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Dectin-1 7£ curdlan 15 S8V 2 14 A oF Fhym
= RE R N P EIER LS

REFET Ham & F7
CEsEER:, DAL SR, TSR AT 9%, L5 100730)

W 191 A ZE 5 (CGD) s — P 28 WL 1) 4% S % BB 25 60 . CGD i N i .y NADPH %A 4t i 2(NADPH oxidase 2,
NOX2) Ty Al G 5K 38 i ke 200 L P O ek B Ry, S i B AMIR IR 4 B 5 BB (R R e . BRI 208 curdlan JB T 1, 3-B- I &R
B, RAGSREABEENETRS. Hl, EAERMED EZEMRRIRAZ A, BER dectin-1 £E 25 curdlan 755
EiWE A 2 5 o3 9O RN ARy FHLRIA 706 2. S TiRFe i — B, F-A7TR A luminol A1 Amplex Red VAR I P4 %
A 7K, ELISA il 8 AE R IL-18 7K BA K % 5% 6 Al NF-«B {5 58 B (M B0EH 0. 45 KW, curdlan ¥ AR
P i A B R SR A A, NOX2 Rk B 38 FRAIIE PR 77 2E , dectin- 1 Rk 3870 AR I 4 480 1) 26 SR04 BELUT NF-kB {5 5
TRPEBEOE. NOX2 KO /MR ZAERF F IL-18 /KF R EF 5, Dectin-1 #1255 NOX2 KO /MR IL-1B /KFB&fK; Dectin-1 KO
ANERIRTL-1B KPS WT /AN LETE R E 2 5%, 5 Dectin-1/NOX2 KO /MR ELZEF B . HREERIRR,  curdlan H¥ T HL4E
I ELREZH M N 1K) dectin-1 524K S A R, WS NF-KB 5 5@ BB A IE R T IL-18, R @5 dectin-1 Z/A¥0E NOX2

BEGEVEETE RN, EENVA R . B —i R dectin-1 AEME—Z 511524k,

KA BHEREM SN, curdlan, ¥EPES, dectin-1, IL-1B8

FROES Q2

12 4% (Al 2§ )T 9% (chronic granulomatous disease,
CGD) & — 5 WL 1 2 R A 7 W0k 4 1 Ty 1 6k B 3 it
()38 A% e O 1 S SRR SR B RE, R I) Ay ik IR 5%
A P 5 B L SR B 4 B T (NADPH) A LR B &)
(NOX) Ij & R 2% 3 B 75 W5k 41 Jf P4 7% 1E %5 (reactive
oxygen species, ROS)A: 65, ASHEIF bR AN 1)
A BRI YEA R 5 J 0, AT 51K R OAE
K7 A A & 1B (interleukin-1, IL-18)% Y BRI,
FIA AR S, CGD A AE SR [ 2924 1/200 000,
I F ] R s 26 i JEHGER. CGD & — M ER &0,
I3 NI PR 26 B R 7 B R 28 1 ) SR G S S i A 2
Jif, IR DL R A . SRR R A6 PR E AT R
SV RN IR . bR T R Sy, R R R
R GR s S A I RANE DT ZE )
KR, 60%~T0% 1 & 23 A B BRI,
I8 o e o B A 2 OE A A PR T R R R R AR A
CGD HHME—F R 7150,

CGD i N 5 5 L BRI G i A T % L T R
B- il B HE (B-glucan) A& F 7 2 B B 40 i B 1Y) 3
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55, HH curdlan J& T 1, 3-B-glucan, #Ef% 5Lk
G 2 4 L AH B ) 2 AR S S, BOE T OB
Dectin-1 J& —Ff C- & R, @ H 7E 5 S840 M
AL EVRANM ., PR i R R 4 i 2
5. AR, ERRAES dectin-1 /FEIR
7| 52 4 (patten recognition receptor, PRR) fE 1% 5
Toll #5244 (toll-like receptors, TLRs)Z% bl [F]1E H iR
) A A A EE SRR T B-glucan, AT S S K
RN, 25 RGeS,

H 98 NADPH % ft i 2 (NADPH oxidase 2,
NOX2)KE ] ROS (IR K RERS R CGD i N H i
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JRE, &: Dectin-1 7£ curdlan i% S5 8918 % A 2F w5 2 K KL P B9 1E R #L *593.

FE Ty Ik, AR 5 v 9 SR [AI O6 R AN+
SHiGHE. AR, 1, 3-p- H R A ENR
41 o B _E T dectin-1 2R 5 J5, W& Caspase-1
M) IL-18 BEI™, M F ROAE V. SR,
curdlan & 75 7] DLid I 54 M0 3R 0T 1 dectin-1 5244
S E RN A ROS WA AR, AT s B it
TR T K T UL ANE 2. Rk, KRBT E
7E %) B curdlan @i dectin-1 5244 X 8 1 A 2 i 14
P9 LR 4 i 2 5 G2 9NE IO ) 5 M) S L i
Je A HL,  SAtE it A 2 o s ()76 97 A A
AER I HE Al

1 MR57E

1.1 #R5iH

Curdlan(3£ [H sigma A #]); G4 MiE. DMEM
1 77 % (Gibco A F]); Amplex Red (32 [H Invitrogen
/A #]); Luminol (3 [® Sigma /A #]); IL-18 ELISA
W 7 & (R&D Systems); NF-kB (P65) ( 3€ [# Santa
Cruz A ).
1.2 LI E

B A4 A (WT). NOX2 7 (NOX2 KO) /b K «
dectin-1 7 7/ NOX2 7 «(dectin-1 NOX2 KO) /) 5 Fl
dectin-1"+(dectin-1 KO)/N R (C57B16/J, 8~12 i,
HEPE). & b F /0 B 3 H A TG OK 22 304 S 56 i
FA LA, MEFRTF SPF(specific pathogen free) 2k
W (R ETE, mEKEEY, BRAKEK).
TS KRS, B 55N iR EE4ERRAE 25°C,
B I AE BN 1] 9 12 W/12 h.
1.3 /PMRIERBEERIFREREMEBMDM)IE ST

WT, NOX2 KO /)l dectin-1 KO /) i B
B, a4 RBM), TR R A
qupE, M. TEEA 10%06 248 175 (FBS) ) DMEM
B IR EE N 20% I S8R 10 1929 40 3% 97 3 (&
M-CSP!LL K 1% H1H & 2%, 37°C. 5% CO, 41
BRI BN TAR, JFES 2R
4 RAfe—P i ok, 228 6 KA/ LR
7RG EF MR ERR, 153805 EE 40 iR 74k
AT B R JR B I 41 i (bone marrow derived
macrophage, BMDM).
1.4 NRIFEKEERIRR E RS

WT Fl dectin-1 KO /N 8 I8 5 vE 5 10 ml
Hank s ~F {7 35 ¥ W (HBSS) 5 » %2 8/ R IE BE,
10 min /& ¥ HBSS [0, 40 oH 405 #5701 96 4L
R FEfR. 37C, 5% CO, 4ifa s =M 857 e,

208 M8 Ik JE B B 40 M (peritoneal
macrophages).
1.5 CGD #HiEtRE L

JE AR 2 B By R A8 B B BE SR UR BV 40
(BMDM) & JI§ Jiz Sk Y5 5 W 41 g+ in N curdlan (50
100. 200 mg/L), %37 CGD 20z,
1.6 ELISA 7N R EREF IL-1p BFRIE

SRR 2. 7T R EEE, Rl AR
iE DT IL-18 (A : PBS 1 0 180 i Fe i 3Ky ik
(capture antibody), 50 wl/ FLIIABEEFRiR H, =T
s BEARE, NP 22 (block buffer)150 wl/
LR 1 hs Ve 3 K, IINHGRE L B b A
ai 50 wl/ FLCH K770 70 B ) 1/170 # B Ji5 & Ik LA
101 FRRBEECHI bR HE SN 1~7, 8 NIRFIF B,
2 hy VEAR 3 K, I K DU 4T 4K (detection
antibody)50 I/ FL(1/180), =i 2 h; ¥tk 3 K, I
AN 50 pl/ FLBE B R A1 - B T A L Y
(streptavidin-HRP), & % i 30 min; BEHR 3 X,
TIN50 wl/ FL, EEHZE IR 40 ming I
1B 25 wl/ L, BRI A K 450 nm, K&
IEJ K 540 nm.
1.7 EMERROS)EN
1.7.1 Amplex Red #&ill ROS

BM 4x10° #5011 96 fLik 4, 7 KRG 5049k
¥ BMDM. C fill 1 & ¥ W (MIX) & H,0, #5 ik
mo. MIX AL 45 . B T A 4k ) B8 (HRP),
500U/ml, 2 ml (1 : 10 000 # #); Amplex Red,
10 gL, 50 pl; HBSS, 6 ml. ¥ MIX Jii A Ff &5 fL
H1, 80 wl/ #L; MBI curdlan 20 wl/ fL. AL,
37°Cx 60 min WHESGAE, BRI F K5 5
600 nm 1 550 nm.
1.7.2 Luminol ¥l ROS

BM 4x10° #5501 96 fLik 4, 7 KRG 5049k
# ) BMDM; B #] MIX. MIX # {3 #5 : HRP,
2500U/ml, 2 pl/ FL(1 : 10 000 #% B ); & ki
(Luminol), 10 g/L, 1 wl/ fL; HBSS, 97 pl/ fL.4%
MIX JOAFE LA, 100 pl/ L% curdlan. Fluostar
FHUER R ERN, 7E 37 CUREEL S R IB(RLU) >
80 min.
1.8 HRIEFXHHN NF-«B 55 BHEHFRER

¥ BM MR FES B b, 7 RIE R
9 BMDM.  HUH A 4 i AR A 1 26 35 E B R 22 1 i
(PBS)H1¥eis 1 4%, I FEELE-20°C [ 2 10 min;
PBS ¥t A Ja i AN H 3% 4 1L & [ & [ (BSA)/PBS
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(m/v)¥% 1 © 200 FFE M NF-kB —#1, 37°CIHEHE 1 h;
PBS ¥EH, MM 3% BSA/PBS(m/v)f#% 1 & 50 Fikt
) —Pt, 37CHROLIEE 1 hy BEESME T PBS I
F, JONFH PBS L1 100 FiBE ) DAPI 5, =il
WG E 3 min: WEOLSEAE T PBS ¥, JELUK
EZRWE, WRRE T, PR T M.
1.9 FitFaE

gk 9L 4> M1 ¥ B GraphPad Prism 4 (GraphPad
Software, San Diego, CA). TE XKLy + s K
AN SR TE R TTRLR B R 7 2 9 i AT L
8, BT 2 A R B two-way ANOVA. 95%
AfEX [, P<0.05 NZERHGI%E L.

2 & B

21 NOX2 “/IR (NOX2 KO) # curdlan 5
IL-1g & F%i&

EVES curdlan 528 2 K. 8 7 Kfadll i H
IL-1B /K-FA84k. ELISA 45 R anfE 1 flE 2 fiow,
NOX2 KO /N4 IL-18 /K2 2 T X JE WT 4.
2.2 Dectin-1 "(Dectin-1 KO)/i& # curdlan 5|#2
IL-1B {k&i&

Dectin-1 2 JE IR FEZ R —. ATk
M dectin-1 7E CGD /) B A5 A A Sy Ji AR 231 v (1)
EH, FATHEH dectin-1 mBR AT dectin-1 5 NOX2
U R (R /N B, (RN S 3 R RS R 4 g/L
f8) curdlan 50 pl, TEVESESE 2 R 25 7 REURH-
RIEA. 1R 2 855K, 5B AR(WT)
/NEAHEG, NOX2 @i bR/ B 28 9 Bl IL-1p 7KF &
ETwEr, dectin-1 @ FR /N BRI AR R I BH 21 28 0E
KL, IL-18 ZKFEE AT WT 4/, (H 0 2 2 1
E5. M dectin-1 FEFEAN dectin-1/NOX2 ik Bk 1
INERZ T IL-1B IKFAESS 2 RERA RF P <
0.05); %7 KREwEER. A, dectin-1/NOX2
BRI/ IL-18 /KPR T NOX2 mitbi/NERL. BA
AR, NOX2 Fsh A 2 T BUS P A28 s =
RAEME N B FZEFF . Dectin-1 & B W40 i 2 M
FEN curdlan R 2K, - FEARENE, H
HAEME— 524Kk
2.3 Curdlan 5% BMDM F=E X EF S

W 3 fiizn, curdlan(50. 100, 200 mg/L)i% &
WT /N ) BMDM 77 A K i 3 P 4 Gl A A A
HAEA). HA, BMDM A curdlan /N &R,
A A B R B, 24 curdlan W EE R T
200 mg/L B, EWE4HAL R curdlan f9< BE 3 e T 44

K3k k
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Fig. 1 Decreased level of IL-1f3 in dectin-1-deficient
mice 2 days after injection of curdlan
WT, NOX27, dectin-17- and dectin-1--/NOX2-- mice were injected with
50 pl of 4 g/L curdlan or 50 pl of PBS intradermally at the basis of the
ear. The level of IL-1f3 in the ear was measured at day 2 after curdlan
and PBS injection. Results of each point were expressed as x + s
from independent mice(n=5). P <0.001,"P<0.01, ' P<0.05. m:WT;
A :NOX2; Y : Dectin-1 KO; # : Dectin-1 NOX2 KO.
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Fig. 2 Decreased level of IL-1f in dectin-1-deficient

mice 7 days after injection of curdlan
WT, NOX27, dectin-17- and dectin-1"/NOX2~~ mice were injected with
50 wl of 4 g/L curdlan or 50 pl of PBS intradermally at the basis of the
ear. The level of IL-1B in the ear was measured at day 7 after curdlan
and PBS injection. Results of each point were expressed as x + s from
independent mice (n=5). **P<0.01. m: WT; A :NOX2; V¥: Dectin-1
KO; & : Dectin-1 NOX2 KO.

Mz, AR E 2R EEALY. RN, £
BMDM ', [fi% curdlan ¥ fE T, LS A K
HhN. Dectin-1 $2k T2 curdlan 75 5 1075 P A G
At S E) A gD, B curdlan WE G
. L5 R, curdlan %5 B VR 20 i o 4
ARSI, dectin-1 A2 WG 4 AL 2% 171 R ) 405 3B
curdlan (P32, (HANEME—SZ44K.
2.4 NOX2 Z BMDM HiEME~E M EERIR
WK 4 fiR, dectin-1 #2571 BMDM 7
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Fig. 3 Production of ROS triggered by curdlan is dectin-1 and dose-dependent
Bone-marrow cells freshly isolated from WT and dectin-1-dificent mice to get BMDM. BMDM were stimulated with 100 mg/L of curdlan and ROS

production was measured by Amplex Red (right) and Luminol (left) assay. Results are expressed as the rate of peroxide production, the histograms

representing x + s of 3 independent experiments performed in duplicates. "P < 0.05 curdlan vs. NS. **P < 0.01 curdlan vs. NS. “*P < 0.001 curdlan vs.

NS. o—o: WT; e—e: Dectin-1KO.

curdlan 100 mg/L H| ¥ &, & P %77 A WT
curdlan 2 & J >, 298 WT 4 50% £ 4 .
Dectin-1/NOX2 KO /) ff 7E curdlan 100 mg/L $ ¥
T, WEHESAES WINSAEZER. MLESGRE
UCAIE B dectin-1 & % 40 i 2% 17 150 501 4 95 30 35
curdlan 524K, {HAZME—/K. 4ME BMDM
H, NOX2 @i M4 AR 1) 1 BRIR.
2.5 Curdlan FSERRENEEMBTE XK E
BEY

WK 5 s, £ curdlan (100 mg/L) #ll i T,
WT /)N BRI i SR I 5 &) it 7= A K = fE R e
(P<0.01), ifi dectin-1 KO #E Y 7=A AN /D,
NN WT 21 20%~30%. LL_E 45 BAE I 7E i
Jl KPR E VA b, dectin-1 fEWS/E AR R )
T, ZEMEEEENEMR, H dectin-1 A2
curdlan FIHE— iR 7 524K,
2.6 #EEFRRE FxB(NF-kB)ESi#EKS S dectin-1
ZRRAFREN SHREDE

N T W ST curdlan 55 BMDM 4 JiE J B H ()
NF-«B & S A/EH, A otiEk il NF-«B
BoE o, w6 Fian, curdlan 100 mg/L #il ¥
120 min )5, NF-«kB P65 M i Jii % N Mo #%, 1M
dectin-1 KO /N, BMDM 1, NF-«B P65 4 Hi g
RN, DL R GES, dectin-1 R 2
JE AR B 2 ik 2 —, A dectin-1 F 8k 2K 5 5K
curdlan & i #5700 NF-kB 5 58K S 5 0E R
IiE N
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Fig. 4 Production of ROS triggered by curdlan in BMDM
BMDM were isolated from WT and dectin-1-dificent mice were
stimulated with 100 mg/L of curdlan and ROS production was measured
by Luminol assay. Results are expressed as the rate of peroxide
production, the histograms representing x + s of 3 independent
experiments performed in duplicates. “P < 0.01 curdlan ps. NS. ™P <
0.001 curdlan ps. NS. 0—0: WT NS; A—A: Dectin-1 KO NS; ¢—< :
Dectin-1/NOX2 KO NS; e—e : WT curdlan; A—A: Dectin-1 KO curdlan;
4— & : Dectin-1/NOX2 KO curdlan. [1: WT; : Dectin-1 KO; N :
Dectin-1/NOX2 KO.
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Fig. 5 Production of ROS triggered by curdlan in peritoneal macrophages

Peritoneal macrophages were isolated from WT and dectin-1-dificent mice were stimulated with 100 mg/L of curdlan and ROS production was

measured by Luminol assay. Results are expressed as the rate of peroxide production, the histograms representing x + s of 3 independent experiments

performed in duplicates. "P < 0.05, “P < 0.01 curdlan »s. NS.

Dectin-1 KO NS

NF-kB(p65)

DAPI

Merge

WT Dectin-1 KO
curdlan 120 min

curdlan 120 min

Fig. 6 Curdlan promoted translocation of NF-kB from cytoplasm to nucleus

BMDM cells were induced with curdlan 100 mg/L for 120 min. Cells were fixed and permeabilized, then incubated with anti- NF-xB P65 antibody and

TRITC-conjugated antibody (red). DAPI shows nucleus staining. Images were captured using an OLYMPUS fluorescent microscope.
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*597-

B SBUERF SRR B NOX2 R
ROS & Ref iR CGD Ji N1 = FE 2 ik, B2
H5m RAE RN Z B R R AT E . Ik,
FE CGD #AE I [ ML ) — 4> B il 2 dectin-1
MIFELE, dectin-1 1EA4 B-glucan 554 ¥R 1) 52 14
RE S PO ML AR [ G e,

N T R NOX2 9 AF FH BL & dectin-1 #£ CGD
/N BRBE R e A D A R B2 AR AR T, JRATTAE
dectin-1 i B Al dectin-1/NOX2 X B (19 /I &, [7]
i) FE 3 B VRS 50 wl 4g/L ) curdlan, 76 3% 5t
JEH 2 R BT RBUR B S HUE 1. ELISA e il
IL-18 K PHISE KB, NOX2 iR/ 5 WT /b
B LA dectin-1 @&/ BR 5 dectin-1/NOX2 Ui
/N R TRV AE W 25 22 5, IR W] NOX2 Bk 2k
B E R AR A IR T AR BR AR 5 e S B0
PE DA ZF b e A8OE VR SR T R AL ik Ak
dectin-1/NOX2 XU i & ) /N Bl IL-18 7K ~F K T
NOX2 i B /N U 55 T dectin-1 mig B /N B, IF B
dectin-1 72 W 40 I 26 11 /-5 [ B 22 19 255 1) o 2
AR, H curdlan WO B4R 55 B 2 AN R4
KA dectin-1, H dectin-1 A & M — A 15 3R 1) 32
i, HARME—Z5 NOX2 Mg 2 k. £ CGD
RRAE B, A REEAFAE A A2 5 R
B UL AT ORE A 32 MR BL R . TLR2. Ah AR 24K
(complement receptor 3, CR3) B 3 FL A 24 5k ¥ & i
(lactosylceramide, LacCer) >, 5 # fg i1 7l
B-glucan Ff H 5|2 ROS F= A4, 7F 4f ffg 5256 A1,
W AR TR E R AR P WL, curdlan FJ LA
51 ke L A I PR U A B N, AR
w1 dectin-1 B2 4H, I PR SR B R 0 i
&, TAEMMAN. KL, dectin-1 Bt 2 I 3 14
FURRBE A, HE AR R WT 1> 50%
FeAi, UL dectin-1 5 NOX2 (il &AM,
R, TEMEAE RIS PEC. RATHE R,
dectin-1 {2y |51 200 o 15 26 i A9 A5 R il 32 AR AE 1R
ME KRR EEAE, BRI BN R
B i1 RN e = e 04 7 A (A =S R R
ALK, W dectin-1 HJEH NOX2 ik
MR —, &7 EMZAESE5 NOX2 #
W FTRL, FE/NBR AR dectin-1 B AATY AR I 1 4R
A, O R R TR S RE W T BR AN R IR, 1S
/BRI N 2 SE R IL-18 Al 7K P FE AN .

Dectin-1 @R 2R AE A5 PSS 7 GOk, AT 3220
EvEAH B BREE 1 N R, A0 AL R AT SRR I R

YiE SN, HAHL S AanfalWe ? i % 5% K F kB(NF-kB)
S BB AT, B IRE T NF-«B
PLAEVR RS AAAE,  BILL P50-P65 3 SRR R
5 M| 14 2% 1 (inhibitor kappaB, 1kB)4 &1, 7E
LR TR, NE-kB #E 1L, FRae v 3m 1
NF-«B #7532 MEEE M RIE, F=E 2 Mg FE
T 55 RKAERM, 1 IL-18+ TNF. IL-6 2509, 3%
TR 45 B B 7R . curdlan 7] PLiE NF-B, fii {5
P65 tH M BT % 7 A\ ML A%, 1 Dectin-1 @k 2% ()
BMDM H', NF-xB P65 75 i i Ji 4% N\ A%, gk
T 75 5 48 i 40 D) TL-1 8 5 0 20 i B 48
JE BN JRE R B, DA B KIE R, dectin-1
FOR % JE AR ) B 22 4k 22—, dectin-1 [ B 2K 5 5L
curdlan 3BT E/0 #iE NF-kB 5 58K & 50 0E &
JiE SR B NF-k B/ 58 2% /13 B S0 280 B8
KA T dectin-1 FI99 5L iH 2.

gi BATA, DL Egn A RSz ie R,
curdlan FIJ¥ R LA IE b W5 41 A P9 fr— A =X IR
SRS RPN, S NF-«B {5 5l B R i
FEH 7 IL-18; [ B i 3 A% 53R 1 A2 A B
NOX2 B BUE TS bR 5, (Rt iaEeE. H
W, dectin-1 &2 5% R 0 EEZ 44, 12
7 NOX2 W E 224K, {H dectin-1 AEZHIX—iT
F2 0t — 52 .

2 % x M
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Role of Dectin-1 in Hyperinflammation of Chronic Granulomatous
Disease Induced by Curdlan

YUAN Hui-Ping™, CHE Fu-Gang, YANG Ze™
(The Key Laboratory of Geriatrics, Beijing Hospital & Beijing Institute of Geriatrics, Ministry of Health, Beijing Hospital, Beijing 100730, China)

Abastract Chronic granulomatous disease (CGD) is an inherited disorder of the immune system due to mutations
in gp91phox gene which coding for NOX2 protein. Bacterial and fungal infections are most common infections in
CGD patients. B-glucan (curdlan) is the main component of the cell wall of Candida albicans. At present, the
molecular mechanism of dectin-1 in macrophage which involved in immune inflammation induced by curdlan is
not very clear. In order to study the molecular mechanism, we estimated the level of ROS production by luminal
and Ampled Red; estimated levels of IL-18 by ELISA; and estimated NF-«kB signaling pathway by
immunofluorescence assay. Our results showed that curdlan induced ROS production in macrophage in a
dose-dependent way. Dectin-1 deficiency can partially reduce ROS generation and partially block the activation of
NF-kB signaling pathway. NOX2 deficient mice displayed high level of IL-1B after curdlan injection and IL-13
level decreased in NOX2 KO mice when dectin-1 was knocked out. IL-13 level in Dectin-1 KO mice was as same
as in WT mice while significantly different from Dectin-1/NOX2 KO mice. In summary, curdlan can activate
NOX2 to generate ROS through recognition of foreign pathogens by receptor dectin-1 which existed in
macrophage cell surface. Besides that, immune response induced by curdlan activated NF-kB signaling pathway
and increased IL-1pB level through dectin-1. Dectin-1 was involved in this process, but it was not the only pattern

recognition receptor.
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