rhAfE HE A BE S 2018 4F 3 45 30 45:%5 3 1 Chin Crit Care Med, March 2018, Vol.30, No.3 209 -

iR -
I LLER A -1/ — AALRRIE T NG A
KB B b Rz A AR A il 5 (4 52

WA R EAE KE KK

300100 RZEAKF &l R F IR, RET & I E KR A
WA A A4, Email : jianboyu99@sina.com

DOI': 10.3760/cma.j.issn.2095-4352.2018.03.004

EZE] B8 Witms 85/ -1/ —F A5k (HO-1/CO ) R R 285 (LPS) i S KL I AL Jidise | pz
A (AEC 1) £RRiiRat & s . Fai%  RAMEFR KR AEC T4NAEFk RLE-6TN, fR At sl & 1 A 5] 85% A
FEAREETE IEREDL Y R 7l (n=5): 25 I R ANAEH BB % s LPS AU 10 mg/L 1 LPS il £ 9 5 Z Moy AEC 1T
R s SNEME— SRR B T -2 (CORM=2, 4&4h CO BRI ) +1L.PS 41 (CL 41) A& s 8k i 21 & (Hemin, HO-1
S A +LPS 41 (HL 41) 433 A 100 umol/L # CORM=2 B 20 umol/L # Hemin FiALHE 1 h, FHIA 10 mg/L
LPS 75 s B2 ARk — IX (ZnPP- IX , HO-1 M350 + LPS 44 (ZL ZH) /il A 10 umol/L B ZnPP— X kb3 0.5 h,
SRIG I 10 mg/L 1Y LPS BE & ; CORM=2+7ZnPP- IX +LPS 41 (CZL #H) 1 Hemin+ZnPP- IX +LPS 21 (HZL 41)
S4B 100 pmol/L (% CORM=2 5§, 20 pmol/L () Hemin AL 1 h, HoA4b3R[A] ZL 20, LPS W& 24 h J7,
SR R G 2 M B 56 CELISA) I 2 40 e 35 b LA i A & -6 (1IL-6) AR IRZEIR F — o (TNF-a ) ()
Frhe s AR B S BTN IS (Western Blot) Wl5E HO-1, SR ARSI 1 AR 1 2 (Mfnl . Mfn2) DL S 00 #t
ZFE4E M 1(OPAD) IIEAFRIE. ER 55 AT BYL e, & A B ANIE_L3E R P 1L-6 F1 TNF- o 51
Tl , HO-1 25 (13835 8, ZoRiR Rl & AH G 1 Minl . Min2 #1 OPA1 B 1355 T M, 5 LPS 41 Ib#e, 447
CORM=-2 5 Hemin TALERSS , 1L-6, TNF- o 7B BFRAE (1L-6 (ng/L) : 48.6+3.7, 48.4+3.1 1 58.7£2.5,
TNF-a (ng/L) : 40.7+5.3,39.4+4.3 [t 51.84+5.1 ), HO-1, Mfnl, Mfn2, OPA1 £ H 5 B _FiH (HO-1 2
[1:0.873+0.051,0.839+0.061 Lt 0.671+0.044, Minl [T : 0.673 +0.037. 0.654 +0.025 L 0.568 +0.021, Mfn2
11 :0.676+0.044 . 0.683+0.035 1. 0.571 +0.043, OPA1 & 11 : 0.648 +0.031. 0.632+0.031 ¥ 0.554+0.032,
¥ P<0.05) ; 45T ZnPP- IXFUL LS, [L-6, TNF-« Fi 2 HO-1, Mfnl, Mfn2, OPA1 5 FH IR AL a3
£ CORM-2 &% Hemin TAMHLAAHZ , 5 LPS 21 1325 R 4 Geit2# 58 L (IL-6 (ng/L) : 69.8 +5.1 [t 58.7+2.5,
TNF-a (ng/L): 61.9+3.3 [£ 51.84+5.1, HO-1 1 : 0.545+0.023 [t 0.671 +0.044, Mfn1 21 : 0.406+0.051 Lt
0.568 +0.021, Mfn2 2 [ : 0.393+0.051 L. 0.571 +0.043,0PA1 2 [4:0.372 +0.050 [t 0.554+0.032, 3] P<0.05 ),
CL 415 HL 41[7], LPS 41, CZL 415 HZL 40[0) ket b B = SRS E L. 8418 HO-1/CO H T
LIH LPS IESI R AEC T A0 bR & B (19635 AR LR ARG, AT ISR AT 58 E SR o

[REiR] MLTRAAN -1; —F8fbik; Lbikms; M g, TR

BEEL£WE : MK A REFH 4 (81372096) ; KT DA A Z R 401 H (2014KZ048) 5 KHE “1317 A5
A A BAEES: (2016-1-22)

Effects of heme oxygenase—1/carbon monoxide pathway on the mitochondrial fusion in rat alveolar epithelial
type |l cells stimulated by lipopolysaccharide Jia Haojuan, Shi Jia, Dong Shu'an, Zhang Yuan, Yu Jianbo
Department of Anesthesiology, Tianjin Nankai Hospital, Nankai Clinical College of Tianjin Medical University, Tianjin
300100, China
Corresponding author: Yu Jianbo, Email: jianboyu99@sina.com

[Abstract] Objective To investigate the effects of heme oxygenase—1/carbon monoxide (HO-1/CO)
pathway on mitochondrial fusion in rat alveolar epithelial type I cells (AEC I ) stimulated by lipopolysaccharide
(LPS). Methods Once the cultured in vitro rat AEC I cells line RLE-6TN reached confluency of 85%, they were
subcultured and randomly divided into seven groups (n = 5 each). RLE-6TN cells were routinely cultured in control
group. The cells in LPS group was stimulated with 10 mg/L. LPS to reproduce the model of endotoxin challenge in
AEC I cells. The cells in carbon monoxide-releasing molecule—2 (CORM=-2, in vitro CO release agent) + LPS group
(CL group) and Hemin (HO-1 inducer) + LPS group (HL group) were pretreated with 100 umol/L. CORM-2 or 20 pmol/L
Hemin for 1 hour, respectively, followed by 10 mg/L LPS stimulation. The cells in zinc protoporphyrin— IX (ZnPP- IX ,
HO-1 inhibitor) + LPS group (ZL group) was pretreated with 10 umol/L. ZnPP- IX for 0.5 hour followed by 10 mg/L
LPS stimulation. The cells in CORM=2 + ZnPP- IX + LPS group (CZL group) and Hemin + ZnPP- IX + LPS group
(HZL group) were pretreated with 100 pmol/l. CORM=-2 or 20 umol/L. Hemin respectively for 1 hour, and other
treatments were similar to those previously described in ZL group. At 24 hours after LPS stimulation, interleukin—6 (IL-6)
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and tumor necrosis factor— o (TNF- o) in the supernatant were determined by enzyme linked immunosorbent assay
(ELISA), the protein expressions of HO-1, mitochondrial fusion related proteins 1 and 2 (Mfn1, Mfn2) and optic atrophy 1
(OPA1) were determined by Western Blot. Results Compared with control group, IL-6 and TNF-a contents in the
supernatant were increased, HO-1 protein expression was up-regulated, Minl, Mfn2 and OPA1 protein expressions
were down-regulated in all treatment groups. Compared with LPS group, IL.—6 and TNF- o contents were significantly
decreased after CORM-2 or Hemin pretreatment [IL—6 (ng/L): 48.6+3.7, 48.4+3.1 vs. 58.7+£2.5; TNF-a (ng/L):
40.7+53, 39.4+43 vs. 51.8+5.1], the protein expressions of HO-1, Mfnl, Mfn2 and OPA1 were significantly
up-regulated (HO-1 protein: 0.873 £0.051, 0.839 £0.061 vs. 0.671 = 0.044; Mfn1 protein: 0.673 +£0.037, 0.654 +0.025
vs. 0.568 £0.021; Mfn2 protein: 0.676 £0.044, 0.683 £0.035 vs. 0.57140.043; OPA1 protein: 0.648 £0.031,
0.6324+0.031 vs. 0.554 £0.032; all P < 0.05); while opposite effects were found after ZnPP- IX preincubation, and
there were significant differences in IL—6 and TNF-a contents and protein expressions of HO-1, Mfnl, Mfn2 and
OPA1 as compared with those of LPS group [IL-6 (ng/L): 69.8 +5.1 vs. 58.74+2.5, TNF-a (ng/L): 61.9+3.3 vs.
51.8+5.1, HO-1 protein: 0.545+0.023 vs. 0.671 +0.044, Mfn1 protein: 0.406 +0.051 vs. 0.568 +0.021, Mfn2 protein:
0.393 £0.051 vs. 0.571 £0.043, OPA1 protein: 0.372 £0.050 vs. 0.554 £0.032; all P < 0.05]. There were no significant
differences in the parameters mentioned above between HL group and CL group, as well as among LPS, CZL and HZL

groups. Conclusion HO-1/CO pathway promotes mitochondrial fusion and alleviates inflammatory response in

LPS—induced rat AEC I cells.
[Key words] Heme oxygenase —1; Carbon monoxide;

Mitochondrial fusion;  Alveolar epithelial type 1l cell

Fund program: National Natural Science Foundation of China (81372096); Bureau—level Project of Tianjin Municipal
Health and Family Planning Committee (2014KZ048); Tianjin "131" Funded Projects of Innovative Talent Team (2016-1-22)

i B AE F H 2R K B AR R R i, R R
PENTA5 45 CALL) 19 2 95 HIL A 1 A B B, R fili L= f2
YA (AEC) 5475 K2 B 4045 P9 7 440 it 30 o5 2 184
SR ER AR P E A IR TR -
KA (AEC 11) A 34585 BGH AEC 11200, 204k ok
AEC T 20, A B3 D06 i 760 2 1T 3 14 42 o 4 g
fE, 76 ALL P BAEEAMEH Y, SopiiAmn & i
BIEFLRAR M ZARL BRI E 3 L &
AAEE -1 (HO-1) A hr s Jra b i . bran i
TR AR W A AT ST %
W1, BR 205 (LPS) /5 K RN B AR 5w ALL B, 2k
PRT A A, ML v R A . HO-1 J2: If 21 %
AR I PR it , T A I 2T 2K 7 A S BE R R R /IR
21 % BB (—F L) co VY. HET HO-1/CO
W EERT LPS 755 K Bl AEC 1T 20 i 26 A4l 45 19 5%
M) 5 A AR, A 2 DU X2 ) R A TR ) o
1 #R5FE
1.1 FELE R A KR AEC 1T 40 ik
RLE-6TN (3£ [E ATCC /A W) ; iy 4F il ¥ (FBS) Al
DMEM #5555 (25 Gibeo A1), H 5 MG X
(PR LAY AR, AR (1 . LPS  R4h CO Rk
MR — F AR B i 53 F -2 (CORM-2), HO-1
55570 G R ML £0 & (Hemin ), HO-1 35 14 310 1 571)
BEJFEIR IR — IX (ZnPP- IX) K et KRRk 1A il &
FEH 1AM 2(Minl, M2), A2 ZE 45 HE A 1
(OPA1), HO-1 Brg BEHTIAR (BT, 52 Sigma A F]),
B - ALah&E H ( B —actin)—PL(SE[E Santa Cruz 23] ),
=EYTR —dt (B 22 A R R AR

A 2R —6(1L-6) FIMIE IR F - o (TNF- o )
& (B at R A R F]), BCA HE & &
R & (£ E Thermo A W], BRI LM (PVDF) i
(ZEE Millipore A H] ),

1.2 i35 . KELAEC 1T 40iifk RLE-6TN K555
TEA 10% FBS. 1% TFHHERFLHT DMEM 3555, #
T 37 °C. 5% CO, WANE A A LIE F-A4F T, B 24 h
T 1R IR W, 1 A Rl A R A B 85% B,
0.25% IREHHAAE

1.3 SEEG2H RN ER R LA 2 X 107/mlL % 4%
196 fLAR, IFBEHL 78 7 H (n=5) : 25 X IR
ZH . LPS 4. CORM-2+LPS #1 (CL 41 ). Hemin+LPS
20 (HL #1). ZnPP-IX+LPS 41 (ZL #1). CORM-2+
ZnPP-IX+LPS 21 (CZL 41) #l Hemin+ZnPP-IX +LPS
21 (HZL 41). 25 O REZH A B w5 A% 3% 5 LPS 40n
A 10 mg/L 11 LPS il £ P 8 2 Wiy AEC T A AL
CL 201 HL 24351 A 100 pmol/L ) CORM=-2 1%
20 umol/L ) Hemin FiAL#E 1 h, Fi il A 10 mg/L LPS
WEE 5 ZL AN 10 pmol/L #Y ZnPP- IX FiAb#E 0.5 h,
FHITA 10 mg/L 1% LPS W% 5 5 CZL 41 F1 HZL 41545y
HIA 100 umol/L, CORM=2 5% 20 umol/L Hemin FiAb
P h, PR ZL 4. B4 T LPS I E 24 he
1.4 Kaillads SoOr ik

1.4.1  JFIBE A 9% W B 36 (ELISA) Il 5E TNF- o
1L-6 & « FJC P A WA A i SR EIE W, 250
20 min B VG, WPRAF b A8 T oA DLTETE B -k
B, T -80 CORAFFF o R ELISA 3 56 45 )
TNF- o | IL-6 7, A 4i M) S id I 1t .



rhAfE HE A BE S 2018 4F 3 45 30 45:%5 3 1 Chin Crit Care Med, March 2018, Vol.30, No.3

e 211 -

1.4.2 & H i Bl 56 (Western Bolt) 6 il 25
FERIA  WCAR AN M, 55 K5 R T, B IR 46 2% vh ik
(PBS) ¥t 3 ¥k, RIPA ik 24 40w, >R FH BCA 4
FE AR & T A P E . S0 pg SRR,
T s min 2 AR M, DL 129% B AT+
Jot SE A R B — 2R TR s 19 20568 Jise L Uk (SDS-PAGE),
Wil J55 % #% 22 PVDF i L, 5% NG W5 83 35414 2 h,
A3 S0 A K BEEE N 121000 A9 HO-1, Mfnl . Mfn2
A OPAL bt K BB HTAT B —actin —HT, #4712 h,
4 CTFE IR, &R 20 AUBEBRE: 2% vhik (TBST)
VERR 3 WK, B S min, MIAFERERE 1: 3000 B 1L
oo P, FIRFEIRZLAE 1.5 h; TBST {0k 3 ¥, 4
PS5 min, TSR A A B IE RN . W Tmage J #X
P AT A5 I BEAE, LA B R 5 NS UK EE(E L
EAEA HE A RIA

1.5 Siit#abss . 3 SPSS 19.0 Siit-ak #1145k
PEAT . S RS AT IE S A S, AP A IERS
SRR AR + AiE2E (R +s) FoR, 41IA]
LU AR T B R 28 5 22 430, W T L 22 55 B SR
Bonferroni £ 55, 75 2% /N 55 B | >R A Tamhane T2 5
5. P<0.05 NESAGIFE L.

2 & R

2.1 A UMM LW 1L-6, TNF-a )& & L
BRI 525X Byl i, 45 A B 40 i b
W IL-6, TNF- o 7338 & T 5 (33 P<0.05).
5 LPS 4H H %8, 45T CORM=2 B, Hemin i 40 3 j5
IL-6, TNF- o &m0 B RFEAL, 45T ZnPP- IX Tl
AbFRJE 1L-6 . TNF- o 5 i —25 T+ ($ P<0.05).
CL 415 HL 48], LPS 4, CZL 415 HZL 48] 1L-6
FTNF- o S22 G2 L (¥ P>0.05),

F1 BHEKXR | BAhiE LKA EiER P

IL-6 1 TNF-a &=t (x £5)

2151 FEAKL(FL)  IL-6(ng/L) TNF-« (ng/L.)

25 T IR 5 404+43 132420
LPS 4 5 58.7+2.5° 51.8+5.1°
CL 41 5 486+3.7% 40.7+53%
HL 41 5 484+3.1% 39.4+43%
ZL 4 5 69.8+5.1% 61.9+33%
CZL 4 5 59.8+4.2° 50.7+3.6°
HZL 41 5 60.8+2.9° 498+52°

T LPS 41N g ZHE4L, CL 41 MR E— S AR B4 1 -2
(CORM-2) +LPS #H , HL 41 55 BRI 12 (Hemin) +LPS £, ZL 4
SHEEBINEE ~IX (ZnPP-IX ) +LPS #H, CZL #H & CORM-2+ZnPP-IX +
LPS 41, HZL 40y Hemin+ZnPP-IX+LPS 41 ; IL-6 M40 -6,
TNF- o HRREIRIEH T - o 5 5425 X IRAL LLER, *P<0.05 5 5 LPS
HILE, PP<0.05

22 KM HO-1., Mfnl . Mfn2 . OPA1 FY8E (43
B (E 1~2) : 525 A0 A T, & b3
YA HO-1 8 H Rk B, 2o R mh A Al 56 25
FH Mfnl, Mfn2, OPA1 33k B 8 F 3 (3 P<0.05),
5 LPS ZH H# , 45T CORM=2 8%, Hemin Fil4h 5 41
i HO-1., Mfnl, Mfn2, OPA1 & (#3540 5 1M,
M 25T ZnPP— IX Tl b B 5 4% 25 1 R ¥ I 2 14
(¥ P<0.05), CLZH5 HL @A, LPS 4. CZL 415
HZL #1[f] HO-1, Mfnl, Mfn2. OPA1 %5 [ ik 4
ZER G L (¥ P>0.05),

73

= o
*PHEZ) LPS4L CL4l HL4l ZL4l CZL# HZL4L

HO-1

Minl

Mifn2

OPALl

B —actin

LPS H WG HE4H , CL 20 N AN E— Sk it
3 F -2(CORM-2) +LPS 41, HL 41 A S ki 2r %
(Hemin) +LPS 41, ZL 4 AR — IX (ZnPP- IX) +
LPS 41, CZL 240 CORM=2+ZnPP- IX +LPS 41, HZL 41}y
Hemin+ZnPP- IX +LPS #[ ; HO-1 Il £L 5 & 50 -1,
Mfnl ., Mfn2 AZRARRLA A | AR 2, OPAL ML
FEHEM 1, B -actin N B - IEIEH

Bl 1 R AEERES (Western Blot) Kl 4%-41 K il
1T A9f3 | S 403 HO-1, Min1, Mfn2 . OPA1 EH Ik

3 W it

JHeFEAE 1T 5 | RS ATLAAR A B g 2k o, i — 25 3
Z v H IRERERG . AR, MK 1L-6. 1L-8 /K-
e MEREAE SEE Kk AR I T BE R A A A ST FE RS R R
T 5 1M S FE B 5 5 R TS SR A RO
JHFEAE ALL 2GR -5 WA E R Z — R ik
35.1% ~ 46.1% , 00 T HOTEEER" . A5
S HESCHR [ 8 4GB M IE 45 B TSEge 45 L, R
JH 10 mg/L 1Y LPS il £ N7 R Bl RELAEC TR,
FFF LPSHFH 24 h 5Kzl F8 bR o LPS J& 855 = B (GY)
PRI AR A3, 2 R MR I s Y E 22 I, ]
FRERRIEN THRIK T IL-6 Al TNF- o« K
RE S WAL RS, AT TR Bh s Wi e s
o, TL-6 AT S I A 20 i R 5 77 A AR 0 SR 0 I
PR A, FECA A U R P B Rk
() TNF- o 5HAZIREE G Al R EURBHASZ B, 14
B AEC T, 514 hE i ", AWk, 4
F LPS Ab 3 5 K BLAEC 1T 20 ff b 3% W b IL-6 #01
TNF- o 8 Th e, 3878 RNE R N, RN R
Tt KRB AEC RIS sy . AR R, LPS



° 212 -

rhAe s G fBE S 2018 4F 3 J1 45 30 4545 3 # Chin Crit Care Med, March 2018, Vol.30, No.3

1.00 - 0.873% 4 839+

0.051 0.061 2P

0.6704
0.042% 0.635%

0.032°

0.80 |

0.60 [-0.455+
0.024

0.40

HO-1EA K (KJEN)

0.20

%5 LPS#l CL# HL#H ZL4H  CZL#A HZLA
poRIsEAEN
4151
0.946+
0.062

1.10
1.00 -
0.90
0.80 |
0.70

0.60 0.393+
0.50 0.051 2P
0.40
0.30
0.20
0.10

0.676% 0.683%
L 0.044% 0,035

MI2E &K (R BETE)

Z%q LPS#H  CL#A HL#A  ZL#A CZLA HZLA
XHIREH

50

0.902+
1.00 ~0.050

MnlEEZE (K

251 LPS#l CL#l HLA ZL4l CZLAL HZL4L
IR
ek
0.896+
1.00 74 025
a 0.80 - 0.648 L 0.632*}
~ 3] € ab
N 0.554 10031 0.541% 0.535+
K 0.60 .032° L0407 0.042°
X
®
4 0.40
]
=
& 0.2

72 LPS#H  CL4  HL#  ZL#  CZL4 HZLA
Xt HEZH

451

1 . LPS 4R 22854 , CL 4 Ry SN — AR B> T -2 (CORM—-2) +LPS 4H , HL #H 58 75 8k 14T % (Hemin) +LPS 44,
ZL 40K EE Rk — TX (ZnPP- IX) +LPS 41, CZL 4% CORM=-2+ZnPP- IX +LPS 41, HZL 414 Hemin+ZnPP- IX +LPS 41 ;
HO-1 MIMLLFE ARG -1, Mfnl , Mfn2 ZRRAGLAE T | RIZEA 2, OPAL AN ZEAE M 1;

Hos XA S, 2P<0.05 5 5 LPS 4114z, PP<0.05

B2 B A R 400 HO-1, Mfnl . Mfn2 . OPA1 25 133511 LA

S AA I NI i g 20 AR AS49 , R i 241 i e 285 43+
T —1(ICAM=1) H1 TNF- o %5 20 Mo [H 7Bl 6 %2,
F USRS R

UTAE SR, bR Ty B8 e i 7 e s E Hh I VE FH 2
W T LRI AT AT M A A Lk A AR
HiER: MHERVE AR T S, WA RO 5
Rtk IhAE . SRR SN EA T EA
A3 A T HANER) Min1/2 R OPAT, ZAiiA Rl
GEESN3L: O B2 MHBLARARN HR2
(5 Mfn1/2 FHL 5> F 4549 2 — ) A0 BAE FHIE Al R U5
THRAA (Mfn1-Mfnl B Mfn2-Mfn2 ) 55 5 A 24 00 S 5
TR (Min1-Mf2) ; @ H 2 LRI RS g
SR MRS 5 B 5 =4 OPAL A S8 hifk
PUBEARERA ) BRI, S B R Min 5
Mfn2 35 PRI B8 25l P b (ARl 6 %6 5 AR OPATL 3k
DR AT FELb A R BEAL , R R ThEe S A
W98 B, Sobr (ARl & D BE At n] 5B b (AT
S=RER YNGR ol N NS AN SR VA (NS RN
RS NS R AR T 202 ARBFseal Rk
B, 257 LPS Ab# 5 KB AEC T 20 A Mfnl , Mfn2

OPA1 FE 5 F I, 3R LPS iR KR AEC 1141
15, LR AR A L

Hemin 1 ZnPP J& % A9 HO-1 175 5: 570 A P
M. CORM=2 J&— Rl Bk b cO B,
Vit In TS BRI O, Je—Fh e & BANETE CO 45
F 7 P HO-1 3% SR s ik Sh cO BT 7= A
) CO 5 HO-1 A7 FHALA A BT BE, WP 48 . Tsoyi
il g 2 L R | Hemin A1 CORM=2 A F ¥ fife
FERE/ UG TNF- o A IL-1B KV, FHBeRg g2
9T R, HO-1 @k n] g/ b R M IR R, Dl
B JRE LR o A o N RIS R TE B s L
ZELA (CLP) ZHe s e il 151 45 /N B AL o, Hemin
TARBEATIE I HO-1 R385, BEARIME 1L-6 . C— N
I (CRP) FE TR EHE 1 B (HMGBL) /K-F-,
P& 1 MR B RE I E 005/ N BRI A7 3

AFFELER R, LPS B AR AEC 1T 40
i HO-1 2B A Rk %, SRTHI BT 45 5 — 20
ARWFFE RS ISR [ 4, 8 JHGE A5 2%, 45 A R
LI 45 3 3% T CORM=2., Hemin ., ZnPP- IX [
FTEFIE ] . 259, 457 KB AEC 11 41 H



rhAfE HE A BE S 2018 4F 3 45 30 45:%5 3 1 Chin Crit Care Med, March 2018, Vol.30, No.3

° 213 -

Hemin 2 CORM-2 i &b 3 J5 7] i § HO-1 & 4 &
KRBT, TL-6, TNF- o & i R, ok AR ml A 41 26
H [ Minl, Mfn2, OPA1 Rk £ ; HSIHAR, 47
ZnPP- IX i 4b B 5 HO-1 25 19 26 ik 9 BT, 116,
TNF- o Fritdii 2, RARLGAHSCE T Minl L Mfn2 |
OPA1 F3kU8/0 . $278 HO-1/CO sl & nl i LPS i
T AEC 1T AHAEZRiAR R A A OCH F Minl . Mfn2
OPA1 ik, IR LR AL G, e AEC 1T 41
RIE LI o

Zi Tk, HO-1/CO i §% n] LAAE o 28 k7 4 ml

08 AEC T 40 9 AE S R, (H B ARBLENT A Fr

— %

1]

[5

[

(7]

[10]

BT
Sk

Bardales RH, Xie SS, Schaefer RF, et al. Apoptosis is a major
pathway responsible for the resolution of type Il pneumocytes in
acute lung injury [J]. Am J Pathol, 1996, 149 (3): 845-852.

Youle RJ, van der Bliek AM. Mitochondrial fission, fusion,
and stress [J]. Science, 2012, 337 (6098): 1062-1065. DOI:
10.1126/science.1219855.

VTt 2 A g S . P 2 A 1 K BTG
/PR TEAR G AP D). A i SR ey, 2017, 29 (3):
233-238. DOI: 10.3760/cma.].issn.2095-4352.2017.03.008.

Lan S, Li JT, Liu Y. Study on the role of autophagy in heme
oxygenase | preventing hepatic ischemia/reperfusion injury in
rats [J]. Chin Crit Care Med, 2017, 29 (3): 233-238. DOI: 10.3760/
cma.j.issn.2095-4352.2017.03.008.

Yu J, Wang Y, Li Z, et al. Effect of Heme Oxygenase—1 on
Mitofusin—1 protein in LPS—induced ALI/ARDS in rats [J]. Sci Rep,
2016, 6: 36530. DOI: 10.1038/srep36530.

TR RO, PIvEE . JIELTE P AR LI 3 I 21 3R AU -1 7K
SFRAGHIN B FL RS SC [J/CD). S BRI L A4k, 2017,
5(1): 15-17. DOL: 10.3969/j.issn.2095-5332.2017.01.006.

Cao SQ, Zheng H, Sun C. The level of serum hemeoxygenase—1
in biliary atresia and its clinical significance [J/CD]. Prac J Organ
Transplant (Electronic Version), 2017, 5 (1): 15-17. DOI: 10.3969/
j.1ssn.2095-5332.2017.01.006.

W03, BB WL GF L IRERAETIUS SN R R 40T e TS
MBS (1], hE P B 25 G 2Rk | 2015, 22 (2): 118-123.
DOI: 10.3969/}.issn.1008-9691.2015.02.003.

Zeng WM, Mao P, Huang YB, et al. Analyses of factors affecting
prognosis of patients with sepsis and evaluation of their predicting
values [J]. Chin ] TCM WM Crit Care, 2015, 22 (2): 118-123. DOI:
10.3969/j.issn.1008-9691.2015.02.003.

Rubenfeld GD, Caldwell E, Peabody E, et al. Incidence and
outcomes of acute lung injury [J]. N Engl J Med, 2005, 353 (16):
1685-1693. DOL: 10.1056/NEJMo0a050333.

Shi J, Yu JB, Liu W, et al. Carbon monoxide alleviates
lipopolysaccharide—induced oxidative stress injury through
suppressing the expression of Fisl in NR8383 cells [J]. Exp Cell
Res, 2016, 349 (1): 162-167. DOI: 10.1016/j.yexcr.2016.10.009.
BOH 20, Tk 52 . 5 Rl T X AR 28R 0 K U 4
Toll FEZZ 4K 4 15 510§ FIAMYFZI [J]. hAE Q2 B 4K .
2012, 21 (11): 1226-1229. DOI: 10.3760/cma.j.issn.1671-0282.
2012.11.010.

Huang RH, Wang XY. Effects of ulinastatin on Toll-like receptor 4
signaling pathway in lung tissue of rats after lipopolysaccharide
insult [J]. Chin J Emerg Med, 2012, 21 (11): 1226-1229. DOI:
10.3760/cma.}.issn.1671-0282.2012.11.010.

XUE L IRIBUR, R R 2, S5 IR W S b i A0 e A
5 BARGHL [J]. ARSI | 2011, 34 (5): 367-370.
DOI: 10.3760/cma.j.issn.1001-0939.2011.05.015.

Liu RJ, Xu SF, Chen LA, et al. A study on the inflammatory
responses of alveolar epithelial cells induced by lipopolysaccharide
and the underlying mechanisms [J]. Chin J Tuberc Respir Dis,

[20

[

[21

[

2011, 34 (5):
2011.05.015.
RN AL IRERSE, S . PCT 7E AR B R MR 12 W
HrEIR R AL O [J]. SRS BRITZ%GE | 2016, 8 (2): 94-96,
99. DOI: 10.3969/j.issn.1674-7151.2016.02.009.

Li CR, Yang JH, Zhang RP, et al. Clinical application value of
PCT in patients with sepsis in different pathological processes [J].
Chin J Clin Pathol, 2016, 8 (2): 94-96, 99. DOI: 10.3969/j.issn.
1674-7151.2016.02.009.

Lappin E, Ferguson AJ. Gram—positive toxic shock syndromes [J].
Lancet Infect Dis, 2009, 9 (5): 281-290. DOI: 10.1016/S1473—
3099(09)70066-0.

Fang Y, Xu P, Gu C, et al. Ulinastatin improves pulmonary
function in severe burn—induced acute lung injury by attenuating
inflammatory response [J]. J Trauma, 2011, 71 (5): 1297-1304.
DOI: 10.1097/TA.0b013e3182127d48.

Yubero S, Manso MA, Ramudo L, et al. Dexamethasone down-—

367-370. DOIL: 10.3760/cma.j.issn.1001-0939.

regulates the inflammatory mediators but fails to reduce the tissue
injury in the lung of acute pancreatitis rat models [J]. Pulm Pharmacol
Ther, 2012, 25 (4): 319-324. DOI: 10.1016/j.pupt.2012.05.009.
BV AR WMREERE IR AR DD RE I [7]. th AR T 2
=2, 2013, 25 (4): 254-256. DOI: 10.3760/cma.j.issn.2095-4352.
2013.04.022.
Gong P, Li CS. Sepsis and mitochondrial dysfunction [J]. Chin
Crit Care Med, 2013, 25 (4): 254-256. DOI: 10.3760/cma.j.issn.
2095-4352.2013.04.022.
Koshiba T, Detmer SA, Kaiser JT, et al. Structural basis of
mitochondrial tethering by mitofusin complexes [J]. Science, 2004,
305 (5685): 858-862. DOI: 10.1126/science.1099793.
Song Z, Ghochani M, McCaffery JM, et al. Mitofusins and OPA1
mediate sequential steps in mitochondrial membrane fusion [J].
Mol Biol Cell, 2009, 20 (15): 3525-3532. DOL: 10.1091/mbec.
E09-03-0252.
Meeusen S, DeVay R, Block J, et al. Mitochondrial inner—-membrane
fusion and crista maintenance requires the dynamin—related GTPase
Mgml [J]. Cell, 2006, 127 (2): 383-395. DOI: 10.1016/j.cell.
2006.09.021.
Benard G, Karbowski M. Mitochondrial fusion and division:
Regulation and role in cell viability [J]. Semin Cell Dev Biol, 2009,
20 (3): 365-374.
Karbowski M, Youle RJ. Dynamics of mitochondrial morphology
in healthy cells and during apoptosis [J]. Cell Death Differ, 2003,
10 (8): 870-880. DOI: 10.1038/sj.cdd.4401260.
Hwang SJ, Kim W. Mitochondrial dynamics in the heart as a novel
therapeutic target for cardioprotection [J]. Chonnam Med J, 2013,
49 (3): 101-107. DOI: 10.4068/cm;j.2013.49.3.101.
Chien PT, Lin CC, Hsiao LD, et al. Induction of HO-1 by carbon
monoxide releasing molecule-2 attenuates thrombin—induced COX-2
expression and hypertrophy in primary human cardiomyocytes [J].
Toxicol Appl Pharmacol, 2015, 289 (2): 349-359. DOI: 10.1016/
j-taap.2015.09.009.
Tsoyi K, Lee TY, Lee YS, et al. Heme—oxygenase—1 induction and
carbon monoxide—releasing molecule inhibit lipopolysaccharide
(LPS)—induced high—-mobility group box 1 release in wvitro and
improve survival of mice in LPS— and cecal ligation and puncture—
induced sepsis model in wvivo [J]. Mol Pharmacol, 2009, 76 (1):
173-182. DOI: 10.1124/mol.109.055137.
TGRS BRRS WIS, A AT R R R AE I 45 0/ B
I 285 B AL 2 M0 A — 1 B EZ A (D). P AR S T A R
2#, 2016, 28 (5): 423-426. DOL: 10.3760/cma.j.issn.2095-4352.
2016.05.009.
Yin XH, Chen S, Hu ZW, et al. Effect of unfractionated heparin on
the expression of heme oxygenase—1 in intestinal mucosa of mice
with sepsis [J]. Chin Crit Care Med, 2016, 28 (5): 423-426. DOI:
10.3760/cma.].issn.2095-4352.2016.05.009.
i A BeE R XA W L SR 2T 3RO R -1 T e R
/N BSUIEABE A0 98 A 2 N2 B 9 A T (0. vl R e P R 4 ok
7Rk, 2016, 23 (4): 373-377. DOI: 10.3969/j.issn.1008-9691.
2016.04.009.
Niu ZC, Duan GC, Liu JX, et al. The regulation of heme
oxygenase—l on inflammatory response in mice with lung injury
induced by sepsis [J]. Chin ] TCM WM Crit Care, 2016, 23 (4):
373-377. DOL: 10.3969/j.issn.1008-9691.2016.04.009.

(Hickis H 491 - 2017-08-07)



