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Abstract

Chromoblastomycosis (CBM) is a chronic subcutaneous mycosis caused by dematiaceous fungi. Due
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to its high disability rate and significant disease burden, CBM has been listed as one of the neglected
tropical diseases by the World Health Organization. In recent years, research on host genetic sus-
ceptibility and the regulation of the immune microenvironment has become an important direction
for the prevention and treatment of CBM. This review systematically summarizes the latest research
progress on host genetic susceptibility and the regulation of the immune microenvironment in CBM,
discusses the limitations of current research, and looks forward to future research directions and
challenges.
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1. 5|15

% (428 42 1/ (Chromoblastomycosis, CBM)j& — M HI I (U L R (413 IRE (055 . R IRBHEIE55) 51
(RN B SO S B2 T AR AU G, B I B R G5 A0 SR B O [ 1] 1200 BRI 3 BT
JBRGLEB , (EL DR L Ry B 2 L 2 (e A, Bt AR ZRG “H ZAR I 7 2 —(NTDs).
T AR 1 X AR 57 BN B m R BER . HITAE R R R 2 ETHES .

AT HE (22 0B (PHM), CBM JLF AR AT e e b H ipLk, B CBM BUp s th R i
b, JLF#RJE T HI & 2 H (Chaetothyriales) 4§ Fonsecaea Cladophialophora Phialophora %5 )& . HajH:
W Fonsecaea pedrosoi 1 Cladophialophora carrionii /& 4= K{EHE N CBM HIEZEHHE([2]. ARIMXAIE
5 A B A R A g R, XS EENBURES K R UIAEOC, B i ) e 3
FRY R AR AT AT AR 15 B3 S S X s FLAE RS EAR NI AEAERE g, TAiEE R i) )L T BFIFE 25 CBM |
BRI TEAY, 75 AP ZF I SR S N . SRTT, JAE CBM IR B0 B 1 FHAH 5C 1) 5 R 43 B AR 14
B PR I) 2 AR LT S5 I PR AR ST I 0 2 2 RBR 1]

CBM HiRYT TH I 2 Bkl B8, 7 AIEE B, B3 &S B L2 BRI E ’IRIT,
HERER . HIR, BAN T 2Rt A Er 278 RECH St AER T HE 56 E
Z IR AR AL, (HIX LR 5 K2 20 AL, ShZ RGERMT. Biltn, XF31E L R R a5
Wi CBM ) &b, DA S8 PR S AE B R AR R R v i B AL, UG VR 2 Il R g k. BRI,
RN T 8% 5y B S S e AR B R ML T CBM WIRiia A EEE . —J7 1, H#EnfE Eis
A 5 G 5 A 45 X 255 ] DR 2P s B F R SR AL BV AR o @ 1 AR a4 R 2 R 1) B Rk, W]
DAFF IR H A RX B A AR e ()M IR T T R . 7T, BRAR S TR SR R AL B T AN AL

TRIT RIS BUE A . 25 BPTIR, ALHRBAERGLSL CBM iE TitAh by B J S e oA s e H L) 1)
BOFTE TRt R, R A HTOE TR R, IR REEER R AOWE T 75 I AR

2. BEREZRMARER
2.1. BERIARNZEPRRBELEF LM

155301 31 52 44 (Pattern Recognition Receptors, PRRs)/E 1 70 & G0 iR i AR il oo oy 1, HL3E
ZAMEREF W CBM K 5 & . PRRs e85 R 7 A4 4H 5 43 151 20 (Pathogen-Associated Molecular
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Patterns, PAMPs) LA % #5147 #H 9 43 745 2(Damage-Associated Molecular Patterns, DAMPs), )5 5] 5 2 W 2
[3]. PRRs [ 3 ZRMAFE Toll HZIAR(TLRs). C RLEEHEZ Z/A(CLRs). RIG-I #5214 (RLRs)F NOD £
ZAR(NLRs) [4]. 7£ CBM 1, PRRs [RIiH% 38 7 0] GEZ A XAl 72 /M (Medlar cell) IR AIRAER . 5 AMEHE
Ty D) REERIE T SR FL R (0 CLECTA Y238X RAR), H p-H MRIGE /) TR, F3X Th/Th17 MEAE
XoF 38 IO (L8 1 IS PR e 1 BB PRAK, 5 R BN YL(5]: Mincle 1ENMFIRZ 1A, HAS 5@ FH
AL @R A TL-12 709 550 Thl 206 32BH, 2R Th2 TG 2w, 1) 95990 2 3 5 [6] - Dectin-2 J@id Syk-
CARDSY 15 545 Th17 408046, (23 IL-17A 43, IXhF A R 40 i 55 42 A EC B 4 1), 1T Mincle
VRNV 52 R BRI B2 A, (1R T 350 T 400 M B il 43 2 24 CLR R, TR Re A &40 TLR, M
SEZ TLR /3 MyDS88 155, R IL-10/TNF ST () G B F I oA Es, =& 35 [H X3 15 5 569 i
TR R 5% N R SR [ 7] TLR-2/TLR-4 /24 Toll FE5Z 4442 PRRs B T A5, 12 5L RAZ ) 22
FEGEA T (CXCL1/CCL3) 7 Wb b Ko rh PR A MO FE 52 451, I 25 38 o B/ i B0 B fer, #87R TLR {55
TEAE EPUBR G Gy i () BB HAL (8], H EEHESZAR(MRC) 3Rk FE PR 2 U w3555 JL T Bi-MR A5 1)
PEANHIME S . deAh, 18 TR LS LT R BE(AM Case) () 3 K 55 7K 7 B 25 St vk g SR 38 LT
THRAET], FEMERYEE . AMCase RIE AR AT B8 DF DG 1A 88 B4 A A 5 /AR THD LT 5 7 B8 5 R
3 IR 5].

2.2. EFENEEWIES RENE L

T E R SR L R R AR 2> B E X CBM 1 5 8. R BE B S5 43 BE 1 9 (caspase recruitment
domain-containing protein 9, CARD9) & — P A7 7E T R4 M40 b7 b i)k s B, X T35 3= A LA i/
#-17 (IL-17)8) T 4HBh4HML(Th17 M) CEEE, FHHAEPHERE P RIEERZMER . PFRRH AL
CARDY (52> G 306} 15 28 P R G 1035 £ 1k 0 AR BBy, 3RS | T W 4T M A A5 T RS2 B (9] 25
B F BN & kIR E T — B H Phialophora expanda 517 113 €6 2F 4 14 95 BB (77E CARDY FE[KRAF, iH
i — RFUARAMIE T, Rl e AR AL, KL CARDY Hk[ 580 TLR4/Mincle/Dectin 18 #0552
1, S8 IL-6. TNF-a. IL-15 735 %MK (p < 0.05), Th17/Th22 4/ 1LEE JIBEIRAL-17A 5308/
75%, 1L-22 §8/0 68%), CARDY Spf5 % 0L R 2 AR B R, HAFRI B EFIZRAE CARDY #t
K31 5 rh SRR e % SR ZE S [10]s R SEWF A0 R B TL-17 {55 38 BR iRy th /2 35 €0 28 A T a0t A% 5 Sk
MRz 04y TR 110 BhAh, AZEAIPUR(HLA) > T S HPUE 28 Th R th2& CBM it 5 it
FEERNE. OAEPFRER, CBM E#E HLA-A29 §iJ5UR B2 & T B IR 41(28.1% vs 3.9%, fRIE p
= 0.03), i B XBIEI 10 5, #8728 MHC-1 285r T/ 31 CD8+ T 4 i B 2 Bk B3 0T RE HIl 55 75 32 %F
B L B IS BRAE JI[12].

3. REREE RS
3.1. BERFNESHREENEE

3.1.1. BRIRFIZEHEEIRA

PRRs 7E17 % L B G0 S I B b ke 2 o0 B EAE A . PRRs BB 1R PAMPs, MM 2 5095
M. £ CBM 1, Z M PRRs 25 1 % BB R 7 A 5% S R 145 . Dectin-1 A1 Dectin-2 52 C BLEEEE
F 2 R(C-type Lectin Receptors, CLRs) Z & 1 B ELR G2, 6 ATl ak 15031) B B 4 B B o 1) B8 SRBB AT o H 5
RWER B R, Dectin-1 FZRJ p-H FME, BUE Syk-CARDY 15518, (it IL-23 [0, M
M350 Th17 4HAEH 4. Th17 4R 0w TL-17A ZE4NAR R, 3am b Mok g e i S EE RS AL, RI%E
MEREER. 2R, Fou 55 a3k (K3 (5 (Fonsecaea pedrosoi) i) LB T Bt il B-75 Kb, B2 FRA%
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Dectin-1 FJRHIAE ST, MMGHIH Th17 4070 46[6]. Dectin-2 U 3 ERA] o-H FE FHE, B Dectin-
2/FcRy/Card9 155 55K %) IL-6 it Th17 k. XS 5@ 8 S T R T E g B E
SR, Mincle 5244 R] DLEIE R ZIHLHIFIH] Dectin-2 /51 Th17 04k, S5 Th2 B4 % fmfy, XA CLR
5T % ) KA e A AR B R AL — AN OB 2R [13]. TLRs 2 PRRs MJEZAfHSy, H
TLR2 Al TLR4 76 1R B o A A4 EEAE . TLR2/TLR4 $RFE/IN BT /R B 7™ B 0 B e, IXAESE
TIX LS ARTE PR A P A O AT [6] . HR YRR @ i TLR-2/TLR-4 A8 PE 7 /3 14 2 (ROS )ik 12
A E R, R 228 TLR AR o R 20 i A A B B (NETs) LR bR o 1022 5 AL
HNEL R CBM g ML 1AM 14],

3.1.2. MBEREMEITAXEENB T

f£ CBM 1, HilR 42 R 40 MI(APCs)TEJE 3156 R g% S W o R 3536 S VE R, e A T o 1R R0 AL 3 B 1R
U, S T R RN . B SORAIA(DCs) & Tk b IR i S Aif, Refsmachiife . AR F A 2t
Ji. 7 CBM ", DCs @i H R M PRRs 1 51 H 18 4 f B o (1) PAMPs 0%, #0& J5 (19 DCs RERE 73k %
FRANEE T, W IL-6. TL-23 55, XU FXF Th17 4R B0 E 2. TR, DCs MK
P AL (a2 )T B Rk 4, 1X — R T I8 Bl R S e B 28 OC B . Kimura £5(2020) 1 7t
FW, Fonsecaeapedrosoi &Y% J5, DCs(CDI11c+4HM)7E & AR 2, e 3k A v 4
BREWN. XK DCs R A B WG R RIS, FREAR B . 5 1) DCs i F i
MHC-IT FAZEHIE 5 F-(W1 CD86)IFRIA, Ry s )5 R fE J1[15]. th4h, DCs AMULERE T 4 K%
YER, JEAE T e o i 5 B . 7 CBM 1, DCs RERSE T/ W4 i P57 Fl#a b IR 7, R
HH PR 20 BN [ G AT ) S R RS 4K DCs iR BB A I 1 1 5 Th1/Th2 AP, 5200 Gy SN (1 2R 8
B DUTA L (LCs) A& R JR AN b 5 A R SOPR A0 B, d i T AR e LA R 457 2 e % R %« 7E CBM
t, LCs Aet im0 7, JR3HI 3L CD40/B7-2 ik, FHWrHLRNEIS S45i%, S50 T s LR
BT 5 J Thl N ERFA[16]0 T A AR 52 MA NS FIE B7-2 3k3h Th2 ik, S8 HEGs ik
e 38 N 288 e RV ZE P T BRI % o B4R, LCs ilid 0 IL-17A 2 5 R E E R g, HEIARE 5E
AL IEFR[17].

3.2. BARESENERELE

A AT, A G2 A N G2 1) S i 2 i 1 AL AHE DLV T I GBI R 2 — o X
G2 AT AN EENA T 15 308 EL B TERREE ST, 38 AT e B0 (1 R L I RR L
WA e i, Wi R AR AT E VR4, 7 CBM (1) 11 9095 S 87 HR R 25 SCEEE o H Mk 40 P i
i A MR ATURE TR 1 S (ROS) SR AR A% EL TR, 177 o M 200 i ) 30 a7 g AR 90 e 3 T 40 B R PR i SRk e o SR TTT
Fonsecaea pedrosoi 55 FL.1# REW 75 5 MERL A 3 B2 B0 , AT 5] PMIN-MDSC F R4k, 0 IL-6/STAT3
ol H0%] CDA+ T A0AukSsE, [FN 35 B 40T FECRY s, TR M S B R B A T g ik
B 12 1B GL[18]. BFF 7R Fonsecaea monophora 814 7 57 ¥43% TLR4/Dectin-1-MyD88/NF-«B i i 1
BEERERN, HPaRFETBAERNSH TNF-o #HEIPLHEFE R ZEEIR[19]. 1 Fonsecaea
monophora I 1% BRI S 15 R N, SLI0 R FLB @ THP-1 iz, (2t
B 40 22 L (M) AR AL I 55 B (M2) AR Ak, M1 Al B 4 i A HG i 23 s 1R 7 2% 48 B X1 -1 (C D8O, 1L~
18/TNF-0) FI ¢ Z 5 H A8 T2 1) SR iR A 18 AL IR R, 1T M2 B Ak I 4 i A L i 7 WA R Bt 4%
20 A [R-F-(CD206, IL-10/TGF-B)Xt il Fonsecaea monophora WIEG BA EEAER . R & - P -F
IR, SEE RS BE TR A FNTE B N AR ) Fonsecaea monophora, & FRIFFEEVERYY, WFEIELE[20].
WAL, TURR R A Fad I DL ATL ) P 24 AR W A T R B R R R (1) P R B R
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5 PAMPs 701, REFFK Dectin-1. TLR4 SE R SZARSRE, 0H0 ARG FREGRAI[21]: (2)
SRR A AR INOS IA, #fi] NO. ROS S AP r=E[22] [23]; (3) Wil MHC-IT 24y
TRIEF M1 B AL, 355 Th B G fwas , M U 020 M 0 3 A% B 71 (241« 38 S S [ N 4 CBM
ot L FE A E B . WFACRIA, CBM B4 1 Th17 JUP B A2 45, 1 Thi 20 e s 8 7 ke
J WAE M 5 YR S HAL[25]. WFSCRIE CD4+ T 40 s B3 i D RERE OERYL, RIAMIFER
A IFN-y 73 WA KR R B B S, GESEHG@E T Thl 4% 3 3108 P4 Thl17 4@ 5
W IL-17A SSAMRE T, 38658 b MR 0 M 0 SR ATEAL, RHEPLEL AR [26]. R, Th17 40 pskisar
BE TR GRS, SR iE e B R A . IAh, Treg 20 H7E B FLI K FEE B AR RENE PR B TE
fugf, HAIPRAT 75 B RIE R, SEEARIEREK . &R S )% (1 R ATERILZE Th1/Th2 4 )
RE b: CBM P EH BB B Th2/Treg ALK, TL-10 Sk R IFN-y 730 2, X Ff Th2/M2
R GRE fmta i 7 H B BRI (27]. IL-10 fE Ry —Fh Bl AR 7, BeRE A0 Thl B G )R,

M 15878 ERBTEFERE S, BhAh, EEIE S0 M2 B B B ALt B i 2 W TL-10 2540 R T
04 TFN-y BRBNM Thl 34k, 3E— B IRl Ga Rl . 10 CD4+ T 40 Sk B #2580 IFN-y T B A B B R L
[8], $E7R Thl RIZERIG LB bik it . tah, Treg MM HIBHAS IS 94 (28] % B1 4 ThBEBREA[29]
WO G e R Al . IXFh 2 Z IR R PERELIE R B TEFERE” - A R RS2 R ICIEIS BR L, &N
G R PSR 53 W BEAS LR P Th1/Th17 R, & T BUW R R RRL e R 24T 4L .

3.3. KB R RikiR

PR CO2F A B0 1 o9 A B S I 22 P L) S G 1063k, AT FE 7 AR P RE A7 AE I 51 R e P i e
IXLEHLHPE B TE g% RGIRE AT, G E VRN AR AL . #MA R G0 M0 DA 4 R IR X 2% ) 2
. BEWRARRE CBM 0 N A REAEH . BF7RR, 5%/ ME(muriform cells)i@id J1 T Jii-MR
E515 S ERAIH R M2 R, M2 T BRI RS Z R EE-1 (Argl)FF 70 TL-10, X ELLLHIH] T
IFN-y BxZ) ) Thl Z04t. X PRAGIRES 0 B 20 i im) T 7= AE B A QM BR 7=, 4 TL-10, AT 58 i 2
N, ONEE AR S 7RI R AT AN, Dectin-1 155 IF0HI| S8 IL-23/1L-17 B
IL-23 52 Th17 A /- A FI4E R I OCER AR -, 10 IL-17A 76 R PRk 4 i 1) S AE As A ol L 2R A .
I, Dectin-1 155 HMHIAMEISS 1 PRI SE4E, I8 RBUHIEA(ROS) A i/l IL-17A 7KFR
W, TERUIERERIERN, #E—BHI55 T SRR EE J1[30]. *MARGAE CBM I i S N vt 4% 75 o A
M. HEZBEORELBRBEMIEIMERS, 774 C3b Ml C5a BT IXEEHMA RS E 15 1%
PEWOA SR A AR — 7, A TE SR TR S A e bR S S — U7, EATE
I E AR AR B S RMAC) TR, (2 FUR I e e IR [3 1] LA T AR 2 I Ao e ik
RS — 585 B, 38 K (B (Fonsecaea pedrosoi) il id JE A MK AL H 115 £ 0B . HLK
il ke U S SSE, TR e/ M I I B A T S AT LT IR BN Y IL-10 =il I G AR
MR R, PR, BEAh, 8T/ NMAIE IR BRSNS (AN R PE B RRBE) FL LT A 31 IFN-y
I S A2 IR [32] [33]. 1 T AL S22 CBM [ ki L] 40, CARD9 J K 54 F
IL-10 28505 R kiR SR U FE R, LR POE s . 1X i85 DR 3 Tl R s ) B 4 i Fr A Ak
ARAS AR PR 5 10 430, AT S0 S8 S5 7 () SR BRI o FEMS MR rh, ST00A8/9 SR AH 55 40 A5
(DAMPs)FFELGE TLR4/MyD88 S . X P HI0E B AR REE (L 2E 28 RE S, H R 4] 1 2R R
IhEE, FEAZEMTERG. XFMEM SRS AMUCIE S UG FREHE, E] 6E5 B 25 R T RERRS[30] .
2 LRTR, #EA R R R R SR AL S BN AR AL . HMA R BRI . B RS,
16 FRME R R SESIER . XEHLHIFLEIER, 3B SRR R S PR G R A
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4. HBUEZE: WFZIERNHARER
4.1. LEIREYMH L

WTAESR, B X E 32 184E 52 B N e S OA SRR AE IR UR AT 7, ORI 2 (8 e b SV K . 18
F R F LR 2 A1 (W CARD9. CLEC7A. MRC1 f AMCase #H3E K ) SNP)AJ 1y & G AN ) 77 25
Fr&EW. BeAh, Wkt Th17/Treg HUAE . TL-17A/IL-10 W FER6FE S5 S 48 hR, CAGIESE 59505 3t R G

T7RBEEDIIG . REEAREWA DT DU T 52 W, 30 w] AR D M 0200 32t Fre AN VAt v 7 288 R M1 2 22

4.2. RREFTI R EATT R

4.2.1. B REFHH

JRIEE N TLR7 W20 77 bk v S v 3 o 800 ) /2 B S Th B E R BGE B i AR R . HAIE T
HFEF TLR Z 5 6E S8 Thl NBR T, 55 CD4+ T i iE e 8 B, BEIEHLEHREMN
WE[34].

4.2.2. ZBENITEPDDRINR

807197 1% (Photodynamic Therapy, PDT)J&—Fl# M K¥E Y7 S, 18 I8 FH YC BIGRIFNRR 8 K IRk =
AETEVESE(ROS), AT KO JFAA TR 515 T A e [ N o ITAESR, 5-Z Bl I — R38N 719712 (ALA-PDT)
PR 2 A R VR YT o R 10 7. Wu S [35 ] FEE A & Fonsecaea monophora JEHEIFI/INER,
BRI, RGVHE T ALA-PDT AT AL A 018 e s m) i e . 98K, ALA-PDT &
F PR IR AR, PRRZH B T By, ik 20 23955 B A ST L SRR 14 R 2 e 1 98 RE (RS, Bl
HIBtFi4E R, ALA-PDT @i b i B g M Jie S 50 2 A ik, 98 o 5 Wk 4 R oo JER AR PRl 5 975 o i
1o [, 2SR B RO, BE BRI 2 B T TNF-a M1 GM-CSF, 2T+ ¢35 IL-4 A1 IL-10,
PR HAE LAY Th1/Th2 “FATSLIlE RS . Liu [36])54 0T 7SR TAIE40 K E 44 COPIT-HA S5HiEDG
197 15@PDT) I FEIPTE BEALH] . COP1T-HA ik il U4 it J5 235 14 (2 s S S50 P9 e ) B B 35 6 A
il aPDT i1t ROS B K S, Wi bhRIfE A S35 598 17X Fonsecaea monophora B7% KA
B> 90%)0 IX— I [F] SR I X R ) 3L B R ) (R 3R NS A BE(BOE NLRP3 S0 /MA
W9 Dectin-1 R77), SRKME T G2 N GRIG, NAE (2 AL B T 25 S g M ATa T 524t 781 2% . Chen
SE[373 3 A B I 73 1 T ALA-PDT Xt Fonsecaea monophora J8&4% /)N iR & #A5 R v 5 S A (1) 520 . BT
FRI, Fonsecaea monophora J&Gx F:E/IN L H Rz ok b S8 REAH (32 242 Az E VR ) B g i, ML
TG R, PURSSAOCER L. ALA-PDT J897 5, #GE4iiesiEnb, Egii iR
AR CHE N R, SR AT MR F WEAE A ThRE . RS, BHAUIEIRYT T ALA-PDT X iR EEH Bl
(HMGBD)FIAMFM, KB ALA-PDT A figiliid j&/> HMGB1 IR, 75 BRI M2 BUp ik, M
PR 98 R N IR T 32 G0 520 B S R S 0 T o X SERF UL [RIR B, PDT il “ BHER K - [EA )%
WOE - RO E I [ =P, AR U AR TR IS A A T e e i Bk A 1 6
BVET TR, (H TRt P IR AR R 8 1B T S 3 ) S VR T R e e B KT R

4.3. ETHERE

ZYE LTI PR TT CBM IR RIG T B B2 5 3 5315 1L 1 (W CARDY AR \HLA-
A29 5L AN PR SRS AL (U BE AR A0 MU A . AR 7 8 R RE ), M 2 4P T 1T
R, W IR RIRTT -
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5. REARFESHE
5.1. HATMRERYE

JUEIEFRAE CBM HIFALBE 20 Ferp G 1 RE kR, (B e — L8R IRk Biln, BLA#fE 5K
PERF R 2 SR TP, RISt XNRE, BRI AR AR B RAE S CBM Sy R (1 SQIK H / iRA
WHIt. MeAh, HE - BRI T AN, &S5 AR A AR BOR B P T B
Ja, A ERERR SN AL, RIS TR, DU 2R 1 G e & 1B 4542
e, hH RGNS

5.2. BERESBSMEMLATT

R HE G 7y B 5 A IR YT /R RSk CBM YRYT I EZ ). BE T B3 S R fiE(A Th17/Treg HUAH.
MIU/M2 AR B THREHESY 2, JF SRR Th 40 RE(A0 Th17 BEh7). Treg $il750) AR T % (1 4
ARIRIT TR, AR RIN CBM IGIT A oest . Bhah, 45618 EiETE (i CARDY ZRAF(H ) 5 4
JEARUIRFAE (U0 Th17/Treg LLB) AT LAt ALA-PDT IAMALL I, A €028 Az 0993 FRDRS 1 S 28 - T 25 o 2
WA

53. ZEFBESIRFREK

ARG TEARNK CBM WFFCHIEEL 5 7] o 8 I 25 A S 2+ B A P PP e S sl S e IR, 45 570
J2 DU B 00 225 60 P 28 R 22 A AT i - R ELAE TS AR ELVRE R B, SR TR FoR B A 2R X
GBI R LT B A% S B BRI S8R T ks RSHE S B T R TOT A 7 (it B AR Gt Je dk
TIALTE SARAR, S5 S 90KE 258 TS BRI MR YT T % . I E#57 CBM-OMICS
Ky« DeepCBM SR TN TR KRB MR R UE6T- 6  TER “HLFIRHT - SEFRIGIIE - ImPRFEIL” BmT
VEVERT TEAIRR,  Juff oz te P XERE SR (1 R GEE TEHE S

6. &5t

i R0 5 I 5 R e BT R IE L2 CBM RAER R LIRE) 7. IR EGR R 32 2k N 2 25
PRSI Th AN TH5, MR S Bk Sk BIACH O 28, MR TE 1P 878 CBM 18k
7> T HEA . AR R ARG R R B AR R E . 2 A2 B G b SORSHE T T, NI R BN it
T R AT BRI 16 SRS

SE

[1] Queiroz-Telles, F., de Hoog, S., Santos, D.W.C.L., Salgado, C.G., Vicente, V.A., Bonifaz, A., et al. (2017) Chromoblas-
tomycosis. Clinical Microbiology Reviews, 30, 233-276. https://doi.org/10.1128/cmr.00032-16

[2] Santos, D.W.C.L., de Azevedo, C.D.M.P.E.S., Vicente, V.A., Queiroz-Telles, F., Rodrigues, A.M., de Hoog, G.S., et al.
(2021) The Global Burden of Chromoblastomycosis. PLOS Neglected Tropical Diseases, 15, e€0009611.
https://doi.org/10.1371/journal.pntd.000961 1

[3] Goyal, S., Castrillon-Betancur, J.C., Klaile, E. and Slevogt, H. (2018) The Interaction of Human Pathogenic Fungi with
C-Type Lectin Receptors. Frontiers in Immunology, 9, Article 1261. https://doi.org/10.3389/fimmu.2018.01261

[4] Han, H. and Yi, F. (2013) New Insights into TRP Channels: Interaction with Pattern Recognition Receptors. Channels,
8, 13-19. https://doi.org/10.4161/chan.27178

[5] Dong, B., Tong, Z., Li, R., Chen, S.C., Liu, W., Liu, W., et al. (2018) Transformation of Fonsecaea pedrosoi into Scle-
rotic Cells Links to the Refractoriness of Experimental Chromoblastomycosis in BALB/c Mice via a Mechanism Involv-
ing a Chitin-Induced Impairment of IFN-y Production. PLOS Neglected Tropical Diseases, 12, €0006237.

https://doi.org/10.1371/journal.pntd.0006237

DOI: 10.12677/acm.2025.1551640 2479 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1551640
https://doi.org/10.1128/cmr.00032-16
https://doi.org/10.1371/journal.pntd.0009611
https://doi.org/10.3389/fimmu.2018.01261
https://doi.org/10.4161/chan.27178
https://doi.org/10.1371/journal.pntd.0006237

TEALE

[20]

[21]

[22]

[24]

[25]

Breda, L.C.D., Menezes, 1.G., Paulo, L.N.M. and de Almeida, S.R. (2020) Immune Sensing and Potential Immunother-
apeutic Approaches to Control Chromoblastomycosis. Journal of Fungi, 7, Article 3.
https://doi.org/10.3390/j0f7010003

da Gléria Sousa, M., Reid, D.M., Schweighoffer, E., Tybulewicz, V., Ruland, J., Langhorne, J., ef al. (2011) Restoration
of Pattern Recognition Receptor Costimulation to Treat Chromoblastomycosis, a Chronic Fungal Infection of the Skin.
Cell Host & Microbe, 9, 436-443. https://doi.org/10.1016/j.chom.2011.04.005

Breda, L.C.D., Breda, C.N.D.S., de Almeida, J.R.F., Paulo, L.N.M., Jannuzzi, G.P., Menezes, 1.D.G., et al. (2020) Fon-
secaeapedrosoi Conidia and Hyphae Activate Neutrophils Distinctly: Requirement of TLR-2 and TLR-4 in Neutrophil
Effector Functions. Frontiers in Immunology, 11, Article 540064. https://doi.org/10.3389/fimmu.2020.540064

Drewniak, A., Gazendam, R.P., Tool, A.T.J., van Houdt, M., Jansen, M.H., van Hamme, J.L., et al. (2013) Invasive
Fungal Infection and Impaired Neutrophil Killing in Human CARD9 Deficiency. Blood, 121, 2385-2392.
https://doi.org/10.1182/blood-2012-08-450551

Huang, C., Deng, W., Zhang, Y., Zhang, K., Ma, Y., Song, Y., et al. (2022) CARD?9 Deficiency Predisposing Chromo-
blastomycosis: A Case Report and Comparative Transcriptome Study. Frontiers in Immunology, 13, Article 984093.
https://doi.org/10.3389/fimmu.2022.984093

Li, L.X. and Yoon, H. (2025) Dematiaceous Molds. Infectious Disease Clinics of North America, 39, 75-92.
https://doi.org/10.1016/j.idc.2024.11.006

Tsuneto, L.T., Arce-Gomez, B., Petzl-Erler, M.L. and Queiroz-Telles, F. (1989) HLA-A29 and Genetic Susceptibility to
Chromoblastomycosis. Medical Mycology, 27, 181-185. https://doi.org/10.1080/02681218980000241

Wiithrich, M., Wang, H., Li, M., Lerksuthirat, T., Hardison, S.E., Brown, G.D., et al. (2015) Fonsecaea pedrosoi-Induced

Th17-cell Differentiation in Mice Is Fostered by Dectin-2 and Suppressed by Mincle Recognition. European Journal of
Immunology, 45, 2542-2552. https://doi.org/10.1002/eji.201545591

Castro, R.J.A.D., Siqueira, .M., Jeronimo, M.S., Basso, A.M.M., Veloso Junior, P.H.D.H., Magalhaes, K.G., et al. (2017)
The Major Chromoblastomycosis Etiologic Agent Fonsecaea pedrosoi Activates the NLRP3 Inflammasome. Frontiers

in Immunology, 8, Article 1572. https://doi.org/10.3389/fimmu.2017.01572

Kimura, T.F.E., Romera, L.M.D. and de Almeida, S.R. (2020) Fonsecaea pedrosoi Conidia Induces Activation of Den-

dritic Cells and Increases CD11c+ Cells in Regional Lymph Nodes during Experimental Chromoblastomycosis. Myco-
pathologia, 185, 245-256. https://doi.org/10.1007/s11046-020-00429-w

da Silva, J.P., da Silva, M.B., Salgado, U.L., Diniz, J.A.P., Rozental, S. and Salgado, C.G. (2007) Phagocytosis of Fon-
secaea pedrosoiconidia, But Not Sclerotic Cells Caused by Langerhans Cells, Inhibits CD40 and B7-2 Expression. FEMS
Immunology & Medical Microbiology, 50, 104-111. https://doi.org/10.1111/1.1574-695x.2007.00239.x

Alves de Lima Silva, A., Criado, P.R., Nunes, R.S., Kanashiro-Galo, L., Seixas Duarte, M.I., Sotto, M.N., et al. (2017)
Langerhans Cells Express IL-17A in the Epidermis of Chromoblastomycosis Lesions. Biomedicine Hub, 2, 1-8.
https://doi.org/10.1159/000477954

Breda, L.C.D., de Souza Breda, C.N., Kaihami, G.H., de Almeida, J.R.F., Jannuzzi, G.P., Ferreira, L.G., et al. (2021)

Neutrophil-Suppressive Activity over T-Cell Proliferation and Fungal Clearance in a Murine Model of Fonsecaea
pedrosoi Infection. Scientific Reports, 11, Article No. 220220. https://doi.org/10.1038/s41598-021-99847-z

RV BRIETE 22 B B 20 BG4 B PR 205 Je CD4YT iRk [ 52 ma S ML 78 [D]: [ 22008 0. K
K, 2016.

Qin, J., Zhang, J., Shi, M., Xi, L. and Zhang, J. (2020) Effect of Fonsecaea monophora on the Polarization of THP-1
Cells to Macrophages. Mycopathologia, 185, 467-476. https://doi.org/10.1007/s11046-020-00444-x

Shi, M., Sun, J., Lu, S., Qin, J., Xi, L. and Zhang, J. (2019) Transcriptional Profiling of Macrophages Infected with
Fonsecaea monophora. Mycoses, 62, 374-383. https://doi.org/10.1111/myc.12894

Zhang, J., Wang, L., Xi, L., Huang, H., Hu, Y., Li, X., et a/. (2012) Melanin in a Meristematic Mutant of Fonsecaea
monophora Inhibits the Production of Nitric Oxide and Th1 Cytokines of Murine Macrophages. Mycopathologia, 175,
515-522. https://doi.org/10.1007/s11046-012-9588-x

Gongalves, R.d.C.R., Kitagawa, R.R., Raddi, M.S.G., Carlos, [.Z. and Pombeiro-Sponchiado, S.R. (2013) Inhibition of
Nitric Oxide and Tumour Necrosis Factor-o Production in Peritoneal Macrophages by Aspergillus nidulans Melanin.
Biological and Pharmaceutical Bulletin, 36, 1915-1920. https://doi.org/10.1248/bpb.b13-00445

VN, SRZER, PN, . Fonsecaea monophora % EWEZNN TLR2. TLR4. Dectin-1 F1 TNF-a ik FI50H[T].
FRE B A&, 2014, 9(3): 134-138.
Leeyaphan, C., Hau, C., Takeoka, S., Tada, Y., Bunyaratavej, S., Pattanaprichakul, P., ef al. (2016) Immune Response

in Human Chromoblastomycosis and Eumycetoma—Focusing on Human Interleukin-17A, Interferon-gamma, Tumour
Necrosis Factor-a, Interleukin-1  and Human f-Defensin-2. Mycoses, 59, 751-756. https://doi.org/10.1111/myc.12526

DOI: 10.12677/acm.2025.1551640 2480 I A [ 2 3k

B


https://doi.org/10.12677/acm.2025.1551640
https://doi.org/10.3390/jof7010003
https://doi.org/10.1016/j.chom.2011.04.005
https://doi.org/10.3389/fimmu.2020.540064
https://doi.org/10.1182/blood-2012-08-450551
https://doi.org/10.3389/fimmu.2022.984093
https://doi.org/10.1016/j.idc.2024.11.006
https://doi.org/10.1080/02681218980000241
https://doi.org/10.1002/eji.201545591
https://doi.org/10.3389/fimmu.2017.01572
https://doi.org/10.1007/s11046-020-00429-w
https://doi.org/10.1111/j.1574-695x.2007.00239.x
https://doi.org/10.1159/000477954
https://doi.org/10.1038/s41598-021-99847-z
https://doi.org/10.1007/s11046-020-00444-x
https://doi.org/10.1111/myc.12894
https://doi.org/10.1007/s11046-012-9588-x
https://doi.org/10.1248/bpb.b13-00445
https://doi.org/10.1111/myc.12526

AL

[29]

[30]

[31]

[34]

[35]

[36]

Teixeira de Sousa, M.d.G., Ghosn, E.E.B. and Almeida, S.R. (2006) Absence of CD4" T Cells Impairs Host Defence of
Mice Infected with Fonsecaea pedrosoi. Scandinavian Journal of Immunology, 64, 595-600.
https://doi.org/10.1111/j.1365-3083.2006.01846.x

Mazo Favero Gimenes, V., Da Gléria de Souza, M., Ferreira, K.S., Marques, S.G., Gongalves, A.G., Vagner de Castro
Lima Santos, D., et al. (2005) Cytokines and Lymphocyte Proliferation in Patients with Different Clinical Forms of
Chromoblastomycosis. Microbes and Infection, 7, 708-713. https://doi.org/10.1016/j.micinf.2005.01.006

Siqueira, .M., Wiithrich, M., Li, M., Wang, H., Las-Casas, L.d.O., de Castro, R.J.A., et al. (2020) Early Immune Re-
sponse against Fonsecaea pedrosoi Requires Dectin-2-Mediated Th17 Activity, Whereas Th1 Response, Aided by Treg
Cells, Is Crucial for Fungal Clearance in Later Stage of Experimental Chromoblastomycosis. PLOS Neglected Tropical
Diseases, 14, ¢0008386. https://doi.org/10.1371/journal.pntd.0008386

Machado, A.P., Silva, M.R.R. and Fischman, O. (2010) Prolonged Infection by Fonsecaea Pedrosoi after Antigenic Co-
Stimulation at Different Sites in Experimental Murine Chromoblastomycosis. Virulence, 1, 29-36.
https://doi.org/10.4161/viru.1.1.9920

Wagener, J., MacCallum, D.M., Brown, G.D. and Gow, N.A.R. (2017) Candida albicans Chitin Increases Arginase-1
Activity in Human Macrophages, with an Impact on Macrophage Antimicrobial Functions. mBio, 8, ¢01820-16.
https://doi.org/10.1128/mbio.01820-16

Pinto, L., Granja, L.F.Z., Almeida, M.A.D., Alviano, D.S., Silva, M.H.D., Ejzemberg, R., et al. (2018) Melanin Particles
Isolated from the Fungus Fonsecaea pedrosoi Activates the Human Complement System. Memorias do Instituto Os-
waldo Cruz, 113, e180120. https://doi.org/10.1590/0074-02760180120

Dong, B., Liu, W., Li, R., Chen, Y., Tong, Z., Zhang, X., et al. (2020) Muriform Cells Can Reproduce by Dividing in an
Athymic Murine Model of Chromoblastomycosis Due to Fonsecaea pedrosoi. The American Journal of Tropical Medi-
cine and Hygiene, 103, 704-712. https://doi.org/10.4269/ajtmh.19-0465

Siqueira, .M., de Castro, R.J.A., Leonhardt, L.C.D.M., Jeronimo, M.S., Soares, A.C., Raiol, T., et al. (2017) Modulation
of the Immune Response by Fonsecaea pedrosoi Morphotypes in the Course of Experimental Chromoblastomycosis and
Their Role on Inflammatory Response Chronicity. PLOS Neglected Tropical Diseases, 11, ¢0005461.
https://doi.org/10.1371/journal.pntd.0005461

de Sousa, M.D.G.T., Belda, W., Spina, R., Lota, P.R., Valente, N.S., Brown, G.D., ef al. (2014) Topical Application of
Imiquimod as a Treatment for Chromoblastomycosis. Clinical Infectious Diseases, 58, 1734-1737.
https://doi.org/10.1093/cid/ciul 68

Wu, X., Chen, W., Yaqoob, M.D., Liu, K., Hu, Y., Lu, Y., et al. (2025) Effects of ALA-PDT on the Murine Footpad
Model of Fonsecaea monophora Infection and Its Related Mechanisms in Vivo. Photodiagnosis and Photodynamic Ther-
apy, 51, Article ID: 104452. https://doi.org/10.1016/j.pdpdt.2024.104452

Liu, X., Zhang, Z., Sun, J., Fang, R., Ran, X, Liu, Y., ef al. (2024) Improving Treatment of Chromoblastomycosis: The
Potential of COP1T-HA and Antimicrobial Photodynamic Therapy against Fonsecaea monophora in Vitro. Mycology,
16, 413-417. https://doi.org/10.1080/21501203.2024.2383640

Chen, W., Wu, X., Yaqoob, M.D., Liu, K., Hu, Y., Ke, X., et al. (2025) Analysis of the Effect of ALA-PDT on Macro-

phages in Footpad Model of Mice Infected with Fonsecaea monophora Based on Single-Cell Sequencing. Open Medi-
cine, 20, Article ID: 20241132. https://doi.org/10.1515/med-2024-1132

DOI: 10.12677/acm.2025.1551640 2481 I A [ 2 3k


https://doi.org/10.12677/acm.2025.1551640
https://doi.org/10.1111/j.1365-3083.2006.01846.x
https://doi.org/10.1016/j.micinf.2005.01.006
https://doi.org/10.1371/journal.pntd.0008386
https://doi.org/10.4161/viru.1.1.9920
https://doi.org/10.1128/mbio.01820-16
https://doi.org/10.1590/0074-02760180120
https://doi.org/10.4269/ajtmh.19-0465
https://doi.org/10.1371/journal.pntd.0005461
https://doi.org/10.1093/cid/ciu168
https://doi.org/10.1016/j.pdpdt.2024.104452
https://doi.org/10.1080/21501203.2024.2383640
https://doi.org/10.1515/med-2024-1132

	着色芽生菌病中宿主遗传易感性及免疫微环境调控机制的研究进展
	摘  要
	关键词
	Research Progress on Host Genetic Susceptibility and Immune Microenvironment Regulation Mechanisms in Chromoblastomycosis
	Abstract
	Keywords
	1. 引言
	2. 宿主遗传易感性研究进展
	2.1. 模式识别受体(PRR)相关基因多态性
	2.2. 基因功能验证与免疫应答失衡

	3. 免疫微环境调控机制
	3.1. 免疫识别机制与先天免疫的启动
	3.1.1. 模式识别受体的真菌识别
	3.1.2. 抗原提呈细胞对先天免疫的启动

	3.2. 固有免疫与适应性免疫失衡
	3.3. 形成依赖性免疫逃逸

	4. 转化医学：从机制到临床的研究进展
	4.1. 诊断标志物开发
	4.2. 免疫调节剂及靶向治疗策略
	4.2.1. 现有免疫调节剂
	4.2.2. 光动力疗法(PDT)的应用

	4.3. 预后评估模型

	5. 未来研究方向与挑战
	5.1. 当前研究局限性
	5.2. 精准免疫分型与个体化治疗
	5.3. 多组学整合与临床转化

	6. 结论
	参考文献

