to a 96-well microtest assay plate.

(3) Wrap the plate with plastic wrap and incubate at 4 C for overnight.

(4) Discard the coating antibody solution and wash the plate with washing solution 5
times.

(5) Dry the plate and add 100 pl of blocking solution per well to the plate.

(6) Incubate the plate at room temperature (RT) for 1.5 h with shaking.

(7) Discard the blocking solution and wash the plate with washing solution 5 time.

(8) Dilute the mouse serum in blocking solution (dilute1:100, if mice age of 6m use
1:400).

(9) Add 100 pl/well of diluted serum in duplicates to the plate. Serum should be
diluted in 1%BSA in PBS and titration is required to achieve optimal detection (1:100)
(10) Incubate the plate at RT for 1 h with shaking.

(11) Discard the diluted serum and wash the plate with washing solution 5 times.
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(12) Add 100 pl/well of HRP conjugated goat anti-mouse isotype specific antibodies
(Cat.405306, 500 pl, BioLegend) (1/4,000 in blocking solution) to the plate and
incubate at RT for 1 h with shaking.

(13) Discard the secondary antibodies and wash the plate with washing solution 5
times.

(14) Add 100 pl/well of 1:1 mix of ABTS Peroxidase Substrate Solution A and B (TMB
Substrate Set, Cat.421101, BioLegend) to the plate.

(15) Develop the plate at RT in dark. Incubation times will vary depending on your
assay (10minutes).

(16) Stop the reaction by adding 100 pl/well of ABTS Peroxidase Stop Solution (2N
H2504)

(17) Read the plate using an ELISA reader with a wavelength of 450nm

3. Determination of anti-dsDNA production by FcyRIlb+/+ and FcyRIlb-/-

3-
- FcgRIlb-/-
== FcgRIlb+/+
2-
E
S
2 11
)
o
0-

Mice-Age (month)



APPENDIX D
THE HISTOLOGY STAINING

1.Hematoxylin and Eosin staining

(1) Deparaffin by add slide in xylene jar for 3 jars, each jar for 10 min.
(2) Add slide in 95% alcohol for 3 jars, each jar for 20 second.

(3) Soak in bowl with water running for 2-3 min (Beware slide drying)
(4) Staining step, add slide in hematoxylin jar for 3 min.

(5) Running water for 3 min.

(6) Dip slide in 95% alcohol for 10 dip.

(7) Add slide in eosin jar for 3 min.

(8) Dip in 95% alcohol for 10 dip.

(9) Dip in 95% alcohol for 10 dip.

(10) Dip in absolute alcohol for 10 dip.

(11) Dip in absolute alcohol for 10 dip.

(12) Dip in xylene for 10 dip.

(13) Dip in xylene for 10 dip.

2. Microwave G.M.S. staining (Grocott-Gomori's or GGm&ri methenamine silver)
(1) Deparaffin by add slide in xylene jar for 3 jars, each jar for 10 min
(2) Add silde in 95% alcohol for 3 jars, each jar for 20 second.

(3) Soak in bowl with water running for 2-3 min (Beware slide drying)
(4) Add slide in 5% chromic acid, heat for 10 sec. wait at RT for 30 sec.
(5) Running water 1 min.

(6) Wash with distilled water.

(7) Add slide in methenamine silver solution (fresh prepare).

Heat for 10 sec. wait at RT for 30 sec.

Heat for 20 sec. wait at RT for 30 sec.

Heat for 10 sec. wait at RT for 30 sec.

(8) Slide present black-brown color and rised with distilled water

(9) Dip slide in 0.1% gold choride 1-2 dip
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(10) Wash with distilled water

(11) Add slide in light green for 5 min

(12) Wash with distilled water

(13) Dehydrate slide (95%alcohol, absolute alcohol, absolute alcohol, xylene, xylene)
(14) Mounting slide and examine slide by fungi present gray to black; background

present green color.



132

APPENDIX E
BONE MARROW DERIVED MACROPHAGE

1. Media preparation

*All media ingredients using Hyclone, USA

1.1 DMEM completed media
DMEM serum free media 100 ml
(high glucose)

FBS 10 ml
HEPES 1 ml
Sodium Pyruvate 1 ml
Step/PenG 1 ml

1.2 BMM media

DMEM completed media 80 ml
L929 culture supernatant 20 ml
Horse serum 5ml

1.3 Preparation of BM macrophage freezing media
DMEM (without serum) + 20% FBS
DMEM (without serum) + 20% FBS+ 20%DMSO
Add 500 ul of (1) and follow by adding 500 ul of (2)

2. 1929 culture supernatant preparation

NCTC clone 929 (L cell, L929, derivative of Strain L) (ATCC)

(1) Thaw cells by using DMEM serum free media and plate cells on TC culture flask
Pass cells by using Trpsin-EDTA

(2) Culture cells in 8 ml of DMEM completed media in 5% CO,, 37°C

(3) Cells should be grown at 70-80% confluent before passage or collection of

supernatant
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(4) Filtrate supernatant using 0.2 um filter
(5) Freeze cells by using 10%DMSO in DMEM completed media, keep in -80C for

overnight before transferring to liquid N, for long storage

3. Ammonium chloride lysis (Red Blood Cell lysis buffer)

KHCO; 0.5 ¢
NH,CL 415 g
EDTA 0018 g

Made up to 500 ml in distilled water

Autoclave before use.

Resuspend cell in 1 ml media and add to 9 ml lysis buffer (1:10)
Stand for 3 min (red cell lysis will be visible) and pellet cell.

4. Protocol

(1) Mice were sacrified for femur bone.

(2) Bone were suspended in DMEM serum free on petri dish and use gaze to eliminate
the remaining muscle

(3) Bone were resuspended in DMEM serum free in 15 ml centrifuge tube on ice to
transfer to tissue culture room

(4) Pour all bones and media on petri dish in laminar flow

(5) Prepare 0.5 ml microcentrifuge (small) tube with a pore at the bottom of tube and
then put this tube in 1.5 ml microcentrifuge (big) tube (all is steriled before use). All
tubes are on ice.

(6) Use scissors to cut the bone on header and footer of bone and put a piece of
bones in microcentrifuge tube with pore

(7) Centrifuge at 6,000 rpm, 10 min, 4°C. Bone marrow cells will be pelleted on bottom
of 1.5 ml microcentrifuge tube with red color (red blood cell)

(8) Add 1ml of DMEM in cell pellet and dispersed by pipette up and down.

(9) To eliminate red blood cell, prepare 9ml Red Blood Cell lysis (RBC lysis or NH4Cl

solution) in 15 ml centrifuge tube
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(10) Add 1 ml of cell suspension in 9ml RBC lysis and incubate for 5 min on ice

(11) Centrifuge 1,000 rpm, 10min, 4°C and discard superatant (cell pellet should be
no red color of RBC, if see some red should be treat again)

(12) Add BMM media Iml/pellet and dispersed by pipette up and down and pool cell
suspension in 50 ml centrifuge tube on ice

(13) Count bone marrow (BM) cell with 0.4% trypan blue (cell 4 in trypan 16 pl, dilution
factor is 5)

(14) Plate cell on petri dish at 5x10° cells/plate in 8 ml BMM media

(15) Incubate at 37°C, 5%CO2

(16) Add fresh BMM 3ml on day 4 of incubation

(17) Harvest bone marrow derived macrophage on day7 of incubation by using cold-
PBS

(18) Count the cell and feed into tissue culture well plate for your experimental design.
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APPENDIX F
SPLENOCYTES ISOLATION

Splenocytes isolation

1. Preparation of ACK lysis buffer (RBC lysis buffer)

NH,CL 8.26 ¢
KHCO, 1g
EDTA 0.037 g

Distilled water 1000 ml
Mix well and autoclave. Store up to 6 months at room temperature or 4°C. RBC lysis
buffer should always be used at room temperature.
2. Protocol (no enzymatic digestion)
(1) Take a 6-well plate and add 10ml of ice-cold PBS into individual well. (one well
per one tissue)
(2) Place a strainer (Nylon 70 um, Falcon) into each well.
(3) Clip the spleen into several pieces with scissors.
(4) Use the plunger to gently mesh the tissue over the strainer.
(5) Remove the strainer and transfer cell sample into 15 ml conical tube.
(6) Centrifuge 1200 rpm, 5 min, 4°C
(7) Aspirate out the supernatant, and flick the bottom of the tube to disperse cells.
(8) Resuspend cells in ACK lysis buffer. Normally use 4 ml for regular sized spleen (70-
100 mg), 4 ml for BM, and 2 ml for the thymus.
(9) Incubate cells in ACK for 5 min, RT
(10) Add 10 ml of PBS or medium to stop the lysis.
(11) Spin 1200 rpm, 5 min, 4°C
(12) Remove the supernatant.
(13) Flick the bottom of the tube to disperse cells.

(14) Resuspend cells in 10 ml of appropriate buffer and count it.

*Tissues and cells should be processed at 4°C if not indicated



APPENDIX G
CULTURE MEDIA

1. Sabouraud Dextrose Agar
Pancreatic digest of casein
Peptic digest of animal tissue.
Dextrose
Agar
Distilled water

2. Urea Agar Slants
Digest of gelatin
Dextrose
Sodium chloride
Potassium phosphate
Urea
Phenol red
Agar
Distilled water

50¢
50¢
40.0 ¢
150¢
1000 ml

1.0¢
10¢g
50¢
20¢
200 ¢
0.012¢
150¢
1000 mt

3. L-3, 4-dihydroxyphenylalanine or DOPA medium

Flask |

Sabouraud dextrose agar
Potato dextrose agar
Agar power

Tween 80

Distilled water

Flask II

Caffeic acid (avoid light)
Distilled water

4g
4g
6g
80 pl
280 ml

0.2¢
120 ml

Autoclaved flask | and I, mix together, pour plate and wrap plate with aluminum foil

to avoid light



APPENDIX H
CELL VIABILITY BY MTT ASSAY
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Figure H1. Percent cell viability by MTT assay. Bone marrow derived macrophages were
generated from FcyRIIB+/+ and FcyRIIB-/- mice, the macrophages were challenged with

C. neoformans MOI 5:1 for 24-96 h.
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