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[(HE] BE HoOdFRmarRIngnE-1(HO-1) 0y -a 5 E 7851241 (BMSCs ) %K B2tk
Jil 4% (ALL) F9FE A S AT RERL . A3k 4540 2 SD K ERBEHL %t FEZH BETRIZH \ BMSCs-NC 21
1 BMSCs-HO-1 20, #2045 10 K i I s i 9 B8 4% (LPS) #E 57 ALL K AR, BMSCs-NC 4
K U i ke B B % 1B BMSCs, BMSCs-HO-1 2 & FUR # ik i 8 ad # ik HO-1 ) BMSCs, Hi x4
K BRI S A R K o A T % 26 DK BRI 96 7 5% Y ( BAILF) w5 i 240 i 2650 5 SR T Tl G 98 WO o
B (ELISA ) 5 U BALF s g SRAE R F (TNF ) -o, LML A 38 (TL) -6 F IL-1B Ko SRATZRAR
F AL (HE ) Yo (000 it 20 2005 B2 A8 Ak 5 T e K BRI ZH 808/ T E L (W/D)  SER 9O e i R A
Fit§% SN ( gRT-PCR) 45 HO-1 ., 3% 187 1% £ 2 11 C (SP-C) mRNA 3R 35 /K 5 8 11 T H 58 B3l %
(Western blot) #:illl HO-1 ,SP-C \NOD #£ 32 {R ¥4 2 [ 25 A4 Sl AH DG 1 3 (NLRP3) (A T AH B S B
FE 1 (ASC) 1 cleaved-Caspase-1 FE[FRiX Ko GR  SGAT IR LL, BIRIA] K R BALF Ho 41 i i
B AR AR L E A I AL TNF - TL-6 TL-18 7K 7 45537 43 e W/D 35780 7, il 2 41
HO-1 F1 SP-C mRNA 25 [ F 5K - HH 5 B#{I% , NLPR3 | ASC Fil cleaved-Caspase-1 25 [ 33k 7K -1
HHETFE (P <0.05) , SR A, BMSCs-NC 20 K 5l BALF A it s gk . oo 20 i %8 1 0 40 i
B TNF-o [IL-6 IL-1B 7K it 0F 43 & W/ D B8] -2, B2 2 HO-1 1 SP-C mRNA R 3%
FK7KE- 3B S 5, NLPR3 [ ASC I cleaved-Caspase-1 # 13535 K Y B RFE(L (P <0.05), 5
BMSCs-NC 4148 Lt , BMSCs-HO-1 41 K R 45 Wi 45 b 3915 2] — 2L 038 (P <0.05) . &5ig &k
HO-1 ) BMSCs FJ RE3E S 10 i] NLPR3 44 /MATE LB 35K B ALL
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Mesenchymal stem cells overexpressing heme oxygenase-1 ameliorate rat acute lung injury by
inhibiting NOD-like receptor family pyrin domain containing 3 inflammasome activation
Xu Xinting " , Zhang Yao, Chen Lizhan, Zhang Fang. * Department of Respiratory Medicine, Xi’ an
International Medical Center Hospital ,Xi’ an 710100, China

[ Abstract] Objective To explore the effect of bone marrow mesenchymal stem cells ( BMSCs)
overexpressing heme oxygenase-1( HO-1) on acute lung injury( ALI) in rats and its possible mechanism.
Methods Forty SD rats were randomly divided into control group, model group, BMSCs-NC group and
BMSCs-HO-1 group,with 10 rats in each group. Intraperitoneal injection of lipopolysaccharide (LPS) was
used to establish a rat model of ALL The rats in BMSCs-NC group were injected with negative control BMSCs
(BMSCs-NC) through tail vein,rats in BMSCs-HO-1 group were injected with BMSCs overexpressing HO-1
(BMSCs-HO-1) through tail vein,rats in other groups were injected with normal saline through tail vein.
Number of inflammatory cells in alveolar lavage fluid ( BALF) of rats in each group was measured.
Enzyme-linked immunosorbent assay (ELISA) was used to detect tumor necrosis factor( TNF) -, interleukin
(TL)-6 and IL-1B in BALF. Hematoxylin-eosin (HE) staining was used to detect lung histopathological
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changes. Wet/dry weight ratio( W/D) of rat lung tissue was measured. Real-time fluorescence quantitative
polymerase chain reaction( qRT-PCR) was used to detect expression of HO-1 and SP-C mRNA. Western
blotting was used to detect expression of HO-1,SP-C,NOD-like receptor family pyrin domain containing 3
(NLRP3) , apoptosis-related dot-like protein( ASC) and cleaved-Caspase-1 protein. Results ~Compared
with control group, total cells count, neutrophils count, macrophages count, levels of TNF-a, IL-6 and
IL-18 in BALF,lung injury score and W/D in model group were significantly increased, expression levels
of HO-1 and SP-C mRNA and protein in lung tissue were significantly reduced, and expression levels of
NLPR3,ASC and cleaved-Caspase-1 protein were significantly increased (P <0.05). Compared with model
group, total cells count,neutrophils count, macrophages count,levels of TNF-a,IL-6 and IL-18 in BALF,
lung injury score and W/D of rats in BMSCs-NC group were significantly increased, expression levels of
HO-1 and SP-C mRNA and protein in lung tissue were significantly increased, expression levels of
NLPR3,ASC and cleaved-Caspase-1 protein were significantly reduced ( P < 0. 05). Compared with
BMSCs-NC group,all above indicators of BMSCs-HO-1 group were further improved( P <0.05). Conclusion
BMSCs overexpressing HO-1 may ameliorate acute lung injury in rats by inhibiting NLPR3 inflammasome

activation.
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FITC-CD45 ( ab40763 ) |, FITC-CD34 ( ab81289 ) . FITC-
HLA-DR (ab92511) .NLRP3 (ah263899) i 1411y 1 4
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(FBS) ffy DMEM Ri3# 5L B A, LA 1 x 10°4~/ml 1y
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YN b 2% R R TR SRR N E T 37 °C 5% CO, %
FRAETh RS . ANMURE 2 R4 — OB B RS IR 3, T AN
Mu% B iR 5] 80% ~ 90% K, LA 0. 25% Jifi itk i 1 1k 4l
JfL, A 1: 3 L il s 57 o

(2) PR LY kIl BMSCs Jl 8 o b g ik
F AR AE K A9 BMSCs, Lk 3 x 10* A~/ FL A 2 Ji 42 Fl
F 6 fLtkH, 4 T 37 °C 5% CO, 555548 h dk 2 ks
Fro FrAHMIEs EEIRS] 80% ~90% M, W 2 i % 77 e T
Bl AR A A B 8A S 21 KRG, 54 H
FRFREL  WERRERZE v (PBS ) I VE A MU )5 , 4% 2 R H
P 2 A F T [ 4 15 min, PBS VEPEAN ML/ , 0
APERLLYL W, Yot 5 min, PBS 35 PEAN LS , W iEE T
SRELFFAA R, B UTRN PH 4 20 B 22 PR A 21

(3)JH4L O Yeafsiill BMSCs B 43T i B « Huih
THFE A K BMSCs, L 3 x 10° 4N/ L B 25 B 2 A
T 6 fLARH, 4T 37 °C 5% CO, 3G TR h 4k 215 55 .
Fram i Bk 2 80% ~90% B}, 7 2% IH B 5% 3%, U
RS S AR AR S 5 AT 21 K. F R4l
IHBEF 5L, PBS 75 VR4 i, 4% 22 58 H o = 0 45 140 1 [
FEYHMI 15 min, PBS JEVEAI ML S, N AHEL O L A
Peft, 10 min, FH 75% RS S VR AN AR DL 2 PR 2 AR 1 YL
Bl WIEE USSR R Y T RLL B YL, 4l
B aEY,

(4) TR BMSCs SRR FibR 4 10 3=
5 UL T X EOU AR K ) BMSCs, A PBS F1 24l g,
T A FITC-CD44 (1:200) . FITC-CD90 (1:200) .
FITC-CD105(1:200) .FITC-CD45 (1:200) . FITC-CD34
(1:200) . f1 FITC-HLA-DR ( 1: 200) i /&, 3 605 &
30 min, BLOWCEANAE, PBS PRk 4IF ER. L
=40 A I CD44 . CD90 . CD105 ., CD45 . CD34 I
HLA-DR [HP: 40 g L A3

(5) 1895 73 B UL B X E00 A4 K /9 BMSCs, LU
1 x 10° A4~/ FL B9 40 Mo 50 32 Fl T 6 LA, 4 i T
37 C 5% CO, X5 F- kS8 9% 24 b K2 i b #1453
k1 BMSCs 41 (¥ PBS) .BMSCs-NC 41 ( %3 Jin 50 MOI
NC T 411205 2 7% ) F1 BMSCs-HO-1 20 ( %31 50 MOI 33
Fik HO-1 AV « 7+ A EEIE 0L, &
2% FBS .6 wg/ml polybrene ff) DMEM 1% 323 | AR 5 43
HUTINEL IR TR . MR E 5 5% 24 h )5, ¥ 40 i
KR 4% 10% FBS [ DMEM 35 5E 5L, 4 14k
LRiGAE 48 h g TR SR .

(6) R ALL FERU A HE Ny K 45 25 Rb B . 5 BRI, 40
SD KEZEE 12 he ¥ SD KRBl 5> 2y X REAL B A
2H \BMSCs-NC £ 1 BMSCs-HO-1 4, 740 4% 10 H 1
#i2H . BMSCs-NC 41 F1 BMSCs-HO-1 41 K B I8

FEST LPS(5 mg/kg) #iS7. ALL A BUBERS' Xt B A K B
J I TSt A R AR K . B FS BMSCs-NC 20K L
Jik i 5 BMSCs-NC 20 g (1 x 10°4>) , BMSCs-HO-1 4
KBV FkE S BMSCs-HO-1 41 ifg (1 x 10°4>) , % g
2RI RV K B ik S AR R K 48 h [T e

(7)) Jiti 6. 9 6 W ( BALF ) & SE 41 A 1 50R0 58 i A1
TP : 10% 7K & G4 (300 meg/kg) BRI K B, 73
BRRAE AR RA F BRI G 36 AR
IR PBS R ZC i, I Ml BALF, [ iy
BALF ¥ 4 °C 444FF1 500 r/min B.0> 10 min, L F &
Y, >R ELISA 32055 S 1 i W Hh 9 i R F- ( TNF-ar |
IL-6 IL-18) 7K ¥, PBS B 4 L Uit 3, Ik A, b 47
Giemsa Y@, , >R FI 20 i 11550 T+ 04 i 2 gk, b dEk
21 50 I 4 P

(8) IR ARFR L (HE ) H 0,46 I fii 25 25 $H 2 A%
16 :10% 7K 5 A8 (300 mg/ kg ) REESE AL FE R B, HROKR
R ZH 2, 10% f /R S AR 7 2140 24 h H BETORS G
K, ZHIREN AL E TRk Ak HE A
AR A Y. AW R R 2
KA TIARR GG 3 min, [{ KK MPE; 1% EhFRTG
Kok 3 s, FHRKIPPE;0. 6% ZAKGR W, H KK Mk,
PR Yed g e 1 ming B BEVEDRS K, —H RGBT
PR PER IR, 55 E B B W SR, R
it P 4 LIS 0 il 6 R i B T B i v RE K 4
JEE IIEL RS A I B 7 e A7 o 1R AT A 5 R 4
0 73 : O ELEAL 5 1 43 R BER BRAR AL 32 3« vp B B
A3 1 TR B AL 4 s AR R ™ TR ) e B
1w,

(9) K BUI L 208/ T3 b (W/D) I < UK Bl
HA, S UGN T2 2L R0 W 7K 43 FN 5% B8 1 I, R
I IBZHARE (W) . FEfERf4 2 E T 65 C
HEAA P T8 24 h FREBERS AU T (W) 1R
BT ZUR/ THEE(W/D),

(10) S 5 't 7 5t PCR (qRT-PCR) 46 100 4 fig A1
JitiZH 2 i HO-1 A1 SP-C mRNA ik 7K it BMSCs
To 45 L BUIZLZ0, i A Trizol 3551, £ B 20 g A 2i 27
Hh) s RNA, [ 5 4% H8 PrimeScript'™ 1st strand ¢cDNA
Synthesis Kit 368 45 7, & % ¢DNA, % qRT-PCR
SEEGH TR AR . F% 8 2 x SYBR Green qPCR Master
Mix Bl 45 iz, B il qRT-PCR B2 AR 2, S I A e
$7:94 °C 3 min;94 C 155,60 C 205,72 °C 30 5,40 4~
#EFF;72 °C 10 min, 1k GAPDH BN, KA 2 7 24% 4k
THA HO-1 1 SP-C mRNA 3RiKk7KF-, 5255 o fir i 5
Yv a3 1,
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F1 qRT-PCR 9250 AT 5| 907 )

5194 %% FIFHI(5-37)
HO-1 IE[mI5 |4 ATGCCCCAGGATTTGTCAGA
HO-1 JZ 5|4 ACCTGGCCCTTCTGAAAGTT
SP-C IE[M5|#) TTACCACTGCCACCTTCTCC
SP-C JZ [ 5|4 TCAAGACTGGGGATGCTCTC
GAPDH 1E [0 5| ¥ GATGGTGAAGGTCGGTGTG
GAPDH J% [1]B]4 GAGGTCAATGAAGGGGTCG

(11) & H 5 e 5 BN 35 75 ( Western blot ) 46 ]
BMSCs F1k Al 2H 21 HO-1, SP-C, NLRP3 | ASC
cleaved-Caspase-1 & [4 iAKW & BMSCs K #5421
KR ZHZR SR A 1 A M 2L ik A MU AN ZH 2, UK E
B30 min, BLLYER B, >R A BCA 2 H & f
A VR Ko B30 pg B ENABEIR AR
fLHr, 3547 SDS-PAGE BEIE LUK , {44 124 B b i 2
1B B2 i — R L 5 (PVDF) JiE | o PAT I
WEEA 3 he A HO-1(1:1000) ,SP-C(1:1000) .
NLRP3(1:1000),ASC(1:1 000)  cleaved-Caspase-1
(1:1000) F1 GAPDH(1:5 000) #iiA, T 4 °C K56 P %
Hi MAZHL(1:5000) , A THE 1 h,
W ECL # ffb 7 & OB 2= K b, W % 85, i ]
Image J BT HE 4500 2 T o

3. Gl A B W SPSS 21. 0 B kAT GE it o)
Bro TR & x5 IR, 240 LECR AL E R T
FEIIHT, LW LU R T LSD-t K% . DL P <0. 05
hERAGIFE L

# R

1. Kl BMSCs 23 B 5 %58 . JFAL BMSCs 355% 7 d
J&, R UL A O W RE A S B B R 2 R Y
Y . P UE /S 75 BMSCs H i Wl 28 31 K 5 3L
S EE Y o [R5 S BUR 43 L  , 7E BMSCs il
SRR o3 AT B 2L A R o =X 48 A R G I BMSCs
BAUSRTH AR AW B G D0, 45 R R, BMSCs K3k
CD44 .CD90 F1 CD105,{H A3k CD45 .CD34 F1 HLA-DR,
DL BB R R 2N 4y 25453 T BMSCs, A 1 T fe 2k

2.3 4] BMSCs #1 HO-1 mRNA F1%& [ 5 KF 1
. 5 BMSCs 2 A I, BMSCs-NC 4] BMSCs ' HO-1
mRNA FIE [ EIRKF 22 R TLGqH L (P >0.05);
5 BMSCs-NC 44 [t , BMSCs-HO-1 24 BMSCs Ht HO-1
mRNA FI 8 (3R BKE I & (P <0.05) , WLEk2,

3.4 1K BALF H 585 20 i 1155 L A« 55 % B
AR, BRI ZH R B BALF rh 200 iS850 rh M 240 it 2
HE A A B TR (P <0.05) s SRR L,

%2 341 BMSCs & HO-1 mRNA FI%E B 57K F Ho

(x +s,n=10)

213 HO-1 mRNA HO-1 1]
BMSCs 41 1.00 £0.07 0.27 £0.03
BMSCs-NC 24 1.05 +0.08 0.26 £0.03
BMSCs-HO-1 2H 3.92 +0.35* 1.18 £0.09*

1 5 BMSCs-NC 4 [b#¢,*P <0. 05

BMSCs-NC 41 K 5l BALF A4 i S 45 M 4 i 450
L IG5 20 M 5 24 B (R B AR (P < 0. 05) 5 5 BMSCs-NC 4
AHLEG, BMSCs-HO-1 2 K B BALF o 41 fifg Sk v vk
A L E5ORT L I A L 5 T B SRR IG (P < 0..05) o WLER 3,

F3 4 4KK BALF g4 i t4k b i
( x10°/ml,x +5,n =10)

217 2l i S K PR ANEE B Rk
X} HE 2] 3.89 +0.45 1.92 +0.20 0.43 +0.05
PRI 2] 13.37 £1.48° 7.23£0.79°  1.31£0.15°
BMSCs-NC 41 8.92+0.91" 5.44 £0.58"  0.76 +0.06"
BMSCs-HO-1 2 6.31 +0.54° 3.82+0.35°  0.58 £0.05°

T S HRZEL ELAR, P <0.05 5 SRRURIZLHEAE, P P <0.055 5 BMSCs-NC 41
L#:,°P <0.05

4.4 AR BALF H 480 7K P Hh 8 5 %0 BR
ZHAH G, BE Y2 K B BALF 5 TNF-o IL-6 F1 IL-1B 7K
SRR TR (P <0.05) s 5B L, BMSCs-NC 41
KEL BALF tff TNF-o, IL-6 Fll 1L-18 7K - HH i [ A%
(P <0.05) ;5 BMSCs-NC 4 # It , BMSCs-HO-1 24 K
. BALF H1 TNF-o IL-6 il TL-18 7K F B i FAIG (P <
0.05), ¥4,

F4 4 HKRE BALF 48 0E K 17K LA
(pg/ml,x £5,n=10)

251 TNF-a IL-6 IL-1B

X HRAL 274.38 +37.24  186.92 +23.24 37.36 +2.89

AL 523.45 £35.88" 414.36 +47.63° 91.07 £8.32°
BMSCs-NC 4 435.74 +40.21" 332.74 +25.19" 74.68 +6.55"
BMSCs-HO-1 4] 322.58 +28.79° 273.52 £22.44° 48.37 +5.13°

T GXIRALEAR, P <0.05 5 SEIAL AL, P <0.05,; 5 BMSCs-NC 41
H#e, P <0.05

5.4 KR4 2 HO-1 mRNA FIdE Kk 7K
L 5 REATAR b, R 2 K BB 2 21 b HO-1
mRNA FlHE (3R A 7KE I B FEAR (P <0.05) 5 5 1A
ZHAH L, BMSCs-NC 2H K [UifiZH 24 HO-1 mRNA Fi5
B ACE IR T (P <0.05) 5 5 BMSCs-NC £ A
I, BMSCs-HO-1 2 K FUifiZH 21 HO-1 mRNA Fi#E H
TP B (P <0.05), WS,

6.4 4K FRIGZH 2 B2 A8 I 00 S W/D LA
X BEZH R BRI 2 2 TG A Sl S 5 S5 0 BT AR L, BT 2]
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x5 4 HREMLAL S HO-1 mRNA FIZEH
FRAKFE R (% £5,n=10)

2153 HO-1 mRNA %35 HO-1 FEH &K
X B2 1.00 +0.06 1.22+0.13
PR ZH 0.23 +0.02° 0.26 £0.03"
BMSCs-NC 4 0.54 +0.06" 0.62 +0.05"
BMSCs-HO-1 41 1.17 £0.13¢ 1.35+0.15°

T SR AR, P <0. 05 SBTR4T 4L, " P <0.05 ;55 BMSCs-NC 41
#sg, P <0.05
K A 2 B S s 22, My 7 I | 98 i 240 e AR
i L p 40 B 4B P SR B, it 4% F- 4 A WD B S
(P <0.05) ; S5EIRIZLAH b, BMSCs-NC 20 K B 28
ZURHL AR B W] 0 BGE |, I G 7F5r A W/D B i
A (P <0.05) ;5 BMSCs-NC 44 4 k., BMSCs-HO-1
K SRl 4 400 P 22 A A0 A5 21 B S e | I 4 43 17 43 i
W/D W R (P <0.05) , 3K 6,

Rz6 4 Y KFINBGITESA W/D b (x £5,n=10)

2153 ARG (43) W/D
X HRZH 0.33+0.16 4.61+0.18
e 3.67 +0.32° 6.78 £0.35°
BMSCs-NC 2 2.27 +0.38" 5.69 +0.27"

BMSCs-HO-1 24 1.36 £0.25° 5.03 +0.23°
T S REL AR, P <0. 055 554 [, " P <0.05 ;5 BMSCs-NC 4
#g, P <0.05

7.4 AR 2 SP-C mRNA FI 4 Rk 7K
- S HRALAH HE, A AR A1 R R H 21 H AT T 40
e AR &Y SP-C mRNA FEE 1 383K 7K1 B 1
flR(P <0.05) ; SR A Eb , BMSCs-NC 41k FUfiti 41
211 SP-C mRNA FiiE (HF AU R A (P <0.05)
5 BMSCs-NC 21 4 [t , BMSCs-HO-1 4 K Bg fiti 4 41
SP-C mRNA T3 1 3R EAKFUI R T (P <0.05),
W7,

R7 4 KRGS H SP-C mRNA FIEH
FIRIKF L (% £5,n=10)

20531 SP-C mRNA SP-C & [
X R ZH 1.00 +0.05 1.12+0.13
IR 0.34 +0.04" 0.31 +0.03"
BMSCs-NC 4 0.67 +0.05" 0.66 +0.07"
BMSCs-HO-1 2 0.92 +0.08° 0.97 +0.10°

A X R EAR P <0.05; TR HAR " P <0.05; 5 BMSCs-NC 41
g, P <0.05
8. 4 41 K B 41 21 v NLPR3 , ASC FI cleaved-
Caspase-1 I ZIA/KF LUEL: 50 BRATAR HE, B 40 K
SR H NLPR3 \ASC 711 cleaved-Caspase-1 £ F =ik
IR T (P <0.05) 5 5HEIRILIAH L, BMSCs-NC
AU 2R NLPR3 ,ASC Al cleaved-Caspase-1 &
FIAKCF IR FEK (P <0.05) ; 55 BMSCs-NC £ Af]

L, BMSCs-HO-1 4 K K fifi 41 21 # NLPR3, ASC Al
cleaved-Caspase-1 25 [ 315 7K B R (P <0.05)
U3
*x8 4 HKFIFZHZ s NLPR3 ,ASC #l cleaved-Caspase-1
BHEFERKE (2 +5,n=10)

cleaved-Caspase-1

ZH 5 NLPR3 % ASC M &
popilHi:] 0.16 +0.01 0.14 +0.01 0.10 +0.01
HERIZH 0.63+0.07*°  0.68 £0.06* 0.47 +0.05"
BMSCs-NC 4 0.43 £0.05"  0.36 £0.04" 0.22 £0.02"
BMSCs-HO-1 41 0.21 £0.02°  0.23 +0.03° 0.15+0.01°¢

T SR R, * P <0.05; SHRZH FrAs P P <0.05; 5 BMSCs-NC 4
i, P <0.05
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