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Progress in CARD9 mutation and fungal infections

ZHANG Yi, WANG Xiaowen, LI Ruoyu

Department of Dermatology and Venereology , Peking University First Hospital , Research Center for Medical
Mycology, Peking University, Beijing Key Laboratory of Molecular Diagnosis of Dermatoses, Beijing 100034 ,
China

Abstract: Caspase recruitment domain-containing protein 9 (CARD9) , one of the CARD family members, is
an essential adapter in myeloid cells, and is expressed in various tissues, including the spleen, liver,
placenta, lung and brain. By forming a complex with Bcl-10 and mucosa-associated lymphoid tissue
lymphoma translocation protein 1 (MALT1), CARDY mediates C-type lectin receptors (CLRs)-triggered
intracellular signaling and nuclear factor kB (NF-xkB) activation. which is therefore crucial in antifungal
immunity. Evidence indicates that CARD9 mutations lead to increased susceptibility to various fungal
infections. To date, 18 missense and nonsense CARD9 mutations have been reported in 56 patients from 14
countries, which is linked with a variety of fungal infections including Candida, Dermatophytes,
Dematiaceous fungi, Aspergillus, etc. This review aims to summarize recent progress in CARD9 mutation

and different fungal infections.
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A In 2006, the lesions were located in the left ear. B: In 2009, the lesions extended to the face, ear and back. C: In 2011, the infectious

lesions could be found in the face, back, left upper limb and chest. D: In 2015, septate hyphae were visible in the oral cavity and maxillary

secretions of the patient (direct microscopic examination, X400).

2 CARDY EERTEBERBRE TALRBLABFNERERRFRAFEERERER

Fig. 2 Clinical manifestations of the skin and subcutaneous phaeohyphomycosis over the past ten years and direct microscopic

examination results of fungi-**

Liang %5592 {9y CARD9 H: K b H 3%, ik
SN SE R 7R CARDY 2 5 iR i b e ROf
TP A B 7 TNF-o., IL-8,1L-6 (5235, #F
FER I PRI T YL () CARDO J DX Bl 58 3 oh
Je i F R 40 L ) B8 A A T 43 B s A T X etk
AT I AR AL DI RIS A2 4 X 20 WA 2, T 3
FPHCHTHER IR 25 R 14 e 5 ) R A5He B T 49 1L ) 3L
VEFHHERTAME

il . Wang 85929 WHGHE T 3 il j TSR
L2 FUFEN o3 IR IS IR R e 2 %
R T, 3 B8 H Y IF7E CARDY JE[H %
A, Horb p. S23X R & A%, p. D274fsX60 Fil
p. L64fsX59 2 Ak %72, R E 4 A CARDY
iRz . BB A E] i G g5 200 R A R I 0, T
WG AR F  FfL I NF-«B 1§ ¥ ) Th17 il
Th22 AH G SO 52450 o (B 0 e 00 R 1k S 2R

R BAR LB Z

Wu ZE5I R CARDO 3 R BB/ N BRUEE S IR
R 2 L P G 0 22 900 R A A, L CARDO i
BAEPORR R B Ye, 45 8 kM, CARDY JEH il
B /INERPE RO RS & 8k B S 386 o JER % J5 0938 vl
A R AR 4 B 2 R RR L SE T
%4 100% .,
3.4 CARDY ERFRRTESMEBERSL

Rieber % k18 2 191 28 1 fili o1 il 25 Ik e R
FL AT BILE 8 21 18 2 sk Hh B A1 i B SR YL R IR
Hodr 1 B8 E T 12 2 B s P il A e ni AT
fE1E CARDY JEH 4l 28748 M1I/MLI; 55 4b 1 ]
HIN 9 B TFURRESE H B I PN SR TR B P AR 28
RGN s A B By, A7 E CARDY JE R 4li 5 %8
7 Q295X 2 i 8 5 B fE7E CARDY & [ 3 Ik fit
0o HEHNE I P % 4N L H PR 40 AT Thl7



. 237 -

TRt

e H ) BT

o

REN|

ki, % . CARDY

W3 g ER M AT P IN.L*9-1I (L 15HmoLdd E ¥ L & WVEGHHh R &L HEF 29¥%¥%
il 3 < 2
[8T] #uBfM-cq ¥ E M & 0-IN.L*9-TI (£ 15H)mo2d-d ¥ EH F VEZd b B & 6¢ HHEF 1-9¥%%
AS0-D
-2 2 =3 S T (/S
[21] YT EEH bl © o 3086 b1/’ AN (£17)X38620 d HE¥r & WLEZH G Hd AN HET T1-S%M
g1-11
[s] AN ST ‘0-N.L ‘911 (£17)X6620 d HEY$H F VEGHY S Y g€ HET 1%
[s] il 3 1Y) ASDO-ND A dSO-IND (£ 1) HI6A d HMyr$H AN VEGZH S B &og Y& T1-¢ W
L1118 (SgLod & My
[e] o 2 T E R b1/ 119111911 A £ E)Hdesed-d pAREA S AN WVEG g  WE &L MY T-2 2
A i 2
AN M) O~ INL (£1%)X6620°d  HEMTLE AN YIZ R WY &y @) L T¥EX%
AN b1/’ o-IN.L (£1%)X3620 d HE¥yr g AN YHZCEH MO Yy M) 91 %%
AN i/} O IN.L (£17)X5620 d My E AN Wz W A ) o T1T%¥X
it 36 el b1/} 0-IN.L (£17)X38620 "d Ey g H i WMEH ¢ M) ¥1%¥%
AN AN AN AN MMy S H F VEGW W WY 1% 1 oT1T¥¥
Leghy AN AN AN MMy S H FH VEGZWH b WA 1 HE 1 7 T1¥%
[z] AIN AIN AN AN EyE g H WVEGd W 1 b ey T1T%¥%
wae Bl M7 LTUL B Ay 473K Wy fig) e 2, bt
] Jeoy T E T = T sl YR Yk el
P e £ A # i Qa VA Wy F %

uondYuI pp1PUv) YPIM syudned ur suoneINW GV Jo Arewruing

I°qelL

FTXeqAVO BBEIEH 1 2%



‘poyrodar jou YN

A 5y Journal of Microbes and Infections, August 25, 2018, 13(4) . 233-244

Ly
2

i

21 S T WG¥
e ¢ R 3 BRI AN AN AN EY g & Gy H WA W &¢ HHT z7e1¥%%
VLT-11°22-T11
[1z] AN AN ‘911 ‘ASO-ND (£ mozda-d HEYr & MW W @8 HHET 1-¢1 %%
02dZT119T
“T1 “A-NAI
[0z] o 3 e T C9-TI*P-ANL (£ HL6 d My S FH WEBEZ WY H  Hdy &8 E2% 1-21T %M
AN AN ASO-IND (£3) HI6A d AN & S b B A B AN XYEN 211 %%
Ht
ASO-IND * i 2 e AN dSO-IND (L3HHTI6A d My g & HEGEG W 2E & 6¢ XEN 11T ¥%
Yy
[61] ASO-IND * il 3 4 AN ASO-ND (LFHHI6A d My g & GEGH W ¥ &8¢ Y& 101 ¥%
i L <k EIL < (i
) T g R A 0-IN.L*9-1I (£17)X38620 d HE¥ H WENE S 497 BHTFTW 16 %%
it 3 < 2
F -G ‘g ¥R AN AN (£1%)X6820 "d Hyr$E F VEGW S Y & Le s 18 ¥¥%
GEYH EE
it 2L HH 1) © o 2 e AN P-IN.L‘9-11 (£9)0sed°d BT I F CUEZMM G B &L M) 1-L %%
Yai ¢ B IH7 2TUL il ey i H7 &I Wy [} B 27 38
Jeu BIFE T i Bl T A Y ¥
5% T W S AT v e " Ty W
(1¥%)



+ 239 -

P

L

PePEpN S

o

REN|

ki, % . CARDY

CAn
AN ¥ 9-TI (1501019 °d i) 17 F WeE WA W AN fesid 1-9¥X
AN Y 9-TI (£3%)X6820 °d 1 Y 7 H W AN MW s 26 EXE
%
AN Y 9-TI (£15)X6820 °d HinE & & WA AR L AN I [E72 YN A B e - 2
AN AN AN AN AN & B SR T AN I [EZ2 A o A 2
EAnRlSE-
AN Y 9-TI (£15)X6820°d AN F M S WA WY &1 MW Zv EX
EoAmRS
AN ) 9-TI (£%%)X6820 °d AN & SRR WA Y & 6T WkWW 17 ¥¥
AN bif) 9-TI (£ 1%)X6820 d B E % = th HE w8 MWW cc¥X
Sz W
AN AN AN AN [BIER= M 4 & SRR CWFE S 1w %8 MWW Z-c¥EX
AN Y 9-1TI (£1%)X6820 °d [ETS Ty 4 H IR S5 @8 MWWl T-€¥X
EARR
AN ) 9-TI (£1%)X6820d g E D) 17 F i AR MR B &6 AN T2 X%
[RARRI
AN AN AN AN MY & w CHCOF R A 14 &C AN 7T X%
[ARRT
[¥] AN Y 9-TI (£3%)X6820 °d AT & S AR WA W &9 MWWl TT¥X
Yul ¢ iz 2TUL  Byg Ay i H7 I Wy (i) ek 27 ¥H
Le8 TP X ek B o) sl At Yk [
P T WG LG . W S "y * %

uonddyur sajdydoipursa(q Yym syudnjed ul suoneInwWw GV Jo Arewrwing

FEREEBWHEE 6qdvO BHHIEH

T qeL
TE



'pa10dor Jou YN

WY 5EYE Journal of Microbes and Infections, August 25, 2018, 13(4); 233-244

iy
I

i

AN AN AN AN AN AN AN 1% AN HET 221 %%
B0 o 7 ¢ B gk
i 38 < {7 32 O ey s CARRTS
(TZ] st 3 b © st 30 0 o) Y 9-TI (L1HModd P HEEITYITZ FH O A Y %8 HETF 121%%
82 W b (%)
Rz i 2 HH ) AN AN (£1%)X6820°d g E D) 17 AN CHF W HR O N &y WEW W T-TT
d ELH M Tl
HGAEE S 3N (%)
(2] o 38 b St 380 1 o) AN AN (£ 11019 °d 1 gk T Ak 1 & Wa WE &1 T 10T
[22] it 2 G Hk AN AN (£ %%)X6820°d ) 17 & Wz WA &l NG 16%M
T LARRT
AUN Y 9-TI (£95)X6820°d B E HiHLDIE & S AR WA W &9 A 18 ¥%
T AR
AN Y 9-TI (£1%)X6820°d B &K HiEHITYIZ H SRR CWE O RN %G A ¢L¥EX
AN Y 9-1TI (£1%)X6820 d HigE9 17 & HOFE  HEH & WMAE 7L ¥EX
AN Y 9-1TI (£1%)X6820 °d 1 g 7T F IR Qb 7 &9 A T1-L¥X
AUN Y 9-11 (1501014 °d 1 e Y 7 & IR QISP AN s 9¥X
Yul ¢ iz 2TUL  Byg Ay & Rz S I Wy (i) ek 27 ¥H
Le8k TP X 7] T shit 3t Yk ;
P T WG LG . i W S L M ey
(T ¥%%)



. 241 -

P

L

PePEpN S

o

REN|

S

ki, % . CARDY

‘porrodor jou YN

q F8HM 2T ¥ ASO-ND 09Xsiv22d d
T W I 2 gy 1 TUL ) B iz [ 44s | R ACS | Iy 66XsFF9T1 d
SN WY ZZuLl oy B M LTUL  C9-TI ‘dT-TI ‘P-ANL ‘TWXONLH BUHTE AN Wi W= AN & se Hd 0T HM
AT HO ASO-IND
d ELLF g H TUL ) BY Wz 448 | EERAIACS || 09Xs¥vLzd d
M) $e32 M4y Zoul Oy B IZ 21Ul 9-T0 “JT-T1 “P-ANL F G Y B8 97 eyl AN Y# AN &Sy Edh 16 %
dERH M A HO ASO-IND 09Xs¥yLea d
S OB} SF MW UL W EEH; 22Tl VLT Iy xezs d
[67] %M &y ASOWD  ZgUl U B Wz LTUL 911 171 *P=INL EGAECE BHAGYE AN WA AN &er Hd T8 HM
dERH M
il U ) {2 dSO-ND 72 Gy
S I “I12T-T1 *A-NdT ol1egd d F 3¢ ek XY oh
[82] [{‘ASD-IND ‘NAdI Y910 PANL ‘9T £ EE) Oged d YK AN WOHEWCOWA O MN & 9T Ed  1-2 %W
i« S8
AN AN AN (£ 87)10pzezd - d  HE Mg Yol H HAEWLA AN 481 {1 19%¥
q ¥ YGEG
[oe] fHHM iy i) O~IN.L “9-TI (S 1M1 d  BWsA A & bW AN &S MEZm TS
fil 61dgz-T11°9T
H ) Se N bi/] -1 P-ANL “9-11  (£17)09Xs3vLzd d £ AN & Y AN % 8¥ Bleh 17 2
it 61dez-1191
B ol L Qg Y <10 “P-ANL “9-T1 (£1%)09XsIvLzd -d WYk N2 W AN o0z  HEHdb TeHE
q ¥ 61dez-T11°91
e TR B¢/ -1 “P-ANL *9-T1  (£8%)09XsivLza d LUK & MZF NN &9 FEd  1-7 %
q ¥ 61dez-1191 (X8S10 "d L5
(9]  EH it 3 1 o) Y -1 “P-ANL 9-11 £E)H)66Xs3791°d LW YKk & YA AN &€l Bch 1T M
e Bif iz 2TuL B ey A s ey fig) Sk 2, oL
Ledk WL = Thsfaree Yk ¥
49 k9 0 s g I i e i e VAR Wy FE g

UO0I}IdJUI SNISUNJ SNONDBHBWIP YIM sjudnjed ul suonejnw gy Jo Alewwing ¢ *qeJ,

FERREEZRC

T 6quvo BLHFIEH ¢



.22 . WUEM SR Journal of Microbes and Infections, August 25, 2018, 13(4); 233-244

AU IE R . PR AR I A A R 1 B T R DL S
A B AN AR DRI R R B 12 R )
ok ] A TR A P A RS el L P RE S
CARD9 FEIN 578 5 B il S 2 Uk AL IR 7 2R 1
U EESD

4 ZHiE

CARD9 B[R 2848 o35 | AN ] FL B gy, £ %
BLHIS B LAF ILs . ORI S 5 40 s 390
LAY 1 57 — 1B Bl 26 CARD9 il [ 52 i) v M b
20 PS4 FUAH N A DR 0 6 £ s B rp s 20
A > S5 5 5 DT 580 R T (o IR
@ CARD?Y i 3 58 5 B B ARG KR Sl A O %
IR 743 b ™= B e = (40 TL-6, IL-1B8, TNF-o %) , 5%
M " Y oy P A 5 TR KON 4B i Thl A Thl7 434k
O P e g e & Th A1 Th17 40 68 £ 28
e rh R E SR ] L Thl Z00son; A+ v T E
(interferon v, IFN-y) RJ 38 5 F0 5 41 g X 2L B A0 7%
WK AVE T Th17 4 st IR TIL-17 ] 5 4 7%
SR F Bt P 7= A PR e 4 S5 4R L 3
TP 22 K53 10 - DTS 5 1 T2 S e B A . 4%
1M K& 43 CARDO g 8 3 40 & 1fi Hh Thl/Th17
S L) BEARG 2800 R - b ik =, S 00RR I

H RTHE 1 CARDO H: K 5875 BT 25 B 1 Il e
H LA R SRR SR A IS R AR AT AN A BT
LA B ) R e i 5 ] 4 T TR 1 D A 2 A
Vo R IR A L B D B I 0 LT M R AR R
7 WNSRAE I PR T AR & B B DL A AR
e i e LA % G g2 B » DT Sy I 2 DRLS W F
SRt T,

Wiz CARDS fiftfif [ 7 L DR IR e 1) 1 1 328 W 144
% RIMAIAEAE B A (R B — 2R s LR LA 1Y
TR RN R B SR 1A S AN R X CARD9 {5
S VERA 22 5 A RS, Rkl
T X AN ) BB A A3 B B T I AIE 5 L XA T LR
FERITRAGAIL, DL BGBAL 4 I AN W2 3k 2 m] i ]
Ao —— 15 Bk,

=

[1] BertinJ, Guo Y, Wang L, Srinivasula SM, Jacobson MD,
Poyet JL, Merriam S, Du MQ, Dyer MJ, Robison KE,
DiStefano PS, Alnemri ES. CARD9 is a novel caspase

(2]

[3]

[4]

[5]

(6]

7]

[8]

[9]

recruitment domain-containing protein that interacts with
BCL10/CLAP and activates NF-kappa B [J]. J Biol Chem,
2000, 275(52) : 41082-41086.

Glocker EO, Hennigs A. Nabavi M, Schiffer AA,
Woellner C, Salzer U, Pfeifer D, Veelken H, Warnatz K,
Tahami F. Jamal S, Manguiat A, Rezaei N, Amirzargar
AA, Plebani A, Hannesschliger N, Gross O, Ruland J,
Grimbacher B. A homozygous CARD9 mutation in a family
with susceptibility to fungal infections [J]. N Engl J Med.
2009, 361(18): 1727-1735.

Drewniak A, Gazendam RP, Tool AT, van Houdt M,
Jansen MH, van Hamme JL. van Leeuwen EM. Roos D,
Scalais E, de Beaufort C, Janssen H, van den Berg TK.,
Kuijpers TW.
neutrophil killing in human CARDS9 deficiency [J]. Blood.,
2013, 121(13): 2385-2392.

Lanternier F, Pathan S, Vincent QB, Liu L, Cypowyj S,
Prando C, Migaud M, Taibi L, Ammar-Khodja A,
Stambouli OB, Guellil B, Jacobs F, Goffard JC, Schepers
K, Del Marmol V., Boussofara L, Denguezli M, Larif M,
Bachelez H, Michel L, Lefranc G, Hay R, Jouvion G,
Chretien F. Fraitag S, Bougnoux ME, Boudia M. Abel L,
Lortholary O, Casanova JL, Picard C, Grimbacher B, Puel

Invasive fungal infection and impaired

A. Deep dermatophytosis and inherited CARD9 deficiency
[J]. N Engl J Med, 2013, 369(18): 1704-1714.

Gavino C, Cotter A, Lichtenstein D, Lejtenyi D, Fortin C,
Legault C, Alirezaie N, Majewski J, Sheppard DC., Behr
MA, Foulkes WD, Vinh DC. CARD9 deficiency and
spontaneous central nervous system candidiasis: complete
clinical remission with GM-CSF therapy [J]. Clin Infect
Dis, 2014, 59(1) . 81-84.

Wang X, Wang W, Lin Z, Wang X, Li T, YulJ, Liu W,
Tong Z, Xu Y, Zhang J, Guan L, Dai L, Yang Y, Han
W, Li R. CARDY9 mutations linked to subcutaneous
phaeohyphomycosis and TH17 cell deficiencies [J]. J
Allergy Clin Immunol, 2014, 133 (3): 905-908. e3. doi:
10.1016/j. jaci. 2013.09. 033.

Grumach AS, de Queiroz-Telles F, Migaud M, Lanternier
F, Filho NR, Palma SM. Constantino-Silva RN, Casanova
JL. Puel A. A homozygous CARD9 mutation in a Brazilian
patient with deep dermatophytosis [J]. J Clin Immunol,
2015, 35(5): 486-490.

Herbst M, Gazendam R, Reimnitz D, Sawalle-Belohradsky
J, Groll A, Schlegel PG, Belohradsky B. Renner E.
Klepper J. Grimbacher B, Kuijpers T, Liese J. Chronic
Candida albicans meningitis in a 4-year-old girl with a
homozygous mutation in the CARD9 gene (Q295X) [J].
Pediatr Infect Dis J, 2015, 34(9): 999-1002.

Liu M, Spellberg B, Phan QT, Fu Y, Fu Y, Lee AS,
Edwards JE Jr, Filler SG, Ibrahim AS. The endothelial cell



5t , % : CARDO JEAEAE LI UL PN H () BT

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

receptor GRP78 is required for mucormycosis pathogenesis
in diabetic mice [J]. J Clin Invest, 2010, 120 (6).
1914-1924.
LeibundGut-Landmann S,
Immunity to fungi [J]. Curr Opin Immunol, 2012, 24(4).
449-458.

Colonna M. All roads lead to CARD9[J]. Nat Immunol,
2007, 8(6): 554-555.

Hsu YM, Zhang Y, You Y, Wang D, Li H, Duramad O.
Qin XF, Dong C, Lin X. The adaptor protein CARD9 is

Wuthrich M, Hohl TM.

required for innate immune responses to intracellular
pathogens [J]. Nat Immunol. 2007. 8(2):. 198-205.

Gross O, Gewies A, Finger K, Schater M, Sparwasser T,
Peschel C, Forster I, Ruland J. Card9 controls a non-TLR
signalling pathway for innate anti-fungal immunity [J].
Nature, 2006, 442(7103): 651-656.

Drummond RA, Saijo S, Iwakura Y, Brown GD. The role
of Syk/CARD9 coupled C-type
immunity [J]. Eur J Immunol, 2011, 41(2). 276-281.

lectins in antifungal
Roth S, Ruland J. Caspase recruitment domain-containing
protein 9 signaling in innate immunity and inflammation
[J]. Trends Immunol, 2013, 34(6). 243-250.

Jia XM, Tang B, Zhu LL, Liu YH, Zhao XQ, Gorjestani
S, Hsu YM, Yang L, Guan JH, Xu GT, Lin X. CARD9
mediates dectin-1-induced ERK activation by linking Ras-
GRF1 to H-Ras for antifungal immunity [J]. J Exp Med,
2014, 211(11) . 2307-2321.

Celmeli F, Oztoprak N, Turkkahraman D, Seyman D,
Mutlu E, Frede N, Koksoy S. Grimbacher B. Successful
granulocyte colony-stimulating factor treatment of relapsing
Candida albicans meningoencephalitis caused by CARD9
deficiency [J]. Pediatr Infect Dis J, 2016, 35(4) . 428-431.
Lanternier F, Mahdaviani SA, Barbati E, Chaussade H,
Koumar Y, Levy R, Denis B, Brunel AS, Martin S, Loop
M. Peeters J, de Selys A, Vanclaire J, Vermylen C,
Nassogne MC, Chatzis O, Liu L. Migaud M, Pedergnana
V, Desoubeaux G, Jouvion G, Chretien F, Darazam IA.
Schaffer AA, Netea MG, De Bruycker JJ, Bernard L.
Reynes J. Amazrine N, Abel L, Van der Linden D,
Picard C,
Puel A.

Harrison T, Lortholary O, Mansouri D,

Casanova JL, Inherited CARD9 deficiency in
otherwise healthy children and adults with Candida species-
induced meningoencephalitis, colitis, or both [J]. J Allergy
Clin Immunol, 2015, 135(6): 1558-1568. ¢2. doi:10.1016/
j.jaci.2014.12.1930.

Gavino C, Hamel N, Zeng JB, Legault C, Guiot MC,
Chankowsky J, Lejtenyi D, Lemire M, Alarie I, Dufresne
S, Boursiquot JN, Mclntosh F, Langelier M, Behr MA,
Sheppard DC, Foulkes WD, Vinh DC.
RASGRF1/ERK-mediated GM-CSF response characterizes

Impaired

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

. 243 -

CARD?9 deficiency in French-Canadians [J]. J Allergy Clin
Immunol. 2016, 137 (4). 1178-1188. ¢7. doi: 10. 1016/j.
jaci. 2015.09.016.

Drummond RA, Collar AL, Swamydas M, Rodriguez CA,
Lim JK, Mendez LM. Fink DL, Hsu AP, Zhai B.
Karauzum H, Mikelis CM, Rose SR, Ferre EM, Yockey L,

Lemberg K, Kuehn HS, Rosenzweig SD, Lin X,
Chittiboina P, Datta SK, Belhorn TH, Weimer ET,
Hernandez ML, Hohl TM, Kuhns DB, Lionakis MS.

CARD9-dependent neutrophil recruitment protects against
fungal invasion of the central nervous system [J]. PLoS
Pathog, 2015, 11(12). e€1005293.

Alves de Medeiros AK. Lodewick E, Bogaert DJ. Haerynck
F, Van Daele S, Lambrecht B, Bosma S, Vanderdonckt L,
Lortholary O, Migaud M, Casanova JL, Puel A, Lanternier
F, Lambert J, Brochez L, Dullaecrs M. Chronic and
invasive fungal in a family with CARD9
deficiency [J]. J Clin Immunol. 2016, 36(3): 204-209.
Jachiet M, Lanternier F, Rybojad M, Bagot M, Ibrahim L,

infections

Casanova JL, Puel A, Bouaziz JD. Posaconazole treatment
of extensive skin and nail dermatophytosis due to autosomal
recessive deficiency of CARDY9 [J]. JAMA Dermatol,
2015, 151(2): 192-194.
de Sousa Mda G, Santana GB, Criado PR, Benard G.
Chronic widespread dermatophytosis due to Trichophyton
rubrum: a syndrome associated with a Trichophyton-specific
functional defect of phagocytes [J]. Front Microbiol, 2015,
6: 801. doi: 10.3389/fmicb. 2015.00801.
Boudghene Stambouli O, Amrani N, Boudghéne Stambouli
K, Bouali F. Dermatophytic disease with deficit in CARD9 .
A new case with a brain impairment [J]. J Mycol Med.
2017, 27(2) . 250-253.
Chowdhary A, Perfect J, de Hoog GS. Black molds and
melanized yeasts pathogenic to humans [J]. Cold Spring
Harb Perspect Med., 2014, 5(8): a019570.
Revankar SG. Dematiaceous fungi [J]. Mycoses. 2007, 50
(2): 91-101.
Revankar SG, Sutton DA. Melanized fungi in human disease
[J]. Clin Microbiol Rev, 2010, 23(4) . 884-928.
KB, ERER, T, . RO A 2 N B
CARDY 572 B ARG /T 58 [T, e 5, 2017,
12(1) . 14-23.
Wang X, Zhang R, Wu W, Song Y, Wan Z, Han W, Li
R. Impaired specific anti-fungal immunity in CARD9Y-
deficient patients with phacohyphomycosis [J]. J Invest
Dermatol, 2017, 138(3):607-617.
Lanternier F, Barbati E, Meinzer U, Liu L., Pedergnana
V., Migaud M, Héritier S, Chomton M, Frémond ML,
Galeotti C,
Bidault V,

Gonzales E. Romana S, Jacquemin E,

Angoulvant A, Canioni D, Lachenaud J,



. 244 -

[31]

[32]

[33]

WeEY 5y Journal of Microbes and Infections. August 25, 2018, 13(4) ; 233-244

Mansouri D, Mahdaviani SA, Adimi P,
Jamshidi M, Bougnoux ME, Abel L, Lortholary O, Blanche
Picard C, Inherited CARD9

Mansouri N,
S, Casanova JL, Puel A.
deficiency in 2 unrelated patients with invasive Exophiala
infection [J]. J Infect Dis, 2015, 211(8): 1241-1250.
grige, EILRSE, JTdE. 2. CARDY SRR 622 18 750
S RN AT SR A DI RE R E [T, PR AR
#Zei, 2015, 10(1): 1-5.

Liang P, Wang X, Wang R. Wan Z, Han W, Li R.
CARD?9 deficiencies linked to impaired neutrophil functions
against Phialophora verrucosa [J]. Mycopathologia, 2015,
179(5-6) : 347-357.

Wu W, Zhang R, Wang X, Song Y, Liu Z, Han W, LiR.

[34]

Impairment of immune response against dematiaceous fungi
in Card9 knockout mice [J]. Mycopathologia, 2016, 181(9-
10) . 631-642.
Rieber N, Gazendam RP, Freeman AF, Hsu AP, Collar
AL, Sugui JA, Drummond RA, Rongkavilit C, Hoffman
K, Henderson C, Clark L, Mezger M, Swamydas M,
Engeholm M, Schiile R, Neumayer B, Ebel F, Mikelis CM,
Pittaluga S, Prasad VK, Singh A, Milner JD, Williams
KW, Lim JK, Kwon-Chung KJ, Holland SM, Hartl D,
Kuijpers TW, Lionakis MS. Extrapulmonary Aspergillus
infection in patients with CARD9 deficiency [J]. JCI
Insight, 2016, 1(17): e89890.

(e H #1:2018-02-08)



