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(=] a6  WEIEME—F LB T 3(carbon monoxide-releasing molecule 3, CORM-3) X 5 [& A #f 5 1k 40 it
(renal dendritic cells, rDCs) il L BYFE W I BT H AT GE A FE LI, & ¢k 3 EL CS7BL/6] (H-2k") /N BLi 45 1B 0T 20 40 il
W, R FHBEER 4338 CD11c" rDCs, 3 2N M R %5 rDCs 2B, F CORM-3 5 TG i% M i CORM (inactive CO-releasing mol-
ecule, iICORM) &b 34T fif B JIE 43 25 (%) rDCs, SEAT 5 ft RT-PCR #5 TLR4 FE K ik, ELISA A0 rDCs 3537 L 1 TNF-«
FHKT, # TLR4A™ ™ (C3H/He]) Al TLRA™ ™ (C3H/HeN)/NEUE BEF G ML 30 min-+¥& R 47 24 h BIRL, 7294 A7 19 18] 2
CORM-3 kb H 2 J5 43 3% rDCs, 4 RNA, 17920 2 B RT-PCR K2l TNF-o ZER £k, £ & CORM-3 2 F &4 1 4 i
/N R B rDCs A9 TLR4 mRNA 35 (P<<0.05), 5 iCORM 4 ,CORM-3 Bl LPS H#5 #Y rDCs ik TNF-o(P<<
0.01), 4 TLR4 Bt 2 J5, CORM-3 A F M #l DCs F£3i5 TNF-o, £ #  CORM-3 7] & 2 4 il 1 I & s 24 rDCs £ 1%
TLR4 . BT HI 6] LPS A0 38 A e il 453 43 B 58 i A - 19 8 35 (% F TLR4 BB/ B — 0 V8 FH I 2% L 48 7R CORM-3 X N IR 44
BRSNS 09 rDCs WG AL BB HiI/E i TLR4 {55 @ BN,
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Mechanism of exogenous carbon monoxide-releasing molecule 3 in inhibiting activation of renal dendritic cells
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[Abstract] Objective To investigate the inhibitory effect of exogenous carbon monoxide-releasing molecule 3 (CORM-3)
on activation of the renal dendritic cells (rDCs) and the underlining mechanism. Methods Kidneys harvested from C57BL/6]J
mice were made into single cell suspension. CD11c™ rDCs were then sorted by magnetic cell sorting (MACS) and the purity was
assessed by flow cytometry. The rDCs were treated by CORM-3 or inactive CO-releasing molecule (iCORM) together with
lipopolysaccharides (LPS). The expression of TLR4 gene was detected by quantitative real-time PCR. TNF-q protein levels in
the rDCs culture were determined by ELISA. In addition, TLR4 '~ (C3H/HeJ]) or TLR4"™' 7 (C3H/HeN) mice were subjected
to 30 min bilateral kidney ischemia and 24-h cold preservation. The rDCs were then isolated to detect the expression of TNF-«
gene in cells by quantitative real-time PCR. Results CORM-3 significantly inhibited the expression of TLR4 mNRA in
immature rDCs in a dose-dependent manner (P <C 0. 05). Compared with iCORM, CORM-3 significantly suppressed the
expression of TNF-¢ in rDCs after LPS stimulation (P<C0. 01); however, this inhibitory effect of CORM-3 was abrogated in
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TLR4™/~ mice. Conclusion CORM-3 can greatly inhibit TLR4 expression in immature rDCs, and it can also suppress

proinflammatory cytokine expression induced by LPS stimulation or ischemia and cold preservation, but not in TLR4 knockout

mice, suggesting that CORM-3 suppresses rDCs activation through TLR4 pathway.
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i B AT B9 HE 5 BN I 1 RS A ) 2 R R AR
IR (dendritic cells, DCs) i 1% 3 094k F bt JR 42
Yl (antigen-presnting cells, APCs) i S H
BRI AR A R HE R N EER R, EEE
JUE (4 18] BT w8 A7 A5 K & 89 [ 47 DCs (renal DCs,
rDCs) , I 52 IR 25 4 40 3 5 1 — AN B g, ik
rDCs TER A S5 VE A I E R IR DCs 19 32343, B %
Z 5B HE S ROV B A S kL R, R AR X
86 yDCs W% Ak 5 4 A7 7T AE 52 30X 4 B % 48 HE 5
BRI A BB 56T . A ST A I — 4 A
Bk (carbon monoxide, CO) i &b B {35 ] L R AIG HE
S RN KR AR AR B HLE IR B AR, B
AWFERH CO B F 3 (CO-releasing molecule
3,CORM-3) 2t AMJ#E CO R HRT rDCs 1 b ik
R 1 IR 42 VR ] S AL

1 #MRITE

1.1 S=BsHm5EAM  BEE C57BL/6J (H-2K")
TLR4 '~ (C3H/He)) & TLR4™'* (C3H/HeN) /) .,
PERAPR .8 ~10 Jili% AR BT &4 20~25 g, SPF 2. 14
B EW PSR- L SL g S A R |, 34 g8 1
Fr T4 A RS HE R R S B 2= W 55 T SPE sh W s .
ReverTra Ace-o-RNA K #; ik %] & W H Toyobo 24
#],SYBR Premix Ex Taq %652 & PCR X & A
TaKaRa 23 #], TRIzol $2 B W H Invitrogen 2\ &,
CORM-3 Hi#E [E {2 2K 2% Roberto Motterlini £ 4% H14 ,
1.2 A rDCs #9432 R4 C57BL/6] /MR E E
AR, AR, 1~2 mm® J{FiZ A& 1.6 mg/ml
T Y Jie S A 200 pg/ml DNase B DMEM ¥ ',
3TCHEIRYEH 40 min, &L, £ BT . DMEM W&
PE1 W A 200 pg/ml DNase ) DMEM W &
B EIREE 15 min; DMEM WIS 1 % J Tris-
NH,Cl #5527 40 il ; DMEM W 3E U8 1 % A &
10% FBS 1y DMEM # # %, # ¥ 20 min J5 =73
Z 0 BWE W, WL BR 53 3% 5 (magnetic cell sor-
ting, MACS) 43# CD11c” rDCs,

1.3 AX@mRKE T (DCs $9shE Kok 3
rDCs APt/ CD11c-PE $i 4 (78 [ Miltenyi Bio-
tec 2~ dDFRic , F 3 24l i fL (FACSVantage SE 43
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1.4 CORM-3.iCORM & & 4 & (1% CORM-3
K307 T XK il 25 B 10 mmol/ L fEE R, £ FH B
HMBEERRE, ()% CORM-3 & f#1F PBS(pH
7.40) IR IR E 2 d, AT A S 10 min &
BRI R ER A 1 CO, il 5 AR & CO TR M CORM
(inactive CO-releasing molecule, iCORM) & .

1.5 S8 &% RT-PCR # @ TLR4 mRNA &
i WA, TRIzol 42 HLE RNA, JH % 5%
R4 RNA 558 cDNA, 51¥1(% DFFIHH B
WA TAEY TREEARRSARAR SR, PCR R
S, WA M 95°C 30 s5 95°C 5 s, 57°C 30 s,
72°C 45 s;§7H 40 DEIR IER L 72~95°C, LU
GAPDH fE RN 5, X H R W #1788 —1k, BB
BERARRS B ER A 27 TR AL,

%* 1 FLHEE RT-PCR 3|

Tab 1 Quantitative real-time PCR primers

Gene Sequence (5'— 3")

TLR4 Forward: GCC TTT CAG GGA ATT AAG CTC C

Reverse: AGA TCA ACC GAT GGA CGT GTA A

TNF-« Forward: AAG CCT GTA GCC CAC GTC GTA
Reverse: GGC ACC ACT AGT TGG TTG TCT TTG
GAPDH Forward: TGA CCA CAG TCC ATG CCA TC

Reverse: GAC GGA CAC ATT GGG GGT AG

1.6 ELISA #FH#n 34 L& ¥ TNF-o K-F H
CORM-3 5 #& iCORM Tl &b ¥ B fif 5 JF 43 25 1
C57BL/6J (H-2K") /NFl rDCs, F- 45 T LPS Hl ¥
., RIGUWEER I LI, —70°C A%, I TNF-«
1) ELISA 30 &  F i Ay 56 24 W B B w)) 3
A, B 3R 2 W) & Wl

1.7 TLR4 '~ (C3H/HeJ) A TLR4 /" (C3H/
HeN) /s RCB I 8 o+ A 02 A AL AL %) & 248 % 5%
¥ /NERSME S E Z 8 50 mg/kg K 500
U/L JFZ 500 g, BRI S5 8 K R B0 3 75 L 5 IR
BB A AU I Ui g S R O TG A el 1k Bl ik ke e
ZINEREN AL F U 29 =g TSt iz AR AT /AN S
B FE S kO 2L W B T IR 3 B ik A o
W, HHJE 30 min FASHL'E BIE B k. A F 80 Ik
Je, JH 30G HEHHEE Sk 2 R R F2 3k, 59 T T R
Jok e 0, 4°C AR QO E T 2 WU K
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A CORM-3 8% iCORM B UW (University of
Wisconsin solution ) ¥ 1 ml, i T W 5., £ & A
CORM-3 5 iCORM J UW ¥ 4°C A7 24 h, 4%
1.2 W) 403 rDCs, # 1.5 WA & # RT-PCR
ERI TNF-o Rk GIPILE D,

1.8 sitFa® SRHIU s K RH
Prism 5. 0 84T G it 2% or #r. 3 4H DL 8
PR 2 J7 2% 53 BT (one-way ANOVA) , Ff ] Bonfer-
roni’ s correction i W W L 8. W 4 A HE R
Student’s ¢ ¥ % 58y #& Mann-Whitney 4 56 (3 S X
B). K¥KF(a)H 0.05,

2 &5 B

2.1 ikl ey fDCs b B R T L REER I kN
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AR WHIE S R 8 s — a7 95% LA
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Fig 1 Purity identification of renal dentritic cells (rDCs)

2.2 CORM-3 #74#] v & rDCs % TLR4 mRNA #9
&k 45 H CORM-3 #l iCORM 4b ¥ C57BL/6]
(H-2K") /N KRR rDCs, 2 h 5 e 4, il 41
RNA, 390 5E i RT-PCR £l TLR4 mRNA #Y) %
KA, 45 3 B8 5 iCORM AbBRZHAH 1 , CORM-3 &
FIEAR G PE R % TLR4 mRNA Ay ik, Hh 25
pmol/L i CORM-3 F ¥ TLR4 mRNAZK ik 55%
(P<<0.05); 50 pmol/L By CORM-3 i TLR4 mR-
NA ik 86 % (P<<0. 001) ;100 pmol/L i CORM-3
T8 TLR4 mRNA ik 99 % (P<<0.001),

2.3 CORM-3 #7#] rDCs #& LPS #1# )G TNF-q
&k ELISA A IN45 5 (B 2) 8w, 7845 o IR
(medium) 21 M iCORM 41, LPS #l] 8 52 77 o 4 i 1
Hi# G rDCs, 355 TNF-o fRILHM4 27T
it X CORM-3 ANHE AT LLAD ] LPS Hl3% 5
rDCs 1) TNF-o ik, 5 iCORM 4 i 2 %A 41t
2N (P<0.01),

2.4 CORM-3 3 rDCs Zh 4t #9494 55 TLR4 12 5 i
%Ak AW EM TLR4 ' (C3H/He)) X
TLR4 " (C3H/HeN) /)n B £ B E 8k i, + ¥ £ 17
B, 459 (L 3) o, N TLR4 ™ /N BRCD)HUC B
i B JIE 53 25 Y rDCs 7632 8] LPS Hl ¥ Z J5 TNF-«
mRNA £k #7525 1% (medium) 41 1)
(27.45+2. 515 (P<C0. 001), M2t #Bi i 30
min +&PRAF 24 h B9ENE4 5 H A9 «DCs R AR 77
£ TNF-o mRNA 1335, 32 247 ] CORM-3
ALFRAYANHIC (17,1942, 0% vs (5.58+1. 18) %,
P<20.01], W7 TLRA ™'~ /I BB & 11 5 0% B 0 43
B A rDCs X LPS H 3 JF K A AE AT S i, Y
TLR4 BEFA 2 J5 » CORM-3 10 il #4 ke i, + ¥4 45 47 5
T2 FT 3815 19 rDCs TNF-o 26 35 9 1E FI R Fi A7 75
[(8.1042. 02 )fiF vs (6. 28+ 1. 60) 5], #£/=R
CORM-3 Xf WiRPEBCAR A 19 vDCs T 1k 3 & 5y 41
FIMEH R4 h TLRA G5 BB T,
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Fig 2 CORM-3 suppressed expression of TNF-o
in mouse rDCs after LPS stimulation
CORM-3: Carbon monoxide(CO)-releasing molecule 3; iCORM: In-
active CO-releasing molecule; rDCs: Renal dentritic cells. ** P <C

0.01 vs iCORM group; n=4, r=+s,
40
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mRNA expression
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3 CORM-3 # I P9 i1 Bk Y S B
rDCs iFH T2 5 TLR4 5 S @A X
Fig 3 CORM-3 suppressed rDC
activation through TLR4 pathway
CORM-3: Carbon monoxide(CO)-releasing molecule 3; iCORM: In-
active CO-releasing molecule; rDCs: Renal dentritic cells. ** P <C
0.01 vs TLR4"/" in medium group, 44 P<C0.01 vs TLR4™/" in
iCORM group; n=4, =+,
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WIEE CO H I 21 & %A & M (heme oxygenase.,
HO) 3# ot B ML R = Az, Al RIS 5 L/ KR
HHERIE DCs(BMDCs) R 2835 HO-1 ATl LPS A
UG DCs AU ISR 5 PR 43 W, Uk 2 0 1 -
P A DCs A5 19 [7) F S5 K SRz 4 T 48 e 3
FEE | Sikorski 255l Nakao 2851 i AIF 9843 Sl 46 1
P HO-1 (5 3R 35 BT A 5 00 A= 9 2% 3000 3 2258 i
HO-1 43 L0 R 17— W IE CO 28, 7EE
W 4 L 75 5 HO-1 i R IR eI TLRs A% = ¥
5, B AR BT B A0 M PR A e b, EE SE X
FVE &t CO ST WF9E & B, A I8 1 /N 57 it
CO " &4 5 HO-1 AHIF A B R E | B &4k 19 40 i o1
PR . T 4A 2 0 SRR B s ] ) R M L S IR
CO M5 2 BB . CORMs J& T i I 4 )& Pk
FAG G W, 6 TE A B A 1R RLRT B A i Oy KRR i
CO™ AR CORMs [Ru(CO)sCl, J, k7K
VPRI T 28 30 2 U 700 1% 5 R 2 0B AR A B
[Ru(CO);Cl(glycinate) ] (CORM-3) & #r it BF & (1) 7K
75 CORMs, AT AE AR AR R i TR M. B2 B
CO, BFFEEIESE CORM-3 HA 1l ifiL /s b 8 #=H
BT ) S ok Y 7 A R S P X (S

TEASBIEFE o, FAT LA /I BUEF 20 21 B 4% 43 25 40
BB rDCs /E MR X L kil T CORM-3 X} &
B rDCs R TLR KRB, &M CORM-3 &t
BT DL KO M T 9 TLR4 mRNA £k,
X—458 5 CORM-2 # il BMDCs TLR # ik (1 4}
EARFF, BE S FATHE — P kK M CORM-3 4b 3
rDCs B FH M 7 HAE LPS #li )5 TNF-o B £k,
Y F TLR4 30 0T LB 2% B 40040 J5 Rl i A 15 T
PO L FRATEE ST T /N BB I AR I I+ VA PR A Y A
RIKIHL 8 B R R AE Ay B & D0 i it k. IR & B
Zepl X — B 2 S5 43 1 Y rDCs R FE H A 36 1k
TNF-o mRNA % 5%, 275 o] g #A 5 il + ¥ - A7 1 3
e ep BT 7 A A P9 TR M C AR BT TS T rDCs. %
T CORM-3 Xf rDCs W 1EH 5 TLR4 % % X,
TLR4 {5 5 i % X & DCs 1% 4k i 72 o By ¢ 6, 1
CORM-3 X rDCs {E /LB MGIEH 2/ 5 TLR4 17
SAE PR OC R M AN, R, TR A TLRA Bk
Fa/NEL, KRB TLR4 6t fE Z J5 . CORM-3 X} rDCs
TNF-o ZIE AP HIETE K, $&7m CORM-3 X 4 i
PERCRA 21 rDCs 36 Ak B Al /E R 2224
H TLR4 {5 5 # KN 20,

ARHFFE R rDCs B T BEAE MR SMIF 58 v 8 FH A
BMDCs, I H #5717 /Iy BB RE $A e 1 + ¥ R 77 7 A

B R SS I L TR E RN R 5. R
LAY FRATTRE 3 o /) BB R A A i — 28 I
CORM-3 Xt rDCs i At ash 7 i 41 i) 2 75 23 % 2018 1 ik
S SR PR AR . SR R AT CORM-3 7618 fR- A7
WIEAT R H T rDCs 9 TNF-o 3k, X — 45 Rl
Je AR AL B R AR I R A8 TR

4 FBEHR
A A4 75 WA SO J AT 4 0 2 o
(& % X #k]
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