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    Chapter 30   

 Dendritic Cell-Based Vaccine Against Fungal Infection                     

     Keigo     Ueno    ,     Makoto     Urai    ,     Kayo     Ohkouchi    ,     Yoshitsugu     Miyazaki    , 
and     Yuki     Kinjo      

  Abstract 

   Several pathogenic fungi, including  Cryptococcus gattii ,  Histoplasma capsulatum ,  Coccidioides immitis , and 
 Penicillium marneffei , cause serious infectious diseases in immunocompetent humans. However, cur-
rently, prophylactic and therapeutic vaccines are not clinically used. In particular,  C. gattii  is an emerging 
pathogen and thus far protective immunity against this pathogen has not been well characterized. 
Experimental vaccines such as component and attenuated live vaccines have been used as tools to study 
protective immunity against fungal infection. Recently, we developed a dendritic cell (DC)-based vaccine 
to study protective immunity against pulmonary infection by highly virulent  C. gattii  strain R265 that 
was clinically isolated from bronchial washings of infected patients during the Vancouver Island outbreak. 
In this approach, bone marrow-derived DCs (BMDCs) are pulsed with heat-killed  C. gattii  and then 
transferred into mice prior to intratracheal infection. This DC vaccine signifi cantly increases interleukin 
17A (IL-17A)-, interferon gamma (IFN-γ)-, and tumor necrosis factor alpha (TNF-α)-producing T cells 
in the lungs and spleen and ameliorates the pathology, fungal burden, and mortality following  C. gattii  
infection. This approach may result in the development of a new means of controlling lethal fungal infec-
tions. In this chapter, we describe the procedures of DC vaccine preparation and murine pulmonary 
 infection model for analysis of immune response against  C. gattii .  
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vaccine  ,   Bone marrow-derived dendritic cells  ,   DC vaccine  ,   T-cell-inducing vaccine  ,   Pulmonary 
infection  

1      Introduction 

   Cryptococcus gattii    is an emerging fungal  pathogen   that infects 
immunocompetent humans via the respiratory tract. This patho-
gen can colonize the lungs and often disseminates to the brain, 
causing  cryptococcosis  , a life-threatening infectious disease with a 
mortality rate of 8–20 %. Although   C. gattii    infection is typically 
endemic in tropical areas such as Australia and Papua New Guinea, 
outbreaks have recently been reported on Vancouver Island and in 
surrounding areas [ 1 – 4 ]. To promote awareness of this outbreak, 
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 public health   working groups have been organized in the Centers 
for Disease Control and Prevention of the United States and British 
Columbia [ 5 ,  6 ]. 

 It is a key feature of highly virulent strains of  C.    gattii    that they 
do not induce a strong infl ammatory response after infection. 
Previous studies showed less migration of leukocytes and lower 
amounts of infl ammatory cytokines in the lungs of mice experi-
mentally infected with the  C.    gattii    R265 strain that was clinically 
isolated during the Canadian outbreak than in those infected with 
 Cryptococcus neoformans  standard strain H99 [ 7 – 9 ]. A smaller 
amount of infl ammatory cytokines was also observed in the cere-
brospinal fl uid of humans infected with  C.    gattii    [ 10 ,  11 ]. A recent 
study induced a mixed infection of  C. neoformans  strain H99 and 
highly virulent  C.    gattii    strain R265. Consequently, R265 infec-
tion inhibited chemokine expression and the infi ltration of Th1 
and Th17 cells in the lungs of mice infected with H99 [ 12 ]. These 
data suggest that the highly virulent  C.    gattii    strain can suppress 
the infl ammatory response rather than evade it. 

 This immunosuppressive response might be explained by the 
characteristics of cell components of  C. gattii .    It is known that 
 C. gattii  as well as  C. neoformans  cells are enveloped with capsular 
polysaccharides consisting of  glucuronoxylomannan   (GXM) and 
galactoxylomannan (GalXM) [ 13 ]. These polysaccharides not only 
protect yeast cells from environmental  stress   but can also be 
released in culture supernatant, where they are known as exopoly-
saccharides [ 13 ]. GXM and GalXM account for approximately 90 
% and 10 %, respectively, of the total exopolysaccharides of  C. neo-
formans  [ 14 ,  15 ]. These polysaccharides can play an inhibitory role 
in numerous  immune response  s including cytokine production 
and leukocyte migration in vitro and in vivo [ 16 ]. Administration 
of purifi ed GXM can inhibit infl ammatory responses and improve 
symptoms in experimental endotoxin shock and rheumatoid arthri-
tis [ 17 ,  18 ]. The results of these reports suggest that capsular poly-
saccharides play a role in the virulence of  C. gattii .    

 The high virulence and immunosuppressive behavior of  
C.    gattii    often interfere with the analysis of protective immunity 
against  C. gattii  infection. In other words, the experimental “loss- 
of- function” approach using gene knockout mice may interfere 
with the study of protective immunity, owing to the immuno-
suppressive effect. A few studies have demonstrated protective 
 immunity against highly virulent  C.    gattii    using gene knockout 
mice, and this immunity remains to be elucidated [ 19 ,  20 ]. 

 Recently, we demonstrated protective immunity against 
 C.    gattii    infection by a gain-of-function approach using a dendritic 
cell (DC)-based  vaccine   [ 21 ]. DCs play a central role in  T-cell   acti-
vation [ 22 ] and can also be used as  antigen   delivery systems for 
vaccines against cancers or infections [ 23 ,  24 ]. Adoptive transfer of 
DCs pulsed with fungal cells or with fungal RNA has also been 
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used as a means of assessing T-cell-mediated immunity against 
pathogenic fungi [ 25 – 27 ]. In our study, mouse  bone marrow  - 
derived DCs (BMDCs) were pulsed with heat-killed  C.    gattii    and 
were then adoptively transferred into mice prior to intratracheal 
 C. gattii  infection. This  DC vaccine   markedly increased interleukin 
17A (IL-17A)-, interferon gamma (IFN-γ)-, and tumor necrosis 
factor alpha (TNF-α)-producing T cells in the lungs and spleen 
and ameliorated pathology, fungal burden, and mortality following 
 C.    gattii    infection [ 21 ]. 

 In this chapter, we describe an experimental  DC vaccine   used 
to study protective immunity against the fungal  pathogen    C. gat-
tii .    As described above, capsular components are known to sup-
press several  immune response  s by DCs [ 28 ,  29 ]. Accordingly, we 
used a capsule-defi cient mutant of  C.    gattii    ( cap60  deletion mutant, 
∆ cap60  strain) as a  vaccine    antigen  . To evaluate the vaccine’s 
 effi cacy, serum antibody titer,  T-cell   response to antigen restimula-
tion, and protective effect against infection are generally measured. 
We also describe the  pulmonary infection   model used to evaluate 
the effi cacy of the DC vaccine.  

2    Materials 

       1.     C.    gattii    ∆ cap60  or other acapsular strains.   
   2.    Yeast extract peptone dextrose (YPD) medium: 1 % [weight/

volume (w/v)] yeast extract, 2 % (w/v) Bacto-Peptone, and 
2 % (w/v) dextrose, sterilized by autoclaving. Add 2 % (w/v) 
agar to prepare YPD agar plate.   

   3.    50-mL Conical tubes with screw cap with 0.2-μm fi lter mem-
brane (Greiner Bio-One).   

   4.    Sterile and endotoxin-free Dulbecco’s phosphate-buffered 
saline (DPBS; Invitrogen).   

   5.    Disposable hemocytometer.      

       1.    C57BL/6J mice (Japan SLC).   
   2.    RPMI 1640 complete medium: RPMI 1640 medium (Sigma) 

supplemented with 10 % fetal bovine serum (FBS), 1 % strep-
tomycin–penicillin solution (Sigma; 10,000 units of penicillin 
and 10 mg/mL of streptomycin), 44 μM 2-mercaptoethanol.   

   3.    Murine granulocyte–macrophage colony-stimulating factor 
(mGM-CSF; PeproTech).   

   4.    10-cm-diameter Petri dishes: Untreated for cell culture.   
   5.    26 G × 1/2 needle (TERUMO).   
   6.    2.5-mL syringe (TERUMO).   
   7.    70-μm Cell strainer (Corning).   

2.1  Preparation 
of Heat-Killed  C.    gattii  
  for  Vaccine    Antigen  

2.2  Preparation 
of BMDCs
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   8.    Red blood cell (RBC) lysis buffer: Mix 9 volumes of 0.83 % 
(w/v) NH 4 Cl and 1 volume of 200 mM Tris–HCl pH 7.6, 
prior to use. Sterilize each stock solution by fi ltering through a 
sterile 0.2-μm membrane and store at 4 °C.   

   9.    Hemocytometer.   
   10.    Trypan blue solution, 0.4 % (w/v), sterile-fi ltered (Sigma).      

       1.    Heat-killed ∆ cap60  strain (1 × 10 9  cells/mL).   
   2.    RPMI 1640 complete medium: RPMI 1640 medium (Sigma) 

supplemented with 10 % FBS, 1 % streptomycin–penicillin 
solution (Sigma; 10,000 U of penicillin and 10 mg/mL of 
streptomycin), 44 μM 2-mercaptoethanol.   

   3.    Mouse granulocyte–macrophage colony-stimulating factor 
(mGM-CSF; PeproTech).   

   4.    10-cm-diameter Petri dishes, untreated for cell culture.   
   5.    Sterile and endotoxin-free DPBS.   
   6.    Hemocytometer.   
   7.    Trypan blue solution, 0.4 % (w/v), sterile-fi ltered (Sigma).   
   8.    C57BL/6J mice (Japan SLC).   
   9.    30 G × 1/2 needle (BD) and 1-mL syringe (TERUMO).      

       1.    Vaccinated and non-vaccinated C57BL/6J mice.   
   2.     C.    gattii    clinical isolate R265, highly virulent strain.   
   3.    YPD medium: 1 % (w/v) yeast extract, 2 % (w/v) Bacto- 

Peptone, and 2 % (w/v) dextrose, sterilized by autoclaving. 
Add 2 % (w/v) agar to prepare YPD agar plate.   

   4.    50-mL Conical tubes with screw cap with 0.2-μm fi lter mem-
brane (Greiner Bio-One).   

   5.    Sterile and endotoxin-free DPBS (Invitrogen).   
   6.    Disposable hemocytometer.   
   7.    Vaporizer and isofl urane.   
   8.    24 G × 3/4 indwelling needle (TOP Corporation).   
   9.    Sterile stainless steel mesh (portable tea strainer with handle).   
   10.    2.5-mL Syringe (TERUMO).       

3    Methods 

 The procedural scheme and representative results are shown in 
Figs.  1  and  2 , respectively.

           1.    Fungal strains are generally maintained at −80 °C in glycerol 
stocks. To revive  C.    gattii    cells, scrape off splinters of solid ice 
from glycerol stock using a sterile toothpick or disposable 

2.3  Vaccination 
with DC  Vaccine  
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inoculation loop and streak onto a YPD plate. Incubate the 
plate at 30 °C for 2 days.   

   2.    Pick fi ve to ten colonies and inoculate into 10 mL of YPD liq-
uid medium. Because  C.    gattii    and other fungal cells strongly 
require oxygen for their propagation, aeration of culture con-
tainers should be ensured. It is recommended to use 50-mL 

  Fig. 1     Procedure scheme in this chapter.  Each section number corresponds to 
the main text. In this chapter, we describe an experimental  DC vaccine   for study-
ing protective immunity against the fungal  pathogen    C. gattii  using a murine 
 pulmonary infection   model       

  Fig. 2    Representative results of  C. gattii  murine  pulmonary infection   model. ( a ) Fungal burden in lungs. Heat- 
killed fungi (HK-R265 or HK-CAP60∆: 5 × 10 6  CFUs/mouse),  bone marrow  -derived dendritic cell (DC: 5 × 10 5  
cells/mouse), and DC pulsed with heat-killed fungi (HK-R265/DC or HK-CAP60∆/DC: 5 × 10 5  cells/mouse) 
were administered intravenously twice 14 days and 1 day before the intratracheal infection of R265 (3 × 10 3  
CFUs/mouse). Fungal burden in lungs was evaluated on day 14 postinfection.  NS : nonsignifi cant difference 
vs. unvaccinated mice (None), *  t -test  p  < 0.05 vs. None, #  t -test  p  < 0.05 vs. DC. ( b ) Gross pathology of lungs. 
Lungs dissected from three mice at day 13 postinfection were fi xed in 10 % formalin. The lungs of unvacci-
nated mice were swollen and showed awkward shapes and bumps. Lung homogenates of unvaccinated mice 
are usually very sticky and may contain higher amounts of the capsular component  glucuronoxylomannan   
(GXM) produced by  C. gattii  cells       
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conical tubes that have a screw cap with a 0.2-μm fi lter 
membrane.   

   3.    Shake YPD culture medium (170–200 rpm) overnight at 
30 °C.   

   4.    Harvest yeast cells (5000 ×  g , 5–20 min) and wash twice with 
sterile DPBS.   

   5.    Resuspend yeast cells in a 1/10 volume ratio of DPBS. If cells 
are harvested from 10-mL cultures, cells are resuspended in 
1 mL DPBS. At this point, approximately 2 × 10 9  cells/mL 
 C.    gattii    suspension can be obtained. Using a hemocytometer, 
count cells, and adjust cell density to 1 × 10 9  cells/mL.   

   6.    Transfer cell suspension to a new thermal-tolerant conical tube 
and boil for 1 h to kill fungal cells. Vortex the suspension every 
15 min ( see   Note 1 ). Do not further wash heat-treated cells.   

   7.    Spread the suspension onto YPD agar and incubate the plate at 
30 °C for 7 days to verify that all  C.    gattii    cells are dead.   

   8.    Dispense the heat-killed cells in a small quantity (500–1000 μL), 
and store at −20 °C.      

       1.    Prepare two sterile 50-mL conical tubes and add 10 mL of 
RPMI 1640 complete medium to one and 40 mL of 70 % 
ethanol to the other. Place the tube containing medium in 
crushed ice until use ( see   Note 2 ).   

   2.    Euthanize one to three mice with carbon dioxide and harvest 
femurs and tibias from both legs using forceps and scissors. 
Using paper towels, remove surrounding muscles and tissues 
manually and carefully. Soak bones in 70 % ethanol (50-mL 
conical tube) for 10 s to sterilize them, and then transfer bones 
into the complete medium (50-mL conical tube) with forceps. 
Keep the conical tube containing the bones in crushed ice until 
the next step ( see   Note 3 ).   

   3.    Prepare three sterile 10-cm-diameter Petri dishes. Transfer 
medium and bones into the fi rst Petri dish from the 50-mL 
conical tube. Because this medium contains a small amount of 
ethanol used for the sterilization described above, transfer 
bones to the second Petri dish and add 10–30 mL of fresh 
complete medium to the dish ( see   Note 4 ).   

   4.    Hold the bone with forceps above the second dish and cut off 
both ends (epiphyses) of each bone using scissors. Mince the 
epiphyses in the second dish. To obtain the marrow, repeatedly 
fl ush out each of the shafts with the complete medium in the 
second dish using a 26 G × 1/2 needle and 2.5-mL syringe. 
Collect the marrow clumps in the third dish ( see   Note 5 ).   

   5.    Prepare a sterile 50-mL conical tube and a 70-μm cell strainer, 
and set the strainer on the conical tube. Suspend the marrow 

3.2  Preparation 
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clumps in the second and third dishes, and pass the suspension 
through the cell strainer. The marrow clumps will be trapped 
on the cell strainer and a single-cell suspension will be collected 
in the conical tube.   

   6.    Mash the marrow clumps on the cell strainer using the piston 
of a 2.5-mL syringe. Using 10 mL of fresh complete medium, 
rinse the second and third dishes. Pass the rinse fl uid through 
the cell strainer. Verify that the membrane has been washed out 
completely.   

   7.    Centrifuge (300 ×  g , 5 min, 4 °C) the cell suspension and har-
vest all cells including RBCs. To lyse erythrocytes, resuspend 
the harvested cells in 2–4 mL of RBC lysis buffer. Incubate for 
5 min at room temperature and then add 9 volumes of com-
plete medium (18–36 mL) to stop the lysis reaction.   

   8.    Centrifuge (300 ×  g , 5 min, 4 °C) the cell suspension and resus-
pend in 10 mL of the complete medium. To remove debris, 
pass the suspension through a 70-μm cell strainer set on a 
50-mL conical tube. Rinse the conical tube with 10 mL of the 
complete medium, and then pass the rinse fl uid through the 
cell strainer. Finally, 20 mL of cell suspension will be obtained.   

   9.    Centrifuge (300 ×  g , 5 min, 4 °C) the cell suspension to remove 
supernatant, and resuspend in 10 mL of the complete medium.   

   10.    Count the viable cells using trypan blue dye. From one mouse, 
approximately 4 × 10 7   bone marrow   cells can be obtained.   

   11.    Adjust the cell concentration to 3 × 10 6  cells/mL with the 
complete medium, and then add recombinant mGM-CSF at 
10 ng/mL. Transfer 10 mL of suspension (3 × 10 7  cells) to a 
sterile 10-cm-diameter Petri dish (untreated for cell culture). 
Ten dishes can be prepared from the  bone marrow   suspension 
derived from one mouse.   

   12.    Incubate dishes for 3 days at 37 °C under 5 % CO 2 .   
   13.    On day 3, remove 6 mL of the medium in the culture and add 

7 mL of fresh complete medium to the dish.   
   14.    On day 5, add 5 mL of fresh complete medium. On day 6, col-

lect nonadherent cells in the 15-mL culture by fl ushing the 
medium against the dish with a pipette, and pool the cell sus-
pension of each dish. Rinse each dish with 5 mL of complete 
medium, and pool the rinse fl uid together with the initially 
collected suspension ( see   Note 6 ).   

   15.    Centrifuge (300 ×  g , 5 min, 4 °C) the cell suspension and resus-
pend in 10 mL of complete medium.   

   16.    The viable cells can then be counted as BMDCs. From one 
mouse, approximately 1 × 10 8  BMDCs can be obtained 
( see   Note 7 ).      
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       1.    Adjust the density of BMDCs to 1 × 10 6  cells/mL with 
 complete medium and then add murine recombinant GM-CSF 
at 10 ng/mL and 5 × 10 6  cells/mL (MOI = 5) of heat-killed 
 C.    gattii    (∆ cap60  strain) to pulse BMDCs. Transfer 10 mL of 
suspension to a sterile 10-cm-diameter Petri dish (untreated 
for cell culture). Incubate dish for 24 h at 37 °C, under 5 % 
CO 2  ( see   Notes 8 – 10 ).   

   2.    After incubation, BMDCs engulfi ng  several   acapsular  C.    gattii  
  cells can be observed by microscopy. Collect nonadherent cells 
by fl ushing the medium against the dish with a pipette and 
pool the cell suspension of each dish. Rinse each dish with 
10 mL of DPBS and pool the rinse fl uid with the initially 
 collected suspension.   

   3.    Centrifuge (300 ×  g , 5 min, 4 °C) the cell suspension, and wash 
harvested cells twice with sterile DPBS to remove residual 
mGM-CSF ( see   Note 11 ).   

   4.    Count the viable cells. BMDCs and  C.    gattii    cells can be distin-
guished by differing cellular sizes. From 12 dishes, approximately 
3 × 10 7  cells (60 injections) can be harvested. Adjust the density 
of BMDCs pulsed with the heat-killed ∆ cap60  strain to 2.5 × 10 6  
cells/mL with sterile DPBS, and keep the tube containing the 
suspension in crushed ice until next step ( see   Note 12 ).   

   5.    Inject 200 μL of suspension (5 × 10 5  cells) via the tail vein as 
 DC vaccine   using a 30 G × 1/2 needle and 1-mL syringe. DC 
vaccines are administered twice every 2 weeks.      

       1.    Cultivate highly virulent  C.    gattii    strain R265 in YPD liquid 
medium as described in Subheading  3.1 .   

   2.    After cultivation, dispense 1 mL culture suspension into a 
1.5- mL microcentrifuge tube. Harvest yeast cells (16,000 ×  g , 
2 min) and wash twice with sterile DPBS ( see   Note 13 ).   

   3.    Resuspend yeast cells in 1 mL of DPBS. Using a hemocytom-
eter, count viable cells and adjust cell density to 6 × 10 4  cells/
mL. Dilute this suspension serially and spread onto YPD 
medium to determine the colony-forming units (CFUs) in this 
suspension. Keep the tube containing the suspension in 
crushed ice until use.   

   4.    Anesthetize mice using a vaporizer and isofl urane and intratra-
cheally inject 50 μL of R265 suspension (3 × 10 3  CFUs/
mouse) using a 24 G × 3/4 indwelling needle ( see   Note 14 ).   

   5.    On the day before mouse dissection, prepare 15-mL conical 
tubes to include 2-mL sterile DPBS, and then weigh the tubes.   

   6.    On day 14 post-infection, euthanize the mice by carbon diox-
ide inhalation and carefully and aseptically harvest their left and 
right lung lobes with forceps and scissors. Transfer dissected 
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lungs into the 15-mL conical tubes containing 2-mL sterile 
DPBS described above. Before dissecting the next mouse, soak 
the forceps and scissors in 70 % ethanol to sterilize them. Keep 
the tubes containing lungs in crushed ice until next step.   

   7.    Weigh the tubes containing DPBS and harvested lungs. 
To calculate the lung weight, subtract the weight measured at 
 step 5  from the weight measured at this step. The infected lungs 
of nonvaccinated mice weigh approximately 500–600 mg.   

   8.    Set the stainless steel mesh (autoclavable portable tea strainer 
with handle) on a sterile 10-cm-diameter Petri dish. Transfer 
the lungs and DPBS onto the steel mesh and manually homog-
enize using the piston of a 2.5-mL syringe. Collect the homo-
genates using a pipette and place back into the 15-mL conical 
tube ( see   Note 15 ).   

   9.    Add 3–4 mL of sterile DPBS onto the steel mesh to rinse the 
mesh, dish, and pipette, and pool the rinse fl uid together with 
the initial collecting suspension. Add sterile DPBS to the sus-
pension to a fi nal volume of 5–6 mL. Keep the tube containing 
the suspension in crushed ice until next step.   

   10.    Serially dilute homogenates and spread 100 μL of the suspen-
sion onto YPD plates to determine the CFUs in this sus-
pension. Incubate the plates at 30 °C for 24 h, after which the 
colonies can be counted. At day 14 postinfection, appro-
ximately 5 × 10 6  CFUs are detected in the lungs of nonvacci-
nated C57BL6 mice, in which sex, age, and individual 
differences are generally minor in this test. Thus, 30–200 colo-
nies are detected on a YPD plate spread with 100 μL suspen-
sion of 10 3  diluting solution. Representative data of the fungal 
burden are shown in Fig.  2 .       

4    Notes 

     1.    Although several protocols recommend a 1-h incubation 
period at 60 °C, this often results in incomplete killing of 
 fungal cells.   

   2.    For the preparation of BMDCs, ensure sterile practice. The 
protocol for BMDC preparation has also been described else-
where [ 30 ].   

   3.    Select mouse sex depending on experiment design. Male mice 
have bigger bones and larger numbers of progenitor cells for 
BMDCs [ 30 ]. If DCs are transferred to female mice, female 
mice are preferably chosen to prepare BMDCs.   

   4.    It is recommended to use untreated Petri dishes for cell  culture, 
which are generally used to prepare agar plates for microbial 
cultivation. If the cell-culture-grade dishes are used, BMDCs 
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will adhere strongly to the dishes and the yield of BMDCs will 
be decreased.   

   5.    After the epiphyses are cut off, the bone shaft looks like a tube 
fi lled with red marrow. Marrow suspension, once fl ushed out, 
should not be aspirated again with the needle and syringe. 
Repeated fl ushing through the thin needle might damage the 
cells. The fi rst dish should receive the uncut bone, the second 
dish is a reservoir of fresh medium and cut bone, and the third 
dish receives the marrow suspension fl ushed with fresh medium 
from the second dish.   

   6.    If the cells are harvested on day 7, add 10 mL of fresh com-
plete medium at this point. One dish will contain 20 mL of 
culture medium.   

   7.    Harvested cells consist of CD11c +  and CD11c −  cells. Depending 
on the experiment design, CD11c +  cells should be enriched 
using CD11c-MicroBeads and a MACS ®  Cell Separator 
(Miltenyi Biotec).   

   8.    To boost the immunological function of BMDCs, it is not 
always necessary to add toll-like receptor ligands or  vaccine   
 adjuvant   such as lipopolysaccharide. Interestingly, when BMDCs 
were pulsed with ∆ cap60  and α-galactosylceramide that is 
 displayed on CD1d molecule-expressing BMDCs to stimulate 
natural killer T cells, the effi cacy of DC-based vaccination against 
 C.    gattii    infection was signifi cantly decreased (unpublished 
data).   

   9.    Protein antigens of  C.    gattii    stimulating  T-cell   responses have 
not yet been identifi ed. A recent immune-blotting analysis has 
indicated that protein antigens are recognized by serum 
 antibodies harvested from mice infected with  C.    gattii    [ 31 ]. 
Two protein antigens, MP98 (synonym for Cda2: chitin 
deacetylase) and d25 ( polysaccharide   deacetylase) of  C. neofor-
mans , have been reported to induce T-cell responses [ 32 – 35 ]. 
Immunization using recombinant d25 protein induces a Th1 
response and decreases fungal burden in organs and mortality 
after  C. neoformans  infection in an IFN-γ-dependent manner 
[ 34 ,  35 ]. In contrast, a recent report suggested that MP98- 
specifi c  T cells   in the lungs on day 14 postinfection predo-
minantly expressed the Th2 cytokines IL-5 and IL-13 when 
restimulated for 6 h with phorbol myristate acetate and 
 ionomycin. Induction of MP98-specifi c  T cells   required prim-
ing with interferon regulatory factor 4-expressing conventional 
DC in the lungs and also required the digested cell wall pro-
duced by chitotriosidase, a host intrinsic factor encoded by the 
 Chit1  gene. This study also suggested that the digested fungal 
chitin stimulates pulmonary epithelial cells to release several 
Th2-inducing alarmins such as thymic-stromal lymphopoietin 
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(TSLP), and results in Th2 polarization during  C. neoformans  
infection. Indeed, conventional DC accumulated in lungs 
highly expressing TSLP receptors after  C. neoformans  infec-
tion. Furthermore, survival rate was improved in  Chit1 - 
defi cient mice after  C. neoformans  infection, correlated with 
the decrease of MP98-specifi c Th2 cells in lungs [ 32 ]. The 
amino acid sequences of MP98 and d25 are also highly con-
served in  C. gattii .    Depending on the experiment design, 
appropriate  antigen   proteins should be used.   

   10.    Capsular components are known to suppress several DC 
 immune response  s [ 28 ,  29 ]. We usually use heat-killed  C.    gat-
tii    capsule-defi cient mutant (∆ cap60 ) as  vaccine    antigen  .   

   11.    Because  C.    gattii    cells can also be precipitated with BMDCs 
by the centrifugation, they cannot be removed from the 
suspension.   

   12.    Because some cells pulsed with heat-killed ∆ cap60  strain tend 
to adhere to the dish, cell yield tends to be greatly reduced. 
It was not tested in our study whether the adheren t cells   can be 
used for the vaccination; if they are, they should be gently col-
lected by scraping the plates with a soft rubber spatula.   

   13.    It is diffi cult to precipitate yeast cells enveloped with capsular 
 polysaccharide  . Culture supernatant should be removed as 
carefully as possible.   

   14.    We usually use fi ve mice per group for the fungal burden evalu-
ation and eight mice per group for the mortality evaluation. 
Median survival time of nonvaccinated  C57BL/6 mice   infected 
with  C. gattii  R265 strain (3 × 10 3  CFUs) is 23–35 days, and 
mice begin to die on days 16–20 after infection. Thus, the 
fungal burden in lungs should be evaluated on days 3–15 after 
infection.   

   15.    Because the lung homogenates of unvaccinated mice are 
 generally very sticky at day 14 postinfection, the homogenates 
including the residual solution in the pipette should be  carefully 
collected. An automatic homogenizing mixer (cf. ULTRA-
TURRAX ®  Tube Drive Control and DT-20-M tube, IKA) can 
also be used to prepare lung homogenate.         
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