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7V 7 b3y 7 AEE Cryptococcus neoformans \2 & - T
FIEGEZ SN HMAERBIETH 5. HIERDIEHE 2
HHETRIAHWEG L 2D e shs,. L, i
AT 2419 e (A X, WERE, BE, BEREE,
EMREERE) 23 oBELMENHIFRZMEH L Twa B
TREELZZ7V T by 7 ARG SR, JFIC, KRERW
W IACREBRITE 2 b D726, IRTEEEGNC X B HilE s
ZIRET .

SRPERIE HAROLIE L aBIB SR IR S, EE R 5] &
CEIREMRIC X o TR 2 VSERY TR v M HEEKB#HZ
Y. AFTIE, 27073y 7 ARG T 5 HRIED
L BINIBISEICOWTHH T 5. 25T, TRSRER
DOWHEZ L > THELD 27 Y T P Iy 7 ZONHEEFHIZO W
THHNT 5.

1. 2V 7 bay 7 A%idikd o1y —Vidiv 7y —

WIS R T T MR B I ASHUE R S A AL $ 5
TEARTH LD L, HRRIESR I RE P OPUEIER Y

WIEPAL T 250 T 5. HIRIWIERISWEERE A D51
1% T3 % pathogen-associated molecular patterns (PAMPs)
ANy — Rk L& 7 % — (pattern-recognition receptor :
PRR) &#ie$ 42 & THMALT 5. PRRIEZ O Tt THRIE
PEFA A A 2 ZFE L CHARRIERZFET L7215 Tlds
<, ISR Z ML S % 220 HOBE %09 . PRR
2 L7y 7 F VISBHIRMINE (dendritic cell : DC) & i 1EAL
L, MR+ (CD86 % &) R T ZEA kM A # A
FHEE1K (major histocompatibility complex : MHC) D3]
EFHET L. BRI CREAZID AAZE DCIE=RY ¥
2Lk~ L, MHC-T #ilaL &7 % — (T cell receptor :
TCR) /LT THIIRICHEAZRRT S (Y7 FV1). M
ZC, PRR THE S NI 1205 ORl (v 7 2)
ERBOFA DI A VBREE (V7 FN3) 12k 5T, HEKLC
i U7 PR AR T Mife 7 v b 2siGtfb s .
7T Ay 7 AREESELPAMPs ZFNALTED,
ZNZNH7% 5 PRR 75 PAMPs O @ikl 52", FE%z 2
V7 b3y A0 PAMPs & % i3 % PRR % Table 1
2R, 77 b3y 7 A0 PAMPs i3k & { Toll %%
1K (Toll-like receptor : TLR) & CHIL 7 F ¥ %1k (C-type
lectin receptors : CLR) 12X o CT#ikX¥ 5. TLRIZY 3w
T a NI TEEMOJUE R RIS L E R & LT
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Table 1. Pattern recognition receptor (PRR) and pathogen-associated molecular pattern (PAMP) in

Cryptococcus species

PRRs Signaling pathway PAMP Localization of PAMP
TLR2 MyD88 Galactoxylomannan Capsule
TLR4/CD14 MyD88/TICAM-1 Glucuronoxylomannan Capsule
TLR9 MyD88 DNA Nuclear
Dectin-1 CARD9 S-1,3-glucan Cell wall

Chitin Cell wall
Dectin-2 CARD9 Mannoprotein Cell wall/ Capsule
Mincle CARD9 p-GlcCer Cell membrane
DC-SIGN Various kinases Mannoprotein Cell wall/ Capsule
Mannose receptor Unknown Mannoprotein Cell wall/ Capsule
NLRP3 ASC Unknown Cell wall (?)
NKp30 Syk/ZAP70 S-1,3-glucan Cell wall

Abbreviations; TLR: Toll-like receptor, MyD88: myeloid differentiation primary response 88,

TICAM-1: Toll-like receptor adaptor molecule 1, CARD9: caspase recruitment domain family

member 9, DC-SIGN: dendritic cell-specific intracellular adhesion molecule 3-grabbing non-

integrin, NLRP3: nod-like receptor pyrin domain containing 3, ASC: apoptosis-associated speck-

like protein containing CARD, NK: natural killer, Syk: spleen associated tyrosine kinase, ZAP70:

zeta chain of T cell receptor associated protein kinase 70.

5E STz Toll DIFLIAET 7T 5. TLR iZMllasbC
uA4 Yy F)E— MAE LS HEEEEZ DB, TLR2
X TLR4, TLRO A7V 7 bav 7 Z0ii#i25-%5. TLR ®
YT FNET YT Y =41 Tdh A myeloid differentiation
primary response 88 (MyD88) % Toll-like receptor adaptor
molecule 1 (TICAM-1) 12 X » Tfz#¥ XN 5. TLR2 %
TLR4 MK B SN, 27 3Ty 7 ADOKBEIHE
FE3 % galactoxylomannan % glucuronoxylomannan (GXM)
kT A, M, FEOLOSNV—TIET Y NV —ANITHE
B4 2% TLROA 7 V7 b3y 7 ZRGEHMIZHFGLTBY,
C. neoformans 75 DR E 5T URAS5 HH% DNA % #8:% L
TwaZEEWSPIILA

CLR 1AM 438 2 SR 3 0 REER 2 B 5297 % carbohy-
drate recognition domains (CRDs) # % %, Dectin-1 %
Dectin-2, macrophage inducible C-type lectin (Mincle),
dendritic cell-specific intracellular adhesion molecule 3-
grabbing non-integrin (DC-SIGN), mannose receptor (MR)
BTy s AORBIEG T 5. DN, Dectin-l,
Dectin-2 B X U Mincle ® ¥ 7 FWVIXT ¥ 75 —5FThHbH
caspase recruitment domain family member 9 (CARD9) 12
Lo TmEENS. Dectin-l &2V 7 M3 v 7 ADOMNEEZ
BT DA TN YRR F 2B#T L. HHLDOY
)V — 7% Dectin-2 257 ') 7+ 2 v 7 A ® mannoproteins %
WikL, DCOAAMBENET L LEZWLMITLEZ>Y. &
L2, FEHELOZ IV — Tt Mincle 7237 1) 7 s 3 v 7 ADH#M
Fa FR 0\ AFAE S B BEAR A p-glucosylceramide ( g-GlcCer) #
HikT L ERWLMILL?. Zh s TLR X CLR O Tt
IZFEAES % MyD88, TICAM-1 38 XU CARDY O ¥ 7 F )i
NF«B &G b L, SEMEY A4 M7 A v O#E TR Z25E

$ 52 & THRERZWGMILT 5. 4 © PRR Ot
PAMPs OFEFIZOWTIE, S R 5 255N R L
TWh D, ZROHRBHDBBMINI NS,

TR, BEOLEMICEsT s YT Ay 2 AD
PAMPs P EHT A P HE SN TS, 7T |
v 7 AP B-GlcCer A M IE GleCer synthase 1 (GCS1) i
BFICEDHIEETB Y, BAkE GCS1 ZRME HW72
REE YR S, p-GlcCer A7 V) 7 b3 v 7 ZD¥E M
WCHTH B EDRENTWSY $72, pGlcCer 13X %
SELHBMICHAELTEY, 2o&G512X0H7 )7
Iy 7 ARIERFEINLZEND, HiLwIrF Ui —
Fo b ELTHMFEENRLEY. Mor HEEHESD TV —TF
& bV EEREHR p-GlcCer & FRi#X G- Lz 7 A2 H T
INT Ay I RAEGFERET 7oL TH, FRBAFERD
M EEMNEREB L OBRARBEOKRTZEDL. b g
GlcCer % 0 L 72 = 7 A DI H I 12T f-GleCer HLiRA
HEENTW/z. Rodrigues 513270 7 3y 7 AEGEICE
V} % Bt p-GleCer LR D FERE X 2 7212, EYHTIZH -
GleCer $ifk Pt 5- Lz & 25, JIR L7226 & ABRICH
BEARON EEMNEEOKT 2B 0722, 512, Rod-
rigues H i3t ML B-GleCer HifhkA 7 ) 7~ 2 v 7 2 DHYGH
ZIHITHZELRLTEY, pGlcCer 77 F V2L Y FHil
S N7 p-GleCer Hifk2S 2 V) 7 b 3 v 2 A O ¥é%H % ¥l L
TWAHREMA S %Y. Rhome & 1& p-GlcCer 1235 % €/
70— FVHREER L, K pH 3858 (pH4.0) T &0 ik
B (pH72) TIZBWT AGlcCer I LAT L LA R
WL72Y. —J5, Ueno 5327 V7 hay ¥ A %KY 5
MW C Dectin-l DV A Y NTH D 13-V v DI
MEATHI LR RBLEY. g13-7Vvh v 2EiHse
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Fig. 1. Function of innate and adaptive lymphocyte subsets against pathogens.

Some of the most well-known immune function of each T cell and innate lymphoid cell (ILC) subset is shown.
Gamma delta (y0) T cells and natural killer T (NKT) cells are innate-like T (ILT) cells. ILC and ILT subsets and T cell
subsets play a role in innate and adaptive immunity, respectively. Cytotoxic T lymphocytes (CTL), Thl, yo 1 T cells,

NKT1 cells, natural killer (NK) cells and ILC1s produce type 1 cytokine, such as IFNy, and react to intracellular

pathogens in type 1 immunity. CTL and NK cells eliminate infected cells by granzyme and perforin. Th2, y6 2 T cells,
NKT?2 cells and ILC2s produce type 2 cytokines (IL-4, IL-5 and IL-13) and respond to large extracellular pathogens
in type 2 immunity. Th17/Th22, yo 17/ y0 22 T cells, NKT17/22 cells and ILC3/lymphoid tissue-inducer (LTi) cells
produce type 3 cytokines (IL-17 and IL-22) and react to extracellular pathogens in type 3 immunity.

72207 b3y 7 2 HWTDCEZRIPML-EZA, LDk
WRIEMEY A b h A ¥ DREEFED D ST

%5 50 7 v — 71 Mincle % Dectin-1 K~ 7 2 O fFHT
M5, FNSPRRIZZ V7 b3y 7 ARG HANO S
PN EERLTEALTY Zhig, 207 vavy sy
A DML AFAE L T B B-GlcCer R p-13-7 VI v DH:
WIRE D o 2R H 5. Lzdi>T, 27U 7 b
I v 7 A0 PAMPs FEBL 2§ 5 2 & T D v &gephf
MREEZFECTEDLUERMELND D, PAMPs OFEHBRHHME %
WPRIZE S 2H LT 7 F ¥ RLEHEME~ OIS T
5.

2. KRGEBHTEIBRRE TH O N5 RIZISHE - 1 B ~3 MRIER

H ARSI R O PEALIE FARSIE RITIE 3 5 HIR Y V%R
(innate lymphoid cell : ILC) & #5505 R 1283 5 T Hilfgy
Ty POWHHALEFEET 5. BEGIEICT T A ERITANE
{32054 FTWHFEN, TENENRL DY) VRERY T
Ty bOBERET 2 (Fig. )70, Btk ILCH 7 b
MIREARICIS U724 b4 v EEAL, REEOPER %2 H
9. X0, BIGHIERIE T PR T Mgy 7+ v
PASHBLIL, S OISR IO EAHE S NS, G
PHETLE, —o THMIIEAEY —#Mlds L TR
N, TGz 5.

1 BU%a3% % (type 1 immunity) Tl interferon gamma (IFN
y) EALZEISEDSEETH 220, JEA SN IFNy 135
WER - BREBREATAMIY 07 s —VRFEL, Ml

PR 2 3w 52022 S 72, RSN 2 35 A I3 3
MEZIEH T 5 2 & ChEAZ F#Es 5. IFNy i MHC class
[RMETOT TV — 2O EZFLEL, MRS T M

(cytotoxic T lymphocyte : CTL) 12 & % i JBUKPER: % i3
53 HRGIERD TR E 2 B &G Tid, ILC BT 5
natural killer (NK) #i#2=° type 1 ILC (ILC1), & &2 HEkAR
T (innate-like T : ILT) MEIZJE T 5 type 1 y5 (o 1) T Al
% type 1 natural killer T (NKT1) #lifg2sIFNy % AT 5.
ILT Ml & b NKT Ml & y6 T M NK Al g <
ILCl1 £ 8720, ZRMEICZ L TCR 2584 5%, Lol
RS, BRI L CHREISIEEIL T 5 2 e, HRGE
RCORENEETH L. —77, BISRIERVERE 7 2 &
BB ITlE, CTL % T-helper (Th) 1 MIfEAs IFNy % pE:3
5. %72, NKMIBE CTLIR/S—7+—1) v 75 V¥4
AR LRI EEEE D 5, By TR =
ARFET D, LzhoT, 1 HIGQERIZY 4V ALHMIBN
FHMEME - FRICAR  RIEISE TH 5.

2 ®IGE % (type 2 immunity) TiZ 2 894 M4 A4~ (IL-
4, IL-5 BXOIL-13) %4 L2 WEIR A EETH S, IL-
41EBHINBIZBIT B IGE~NDZ 5 AAL v F 2L, IgE
2O U IR R R0 R SR R\ X AP R 2 HU T B,
F72, L4103 113 & 3E[ LCHRBHEICE S35 M2~ 7
077 —YOMbERMET 57517 Tld e <, TR E
AR OUREYEE) A RS D, IL-5 (ZAFERER 0 A7 R 1
FHIZHGS 9 5. KA Tl type 2ILC (ILC2) % type2 o
(yo2) T MiKL= type 2 natural killer T (NKT2) fifaAs, i
Bl Th2 MBS 2 By 4 v A 4 v 2EET L. Lz
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Fig. 2. Protective and detrimental effect of each immune system against cryptococcal infection.

Type 1 immunity shows protective effect against cryptococcal infection. Thl, NKT1 cells, NK cells and CD44"
memory phenotype T (MPT) cells produce IFNy to induce M1 macrophages. M1 macrophages eliminate phagocytosis
Cryptococcus species and is involved in granuloma formation. NK cells directly recognize f-1,3-glucan on cell wall
via NKp30 and eliminate Cryptococcus species. Type 2 immunity shows detrimental effect against cryptococcal
infection. Th2 and ILC2s produce type 2 cytokines (IL-4, IL-5 and IL-13) to suppress type 1 immunity and induce M2
macrophages. In M2 macrophage, Cryptococcus species escape from phagocyte degradation by vomocytosis. Type |
interferon (IFN), such as IFNa and IFNJ, promotes Th2 differentiation and suppress type 3 immunity. Dectin-2
pathway suppresses Th2 differentiation. Function of type 3 immunity remains active areas of debate. Thl7,
neutrophils and tissue-resident memory T cell (Trym) produce IL-17A that show protective effect against cryptococcal
infection (Ref. 51, 52 and 77). IL-17A producing Trym is induced by dendritic cell (DC) vaccine in vivo. yo 17 T cells
produce IL-17A that detrimental effect against cryptococcal infection (Ref. 49)

EINETH 5.
%% (type 3 immunity) TlZ3 8% A M4 A ¥ (IL-

17 R IL22) A LB HIETH 529, IL-17 13 3. 7Ty 2 AICHT B 1 BREISS

R
BT L0k 2 ER S5, F72, IL22 3 B fila~ e 797 bay s ZAFMENEMETHY, xru7 -
L, $FSERMHERTF FOREAZIMET 5. [EGT
1% type 3 ILC (ILC3) % type 3 yo T HIIE (yo 17T HlE & yo
22T #H3) = type 3 natural killer T (NKT3) MHAT, etk MEZARAES 2 1 RISEIS S EETH S (Fig 2)77 .

WIClE Th17 fifE <> Th22 MikE2s 3 B4 A A v 2 e FHEOIE )T Iy 7 ABRGUIB VT, MEIZ NK i

a‘zﬂf%yw VOREATFEL, MNEIVEEARE &

NTHIET 4. €Dz, 7V 7 M3y 7 AEGETIE,
IFNy 2 L7 Ml w2707 7 —=JICLA28E - BINRRHF
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HIFNy ZpEE L, TL-12 & TL-18 12 & A NK Mg oif it ss
VTN T ADBREIIEST LI EERBL 22230,
BT, FNHHA MAA 2o TEME LS L7z NK Ailig
BNxra7r—Y 0O~ bEEFE (nitric oxide : NO) A% B4
MY AZET, 7Y T hayr ARBET A, BT, NK
MR 235 B3 % # L v PRR & LT NKp30 A3 & & i 7
(Table 1). NKp30 & NK Mg CcREBEHL, kL HHEEY T
A ENTWDA, C57BL/6 % BALB/c # 5L 4D~
A RBTIRBBETALL TV 5323 Li 513k b NKp30 %
BN -13-7 0V v &AL, NKp30 #4- LTk b NK
Az )T vay 2 ARh YIRS HI 2SN
L 72339, NK #iE A3 A g 20 A A i % 5§ 5 BRI
1, BESTRNK L7y —2 &0 0EY - 7 AR S
N, N=T 5= 7T VAL LENLHMBEENAT
%39 NKp30 # /- LCNKAMfaL 20 73y 7 ZOHT
LIIEY FTANRE SN, MEEREINS. Lk
35T, NKMIgIZE#EN F - 3m#Encz) 7hay 7 A
&G A W3 5.

207 hay r AEGICBWT, ILT MBS S5 NKT
Ml & o T MM B 2 2 F 2405 . FH 5 13O NKT
Mg 2s Thl o 5pfb %k < FE5 52 &, @ DC ® CD1d &
4 LT NKT fifg > TCR ~$iJEHER E 1D a-GlCer $£45-%%
IFNy B ZFFEL, YLz U 7 hay 7 2AGENmIh b
SEERRMLZTY. T, FEHLD e T MKKIAY Y A
(TCR-6 KAA~ 7 ) ZIHOB A5, Oy T MILKIE~
7 AT 1 BRIEINE I X B WMAPERRATET A 2 &, @R
PEINHIRY % R TCF-B DRE AR S T W22 & 2
S5 LE. L72zd- T, ILT Miigic B v Tid NKT i
&y THINBOTEEAL NS ¥ 231 BISpiE s 2 Liz2 )
T ha v AOEYERHICEETH 5.

MBI BT, FEH LI NK M2 Ttk <,
CD44" T HiMaHh 5 b IFNy A S NA 2 2SI L
722 —f%MIC CD44 13 A B — T Mol 31 < —
A=, LTHMSNTEY, memory phenotype T cell (MPT)
gt EN-Zo Ty 7Ey Mdz)Fhay sk
FBCHIBAE AR TH B ) A7) TR THHEE ST W
590 HF SO S, MPT 3OS 3 Ha 5 IFNy %
BiEns &, @MY ¥ 28EkICBWT T2 5 IFNy
WsThr e, @CLROT ¥ 7% —4¥Tdh b CARDI
AFRCIHFE S NS Z L R W ST Lz 4R, JESaEing
WAL YA & 5 & RAITIG AL 2 MR E A A ) —
T il (tissue-resident memory T cell : Try) ASHUE SN T
VB Tr 3 EFHOXAEY — THIKLE ® %), sphing-
osine l-phosphate receptor (SIPR) 1 @38l % i) § %
CD69 % mFHT % & & TIRIZHIRA~FEE 75, 72, IL-
TLE Ty —EEHALTEY, MEBNICB 2 TrudMR:
W ILT7 B TH B, BB WT, CD8" Tryld il b xz
MRS AFAET B DICH L, CD4™ Truvid LRk T
WIS 5. Mli% S IEERRIC e T 2 CD8” Truld ik
RPN BT 5 Bl e RIEIR A ISR G- L, IFNy A A L
THEARPER 2 T 5 2 E SR S Tw P, —J
CD4" Trm \E FE MK Z MY v M #% (inducible
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bronchus-associated lymphoid tissues : iBALT) (2B
5942 2 eGSR TS, iBALT (&G - JEmdtk %
JEIC L o CTREEESND Y VST H D, ) 38 & RIS
B Mg sk s> T Mifg sz & 2. $#12, iBALT PITIZ =K
VSR CELESNAHERI DB ENT 74 =271 —%H
T AR EEAET L B LT 62 00, 1 70T
YR EDERRIEIC BV TEE R EE 2 H Y. HiR
PRI BAIKLO 7 5 A A A v FIIZHEREA L S— T (T
follicular helper : Tth) M Z £ %5 CD40-CD40 V) 4"~ K
(CD40L) OAEAEM R IL21 AU TH S, Son HiEA ¥ 7
VI W AV RERE T NMIIB T, O CD4" T Ml
iBALT OIS HIATH S Z &, @ Tih & [AAEIC inducible
T cell costimulator (ICOS) % programmed cell death 1 (PD-
1) %55 A0 CD4" T MEAS Tram & Tfh 1B 72 #=
FTHRBAZRTIE (IS0 E2S, CoOMBER%
Tissue-resident Tth Mg : Tru & % L7z, ), @ Tra#® IL-21
& CDAOL MRAF I IS S CD8™ T Al %> B Milfiw & i 1k
322 LZWoRIILEY. 20T hay 7 AT 4
VARG & FARIZ R 1 RISOEIRE 2 FET L I L5,
Tra@ G- HHESI NS, FIRIEWC L1, @5 TrmlEiA
CHEEL CREIMMEFE SN S 01k L, MPT 1St %1
WndsZ2&26, 77 ay 7 AEFEICBITS Tru
MPT OB EELTH 5.

4. 7V TFay 2 ACET 5 2 RRIEISE

VT b3y 7 AERICBWT, 2 WGIEIREOFEIL 1
RGBS E Z M L, B kzs &SR3 (Fig 2)2 2%,
F72, 2 MGEINEE 1 RSB L B2 T hay s R
OPEEZMET L2720 CTldR, FEINAM2 <70
7 7 — Y& vomocytosis IC X o THEE7 YT havy s X
MBS 5 & & TR A LA Y. Bk OffEs
5, T2 ZFTiE%<ILC2 b7V T bay 7 ABEREIIEBT
L2MGBIEE R FET L2 EDHE SN0 Kinder-
mann 5 (% ILC2 X Th2 D LIZLE LRGN FTh 5 re-
tinoic acid receptor-related orphan receptor alpha (RORa)
R MAE A RIS RIB S B2y A& Wz ) Fhay
7 ASEGFG S, Q2 BRI A A A VEAMET T 52 L,
OBINWEPET T2 2 &, @ILC2 DAL D AiNEE
BEATEZZEEZHLMIL .

1A% —7x8v >y (IFN-I) & IFNa & IENg 12 KB &
n, YA NVASEEFET L. FHELE, 2T bay
7 ABPIIB VT, [FNIOEBEASFESNL I L2 B L
723, 22T, T IEN-I ORER RIT % 72012, TFN-I
L7 % — (IFNARI) RIE~YT A HWTHEIT L2 E 25,
IFN-I75, M1 8E 3 MGEREL T2 2L, @284
A bAA VEER Th O bEFHET 2 L2 LML
7. 207 ay 7 233 FSERWERTEALTCY
22 7z 2, KO EBE LB TH D GXM 5w
RIEIHRNREZRTIERD, 7V T ~ay 7 2o RER
MRS LTS 2. 2y T hay s ABRBICBITS
IFN- BEAEREHIEABITH %A%, IFND 1 GXM & WARIC 7
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Table 2. Studies to investigate the function of IL-17A and neutrophils

Effects Mouse strains Cn strains (Serotype)  Depletion methods Reference
IL-17A Detrimental ~ C57BL/6 B3501 (D) Gene Disruption Ref. 49
Protective BALB/c H99y (A) IL-17A antibody Ref. 51
Protective C57BL/6 52D (D) Gene Disruption Ref. 52
Neutrophils Detrimental BALB/c 24067 (D) Gr-1 antibody Ref. 58
Protective C57BL/6 H99 (A) Ly6G antibody Ref. 59
Neutral BALB/c H99 y (A) Gr-1 and Ly6G antibodies Ref. 60

Abbreviations; Cn: Cryptococcus neoformans.

VT N3y 7 ZORPEMBEREREE LT ST S THEE
NHb —HT FHLWEFZ2)VThay s 212BT05%
Dectin-2 O FEREMNT A5, Dectin-2 KB~ 7 A Tl 2 #l4-4

A VHEBLE Th2 OG5 LAV tE SN D 2 L 2L 2ICL
723, 2o Z kid, Dectin2 232 BGEIREZIHIL TW5
ZEERIRIET S,

WERIZE EORIE Y A7 4 %2 H§ 2 B2 EL 385
A, IEFIE S HITZ O 2 WAL T A 0E Y AT A%
HLERD. A5 FToZD X)) %I OMEE EIREED I
LIZ L B 0EL LTy — DM LRI 7 v 7 — T v 2R
LI T WA, 2 RGEIRSIEZ ) 7 hay 7 ZFk%
FRCHBT A 0, FEEZ Y T ay 2 Akt
DWFET 2 AVRIZINE % P 5 2 Hemg & itE 5 % Wkl % 2
FNWERLTELEZONS.

5. 27U bay 2 AT B 3 WREILE

VT Nay 7 RAEGEIC BT S 3 BREISEOREIIH
HTHhY, —EokimEHETwizwy (Fig 2). ARTIZ3
SIS CEELHE ZH ) IL-17 & B2 fuIciEA+
5.

17X 6 DOBIZF2OMEEINLIHEIZF 77 I —%
R L Twa, IL-17A & IL-17F @ b MR m L, £
NENFES A v —RATFu¥yf<v—%2EHkL, IL-17 L+t
7% — (IL-17RA & IL-17TRC DATFa ¥4 v —) LFEET 5
IL-17A & IL-17F 32 B NEGE & 2 B ComE» %
X, 207 ay s ABYSETIZILITA B ETH S, 7Y
T hav s AEGEICB VT, IL17A 13 IL-17 #2E CD8' T
(Tcl17) MHER Thi7 ML, ILC3, o 3T MifaZR &, XF&F
U YRR S A SN S FEH 513 CARDI K
By 22227 YT b3y 7 ARGEEBE» S, ILC3 R
Th17 @ 5ALIZ W28 % 55 4 F RORyt % IL-23p19, IL-17A
DEETHERBAMETLTWS I EZRBLTBED, CARDY
%Y 5 PRR 28 IL-17A pEAEICEETH S (Table 1) 22,
—77, MyD88 KiH~ 7 A & H\ 7z B G FEBR CILHPAE R & Jb
BRLUTILITA BERICENROON L o722 Lh b,
MyDS88 % #¥H19 % PRR O M5 1348w & & A9RIE S 5%

FEHEOIE )T My 7 AERTBIT 5 IL-17A ORE%L
R D 72012, IL-17A R~ 2 & W3 %2 1T - 72
ZOFER, IL17A 1 po 17T fillfan S A S h, 1 BIRIEISE

FRAHET 2Ty S ay 7y AR ERET L L
ZWSAIT L2, 5T, Wozniak 5D L 5 &, IL-
17A PR ERD S A S, TL-17A FRIBUR 2 v 72 kg
EERD D IL-17TA 252 ) 7+ 3 v 7 ARG HFS- L Tw
LI EEMELTWEY, X512, Murdock 5 I3FH 5 &
FIREIC IL-17A KIE~ 7 2R &2 VBT 24T 572 25, 1L
17A W& Th17 225 pEAE SR, IL-17TA 252 ) 7 b 3 v 7 R &Y
BifC 25 L CTW5b 2 &2 s LT wah%,

TP ERIZR VA AR D O RIENIRTH Y, Candida IBR
Aspergillus JE\Z & 5 PLH EYRE TII R B 2 8 23059
In vitro DIFNTTIZ, 27V 7~ 3 v 7 2125 LT EkA &
£ RWEATH T & TRAHRICH ST 2 M H 5 K,
sNT Ry I AN T 7T —AIIBFARREEZTTICT
IVHA b=V ALK o TEE T THFRERD S kT 23]
SHWESNTWBEYD I vivo DN TIE, I ER%Z R
223 % 720124 Gr-1 PR R Ly6G ik % H v 723555
%. Mednick 5 3P0 Gr-1 Pk H v 72T 247w, I ek
BREICESTZ ) 7 hay 7 ARGS ORI LS5 2
ERBLMIZLTWA®. B, Michaud 5 13Ht Ly6G Hifk
2GRN 24T, AR ERDSHI R 5T B C3RAFIIC
70T May 7 X S HPIRMREIEE A BRI L Wbt %
HWELTWEY, E512, Wozniak 5 I3HHD 2 7 V—7k
FIREICHT Gr-1 ifk & BT Ly6G Bufka v 72 fF 07 % 47 - 7295,
BB 520 7 b3y 7 ZOPERICFRERIZBE S L v
TLERWELTWS,

Ubtoz &yrs, 207 vay 7 ZEGEICBIT 5 IL-17A
LIFHEROBEENIE S FSE o MES L INTEY, —ED
MRS TV W, Table 2 1IZRT L9, ThEFTo
WA T EMHT LY AORMR ) T hay s
OREP BRI o TVD, 70T Fay 7 AERICBWT, <7
ADFN & o TIPS B2 Z 2R, 7)) T havy s A
DIER Z LR 2 IEINE 2 FHET L2 2 LMo
BTN F e Gl R Ly-6G 3 Ek 22 Tld e <, i
DR EFRP~ 707 7=V EoREMIIC D FEHINT
Wbz, ENLIURE VAR ERERZNC X - T Gz
MfgbEsnhTLE). INSOERPEAWICZ ) T b
Ty 7 ARYZ BT B IL-17A RUFhER OB BRI % K 312
LCWAHI RS D 5.

Cryptococcus gattii & C. neoformans & L LT, &\
R 27 ZOERO—2E LT, C. gattii DHPEIZ
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Table 3. Sphingosine 1-phosphate receptors and their expression and ligands

Receptor T cell B cell NKC Mac Mo Neu Eos MC DC
S1PR1 + + + + + + + + +
S1PR2 + + + + +

S1PR3 + + + + +

S1PR4 + + + + + +

S1PR5 + + +

Abbreviations; S1PR: sphingosine 1-phosphate receptor, NKC: natural killer cell, Mac: macrophage, Mo: monocyte, Neu:
neutrophil, Eos: eosinophil, MC: mast cell, DC: dendritic cell. Modified by Bryan AM and Del Poeta M, 2018, Ref. 74.

FAET BT (GXM 7 &) 12 X % a2 sa i Bl As45
FENTVR?T. PARIERED—DL LT, DCT 2 F
YIRERMSNT VR DC T2 F L EAATURZ LY A&
F872DC ZRPMICE T 2 & T, PRASFEN T ML % =g
BT A ER D CTH 5. Ueno B3 HiHIE DC (bone-
marrow derived DC : BMDC) 2 C. gattii O HEIF/R TR % B
DAER7DC T2 F ¥ C. gattii RIEEZFET S
EERBOMIILE. BHENC LIS, SODCTYF I
| BUSRIEIS T & 3 RIIEIS B A 58T 525, | BIRIEISEIC
7 IFNy G EGB N FHS- L e v, 8512, Ueno &1
DC 7 7 F Y2 X B30 C. gattii RIZISENIE Th17 \ZHRT
% TruPSLETH 0, IL-17A DSAEREIR U b 2k ol &
WCLEZZLEWLMICLE. CoZkidk, DCYZF v
7 EAYE TR 3 BSIEIN AN EETH D 2 L &R
25 5.

6. 7V 7 ay 7 Z0FREG: & NKETERHR

FAZR I ZAFEIEN CRAEFRESR L, ZOHBT A XRMIR
W72 & ORI HIHIIRE CHIEMEAL L CHRIES 2 WIRVETF A
MENTWDY, STAEDERIIES S, K% & AR RER
OUFESNHAMERIC L 22 ) T hay 7 ZIEDORIEZ T &
T IEARBINTVS, 2L 21F, BasBRkIcsY
Ty s AREERFELZERTIE, BiHAS 2 7 b
Iy 7 AT A PRSI SN0 L, RISEEE T
ZFE A PRI SN 728, Lidi- T, Btk
D GFEINHIFE I AN KPR OB & £12 7% » 72 et s D
L. %72, T7VANSLT T ACBAELTEY 1100 Hik
HMLTWR2Y T hay 2 AfEREL, 75V AIBELT
WA BEN SISz C. neoformans OB % i
bE, TNEROHIBTOZ A5 —2RE LTV, 2
DT LiE, TIIVIERIFEET L2 T Ty 7 AWM
JEACIREE D S NWIRPERRIC X D iGPEfEL, 2V 7 hay s A
FEATIE L2 L A RIET 5.

7. SIP g% A L7z NRTEEE A = A 4
lREHD A7 4 Ty 1 Y v (sphingosine 1-

phosphate : S1P) 13X 7 4 ¥ IT¥ v FF—¥ &4 L THINLIKE
WA T4 v TITY) U EAm I, RERERIME

Bl ST SEREMARICHEG T8 sHED
SIPR FE SN TH Y, M £125%33 % SIPR ©
NE— U HE7 B (Table 3). SIP IZIZHEEMEEMKLTH 5
TFOIHPEAELTED, SIP L AEIC SIPR ICH AT S

(Fig. 3). SIPR &7 MEE @M O =®iko G & v 787 Bk
BMZEETHY, 3HEDO a7 2=v b (G, Gz Gy
AL, TS a7y MEESICTHRO Y 7 F Vo5
T-HIEMALT 5. SIPRI A S SUEMIBLCTHILTBY, &
T ERTIREINEZHE L TWwA, SIPRI R T=2
FT&H A SEW2871 13x 207 7=V D7 E b —3 R &
5% F72, SIPRIFFEI T T= 2 I CYM-5442 13 E Kk
DC @ IFNARI O 45 ff % i3 % & & C IFN-1 O A i %
P 559, 2512, THITLICEWTH WL D9 ofiEr
HENTWABY, SIPRI KIE~ Y A Z H v 2 @4 20 5
SIPR1 25MlR I B CHIEYE T ML (Treg) ®4b% il
LTWBZEARINTWLSE®, $7: SIPR1 OFfERIA~
Y A% TR 5, EERIH CEER AR E TV
BWTSIPRI ACKIGHE Th17 5Lz WHHl L Tw5b
EDHREENRTWASY, SIP7+a 2 Thb FTYT720 &
SIPR2 DAo> SIPR & mwvBlfitEa > (Fig. 3). FTY720
DFEMZE T, DCOIY FHA b= ZAHHH S 52,
SIPRI #5817 T =2 + TH % SEW2871 TIIHHI S 7
W9 L724%5 T, DC TIE SIPR3 £ 7213 SIPR4 A3 ¥ F
A F—Y2AZPHLTHWBIEDRBEENDL. 2D
12, SIP FEERIEIEAY,  F 723 BRI SRE I D ke R 40
L& IS 2.

SIP O b H & EEO—212, T MlaodekREi»%5
SN0 U USRI O SIP EE I Y ¥ 8RS
LRTIEL BoTHY, F4—7 THIRRRHIL L2 7 =
7 % — T Mifa1x SIPR1 & SIPR4 #4- L C SIP DEEDOE
WY VSEABET S L TG EIERT 5. AR
ENFTYT20 E A T4 v TV vdF—BlZkoTY Vi
tah, Vvt E 7z FTY720P 2% T #ilfid o SIPR1 %
SIPR4 LB T 5. TORRE, SIP O T & T=X b
ELTHERT 5720, THiEY Y2l omti sz
V. 20X ) AEHEEFE S S, FTY720 (3 E S REE T M
HLIC & B ZF MR DB & LT SN 5. 4,
FTY720 %58 HI2BWT 2 U7 M3y 7 212X 5 Rl %
RFHE LBk s el ), NRETRRICEZ 20 7 b
3y 7 ZIEDFIENRIE S 5%,
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S1P analogue

FTY720 BAF312
VPC23019 SEW2871
VPC44116 ONOWO061
RCP1063 CYM-5542

JTEO13

FTY720 VPC23019
VPC44116 CYM-5541
SPM-242

FTY720 BAF312
Cym50138 Cym50358

FTY720 BAF312
RCP1063
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G-alpha subunit

Ras — ERK

PBK<\: Akt eNOS
Rac P-selectin

PLC Ca?* NOX2

Rho — Rho kinase —> PTEN

Fig. 3. Sphingosine-1-Phosphate receptors and its signaling pathway.

Sphingosine-1-phosphate (S1P) and its analogues bind to five S1P receptors (S1PRs), which are coupled to G proteins that

affect cellular pathways. S1PRs interact with G alpha subunits Gi, G12/13, and Gq. These S1PR pathways active Ras family
small GTPase (Ras), PI3-kinase (PI3K), Phospholipase C (PLC) and Rho family of small GTPases (Rho) and their
downstream signals. Abbreviations: ERK: Extracellular Receptor Kinase, Akt: protein kinase B, Rac: Rac family small
GTPase, eNOS: Endothelial Nitric Oxide Synthase, Nox2: NADPH oxidase, PTEN: Phosphatase and tensin homolog.

Del Poeta & ® 27 v — 7% p-GlcCer & Ak O # s T %
KIB L7z C. neoformans ZE5KE (A gesI BR) % H > 72f@#T 20
5, Ages] BRI 2 WHFEIZACIE SIP #EHAQHE TH
HZEHEWLMIZLTERLY 2512, Bryan 513 4
ges] MiE BRS¢~ A FTY720 2 %5452 &
T, OEMFEMITTEIE, Qi LB 2 WD
me 2z e®RAMLRZY. BFBRENZ 212, SIPRI % SIPRS
ANEFERICH AT S BAF312 285 L2AICIZZIN L)
LEADRO LNV L, ZOEBRTIX SIPRI R
SIPRS LA SIPR OB G-AVRIR & 5. %, PRl &h
T YT Ny 7 AZRFMICE > THREESNS 25
FTY720 58 TEM2 w2 a7 7 — UL, BELA
FEEA EN T W7z, 512, SIPRIFFERN T T=Z b
CYMS5541 7 v % T=Z b TY52156 % W72 £, 5=
r7u 77— Y OREHERPHRAIEAICIE SIPR3 RS LET
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B RH 24 .
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Immune System to Cryptococcal Infection and Immune Dysfunction Leading to
Putative Endogenous Reactivation
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Cryptococcosis is an opportunistic infectious disease caused by Cryptococcus neoformans. Healthy individuals frequently
undergo asymptomatic infection, whereas patients with immunodeficiency disorders or treated with immunosuppressants often
suffer from severe cryptococcosis. The immune system is divided into two types; namely, innate and adaptive immunity. In these
immune systems, distinct lymphocyte subsets are involved in the host defense in a pathogen-dependent manner. Here we review the
innate and adaptive immune responses against cryptococcal infection. Moreover, we also review endogenous reactivation by C.
neoformans due to impaired cell-mediated immunity. These findings provide new insights for the development of novel therapeutic
agents and vaccines against cryptococcal infection.
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