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K Western blot 43 Bk 3 45 0535 85 11 78 ( GRP78 ) L IREL . X &45 4411 1 (XBP1) )2 C/EBP [Al#5#E 1 ( CHOP)
mRNA KA REFOCRN CHOP £ik, &R WASARFER, SA4 AEC TPREAMMIE,
PSRRI ;R4 AEC TTRT- R S a5 2 AL LA B3N (P<0.05) 5 BEF SN EIEK, BE
21 GRP78. IREL. XBP1 Jz CHOP mRNA Je 2R FIFeikFhm, HALFBI S as KA B - (P<0.05) ;5 =%l
CHOP 950 R i T[] a5 25 U2 . %4 CHOP 2R 1 3R5A 5 AEC TTT-% . IREL & XBP1 SR B 2R E
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Association between endoplasmic reticulum stress pathway mediated by inositol-
requiring kinase 1 and AECII apoptosis in preterm rats induced by hyperoxia

JU Hui-Min, LU Hong-Yan, ZHANG Yan-Yu, WANG Qiu-Xia, ZHANG Qiang. Department of Pediatrics, Affiliated
Hospital of Jiangsu University, Zhenjiang, Jiangsu 212001, China (Lu H-Y, Email: lhy5154@163.com)

Abstract: Objective To study the association between endoplasmic reticulum stress (ERS) pathway mediated by
inositol-requiring kinase 1 (IRE1) and the apoptosis of type II alveolar epithelial cells (AECIIs) exposed to hyperoxia.
Methods The primarily cultured AECIIs from preterm rats were devided into an air group and a hyperoxia group. The
model of hyperoxia-induced cell injury was established. The cells were harvested at 24, 48, and 72 hours after hyperoxia
exposure. An inverted phase-contrast microscope was used to observe morphological changes of the cells. Annexin V/
PI double staining flow cytometry was performed to measure cell apoptosis. RT-PCR and Western blot were used to
measure the mRNA and protein expression of glucose-regulated protein 78 (GRP78), IRE1, X-box binding protein-1
(XBP-1), and C/EBP homologous protein (CHOP). An immunofluorescence assay was performed to measure the
expression of CHOP. Results  Over the time of hyperoxia exposure, the hyperoxia group showed irregular spreading
and vacuolization of AECIIs. Compared with the air group, the hyperoxia group showed a significantly increased
apoptosis rate of AECIIs and significantly increased mRNA and protein expression of GRP78, IRE1, XBP1, and CHOP
compared at all time points (P<0.05). The hyperoxia group had significantly greater fluorescence intensity of CHOP than
the air group at all time points. In the hyperoxia group, the protein expression of CHOP was positively correlated with
the apoptosis rate of AECIIs and the protein expression of IRE1 and XBP1 (7=0.97, 0.85, and 0.88 respectively; P<0.05).
Conclusions Hyperoxia induces apoptosis of AECIIs possibly through activating the IRE1-XBP1-CHOP pathway.

[Chin J Contemp Pediatr, 2016, 18(9): 867-873]
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TEEMABEAR ( bronchopulmonary dysplasia,
BPD ) J& Ui L, FEBIE /N R LA KR
TG BT (0 UL R G . e iR P ARUIR YT 2
7 JLBPD EZE A 2z — ", fH B AL 9 BIL ) ¥
AR i T8 F R4 (type 11 alveolar
epithelial cell, AEC 11 ) JEMfiN 2140, R A
B, AEC T = 45 405 S M T-7F BPD JE A e 8
BAEH], AEC T NBTM s, BAT & A2 N B )
8 ( endoplasmic reticulum stress, ERS ) FZERE LR

YA o B, FRATRTIA L= K B BPD A AL
FEKRIY, FERERR R RKEI4Z C/EBP [H
JEEEH (CHOP) FRKikHI B &, CHOP xRS Y
BPD "Rl ML T2, 75 WLEERE 1 (inositol-requiring
kinase 1, TRE1 ) J& ERS J&%Z (552 —, ERSARET
IRE1 8§1] X &45 58 1 (X-box binding protein-1,
XBP1) A & mRNA 4= j 4 % XBP1s [¥) mRNA,
XBP1s A[if55 T i ERS 75 CHOP AT H KA
EABIAE Y, IREI-XBP1-CHOP i&42 53 /N
JHu e AR T VA G . 1 IRE1-XBP1-CHOP 3%
75 AEC TR HETHFE D A S5
AT AR TR SRR AEC 1120 e S A
HE—25 N2 TR 1T IRE1-XBP1-CHOP 3 B 2 75
5 AEC TTHFT-HIE,
1 #REFE
1.1 ##
IV iR (Sigma Aw], EE) ;5 D/F12 {55
% (Hyclone A W], EHE) ; BEFHE (Invitrogen
ocdl, EED 5 JGATE (Serpro AH], fEE) ;
XL (Invitrogen 28 A, 3 [E ) ; SDS-PAGE it i¢
R & (KPP IEEHEARARAF ) ; TRIzl
(Invitrogen /A F], 32[E ) ; Prime-Script RT reagent
Kit i #]£ . SYBR Premix Ex Taq"" if#] £ ( TaKaRa
o, HA) 5 SBRPUKE B-actin, % W IH 15 2
1 78 (GRP78) . IREl. XBPls [z CHOP ¥ 3¢ &
ik (CSTAH], KE) ; H S YRR C L
FEPi IeG (CSTadl, E£E) ; IFEPR G,
FITC (bt EH AR AR A ) 5 FITC
AnnexinV/PI it Uik & (BD AH], 3E) ; ECL
(Millipore A7), 3€HE) ; 514 B4 TAY T

TRNEIVET A (2 1) 5 CYS-1 B =Xl 48 4%
( BigsmaEsr il ) .

x1 519FE5
r /N
P F%ﬁj I 5 3
Beaeti 136 F: GCAGAAGGAGATTACTGCCCT
actt - R: GCTGATCCACATCTGCTGGAA
F: GAACGTCTGATTGGCGATGC
CRPTS 143 R: ACCACCTTGAACGGCAAGAA
REL . F: GGACAGTGAATCTGGGGACG
R: GGTCTCCACAGCGACATTGA
<BPI e F: CTGAGTCCGCAGCAGGTG
R: TGTCCAGAATGCCCAACAGG
CHOP 0 F: TGTTCCAGCCACTCCCCATTA

R: CTCTTGCAGGTCCTCATACCAG

FE: [GRP78] IR 158 785 [IRE1] F5 AU 1; [XBPI)
X G454 %M 15 [CHOPIC/EBP [RIHE M .

1.2 AEC || SEBRHGEEETIRTH

W P I 1 9 Sprague-Dawley (SD) K K,
& 200~220 g, ME MW M SD KR, K EH
220~250 g, ML KL s ho e, S
W BRLA2E 301 A B AL, IR H R UM BRLBH 8 430
YRR, BT, MHICHERS 1 R, 22
19~20 d SD K, Jor &0 TR AR EL, JFEL
Jifi AT LU0 AT AEC T JRARES 3%, i B 46
Tk, AEC TRk 15 h IERE)S, B ks
WITFRENL A 2 A R R A S A 4% 3 L/min
WA 95% 0,45% CO, 10 min, & T 37°C. 5% CO,
Rffih iR, SR EEE T 37°C. 5% CO, K
FRAR R FE . BERR 24 h BB SR, mAYER
DL E#AE, TR %G 24, 48 K 72 h RS 4
YL, CYS-1 8= A IR SR 0, MR B2,
KT 900 mL/L O, MR EEFRAR S F
1.3 (FIBHERHENE AEC || BETK

FEAS I B SRR A AL R 3R 5, LA PBS MR VBV
NN 2 o, 5] A2 IR ISR A T S AR
1.4 Annexin V/PI Bt =X 40 B AR 46 i 248 B R 1=

B BITE 24 48 T 72 h, £ HU 8 IR ANHE,
We g R, LA PBSWRUEVRANIML 230, FHAE
EDTA JBRGHE AL, ARANEF3453 3 (r 5T EP
rh, IR FITC Annexin V/PT i 2R ) & i3
HIACEEANE . AbFEJS 1 h W Accuri C6 3iUAL ( BD
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o), RED) KA TR,
1.5 RT-PCR #&ill#H % EF mRNA &ix

B BIAE 24 48 ]2 72 h, #5HL 8 AN,
TRIzol iR H2HL AEC T 5 RNA, 24N 0k

(Thermo 2~ w], [ ) WIE RNA 2ifEf1 &, ™

s i R & U 43 S S5 B eDNA, K B4
A3 1% 3 A E PCR 97344 ( Roche 24 7], JEE )
AT, PCR WA AZ . 12.5 L SYBR Premix
Ex Taq"'; PCR L TFWESIY (10 uM) 45 0.5 ul;
0.5 puL. ROX Reference Dye II ( x50) ; 2.0 uL DNA
itk ; 9.0 uL ddH,0; &1t 25 uL. PCR R &5
95%C 30s; 95°C 5's, 60°C 30 s, 40 MG . DA B-actin
HNBIE, SR 270 R E T
1.6 Western blot #ill#8x B FEB&RI%

RS HIAE 24 48 J2 72 h, £5UUAE 8 AN,
Ripa 24 (& PMSF) IS AN S E A, 3%
FRGE L 20 pe B8 HIEFT SDS-PAGE BEREHLIK,
M H A% 2 PVDF B I, 5% Wifg W5k 37 °C &
A 1h )5, LA PT K B B-actin, GRP78. IREL,
XBPls K CHOP IgG (1:1000) 4 CHEH %, 4
2 RV, DA A b i C i L =E i S i
FafE 1gG (1:5000) H¥F 1 h, ECLAL2EAICR G,
R BRI E S FRE 3 UK, GDS-8000 B ¥ A% 43
Br&2GH#I 00, DLHWMERAS B-actin 40471
A3 EE I LA R B 38 R AR X kK-
1.7 CHOP fE= i

RINFE] S HREAS ) PBS WRUEY 3 W, 4% £
5 [ 5 20 min, 0.5% Triton i 3% 1k 30 min,
37°CHEMA 1h, Db KR CHOP IgG (1:200) 4C
R I o 5 2 RUAFITCHRICILAEHT e 12G( 1:300 )
37°CHOEMFT 1 h, DAPL 44 2 min J5 986 i

( Olympus 22 F], HAS) WEHARE,

1.8 SZit=EHh

K HH SPSS 18.0 St A xH i - 7 48124 4
B, THERBERIDISEL = iR (R£s) T,
LA ] LR ] ¢ K00 20 N 4% B[] e BL AR

FH R 2R 7 22500, PP BS[R] 45 b 3% FH SNK-¢
K6 ; P AE A [8] 4 ¢ P4 2R H Pearson AH 5¢ 43 1T
P<0.05 NESAZIT#E X,

2 R

2.1 AEC |l &EZTHK
24 AEC 1T 7E 24, 48 J2 72 h I EHIE,
S fIGRE 2 R AR, ARMEARTH  E AR EE 24 h,
AEC T Bia A8, 40 A PN BE A0/ SRR, &6
SrAAR NV 48 h i, ARAR A E EASEUTE
L s AR OR 3 22, o AT TG R A
72h 5, MMOESEARIN, HHEE AR,
o3 YRR A AL S, TR T RE SRS T B AR A
T,
2.2 AEC Il ATZTH
Annexin V/P1 S 70 22 AAGHIN 25 Bsf 1] 15,45
HAEC THFTAEAL, S5REM, KutaSs <A
AEC IT R TR B A%, i 4 AEC 1T 54
JHT- SRR W, 5 R A ) s A L 22 7 2
HErE Y (P<0.05) . W2 LK1,
2.3 ERS #%EF mRNA FiEZTL
SERF S i PCR 455 R B, & HE] 52sS
21 GRP78, IRE1, XBP1 /% CHOP mRNA % ik &
PIHAIK; GRP78. IRE1, XBP1 2 CHOP mRNA 3%
IR B = A R R B () R, 3R IA 1 2 A 4
(P<0.05) , H5[FEE S SA ieislm, 2%
SAEGI R (P<0.05) . W3,

R2 THRAMSEAAECIATRELLE (xxs, %)
2851 n 24 h 48 h 72 h
ekl 8 8.03+0.56 831+051 893+0.26
A 8  1034+078 36.61+3.09 47.51x223
tH 6.84 20.35 48.56
P <0.001 <0.001 <0.001
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- 24 h - 48 h - 72 h
S Ja1-UL Q1-UR S3e1-UL Q1-UR SEa1-UL Q1-UR
40.6% 1.0% F0.7% 1.5% F0.0% 0.4%
EE EE EE
L = 7 S < Feeiis < 3
O NI e & T gue O e
B edi ' E od (e B bl i
e E B 2y Ele g
. H1-LL Q1-LR . 221-LL Q1-LR - 221-LL Q1-LR
PR T 7.7% = Fg 1% 8 8% = 390 5o g 1%
S Frm—rr T S Frn—rr T S FmrSrr T
10°7 10" 10° 10° 10° 10" 10* 10° 10° 10™ 10*" 10* 10° 10° 10"
@ FL1-A R FL1-A R FL1-A
EE s G1-UR S3a1-0C O1-UR =k S @1-UR
40.5% 25% 30.9% 16.9% 30.9% 16.7%
=E =E 3
. < 3 < 3 < 3
A a4 a7
= og = o = od
- =21-LL Q1-LR . S21-LL Q1-LR . H01-LL Q1-LR
LR A% 10.4% = 3g,2% 35,49 %338 5% 45 9%
— LLLLL T rrirmmr T rorrrmr T 1 T T rrimmr T rrrimr T 1 T T rrrrmr T rrrrm T
10*" 10* 10° 10° 10* 10" 10* 10° 10° 10* 10*" 10* 10 10° 10™
FLI-A FLI-A FLI-A
B 1 Annexin V/PI RN AWT AEC VAT A LM EVMBIGAI, 72 F2BRIRIEF 40,

AR LTI T4, A7 DRI T4, 24 48 F 72 h, A SAURIYIH TR FAT, [ ] AL

ahme SELIRTaEpII

R 3 MWAHALKMIE S ERS % EF mRNA Rik bk

(x107, x+s, n=8)

i) GRP78 IRE1
il
24 h 48 h 72 h F{H P 24 h 48 h 72 h F{a P
SEH 13.9+0.9 16.1 £ 1.6" 134+20" 443 <0.05 0.15+0.06 0.15+046 0.15+0.38 0.01 >0.05
A 17.0+1.2 53.7+1.7" 73.0 £ 8.4™ 26430 <0.05 022+0.06 0.65+0.11" 1.03+0.38"" 130.13 <0.05
t{H 5.75 45.39 19.59 2.34 11.65 20.44
P1E <0.01 <0.01 <0.01 <0.05 <0.01 <0.01
&% 3
sl XBP1 CHOP
bl
24 h 48 h 72 h F{H P{H 24 h 48 h 72 h F{E P{H
=R H 0.67+0.09 0.73+0.13 1.31+053" 985 <0.05 0.88+0.06 1.49+0.07" 1.52+0.07" 211.01 <0.05
R 1.58+039 3.58+1.10° 4.87+1.18"" 24.14 <0.05 1.64+0.11 3.61+0.13" 4.93+0.35" 130.13 <0.05
t{H 6.49 7.29 7.81 12.33 10.00 5.35
P1{H <0.01 <0.01 <0.01 <0.05 <0.01 <0.01

. [GRP78) % % #9845 5 A 78; [IRE1] 77 WLEZ B4 1; [XBP1]X

P<0.05; bR5[AZH 48 h Hedsg, P<0.05,

2.4 ERS#HXBEFZEBRFRILTK

Western blot 25530, Bl 2 /=) 46 %% £5 B (1] 4k
£, %4 GRP78. IRE1, XBPls, CHOP fEH#
IR ETHEHE (P<0.05) ;5 S e <
TR, 25 BA%0E L (P<0.05) .
UL 2 f3k 4,

S

payar
aaih

M 1; [CHOPIC/EBP [WIEHE H. a/m 54124 h L2,

12 4 5 6
T ——— . _— 78 KD

3
GRP78

——

IRE1 Tes— ey [30kD

XBP1s TR A el 0 kD

CHOp " W S e ammm 27 kD

-—— WD WP WD e W 5D

B-actin

pun
73
=y

B 2 Westem blot #ill ERS fAXEFERRIE 1:
S4124h; 2: FA4I24h; 3. 2148 h; 4. A 48 h;
5. 25 72 hy 6; L 72 he [GRPT8] AT 5 11 78; [IRED]
T WUEERG 1; [XBPIX &45G 81 1; [CHOPIC/EBP [RIEE

=
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x4 WAHAERES ERS HXEFEARIELE (xxs, n=8)
GRP78 IREL
21 5]
24 h 48 h 72 h Ffi P 24 h 48 h 72h F{i P{H
254 034+£0.07  0.57+0.08 0.67+0.14" 558  <0.05 021+0.04 0.19+0.02 0.26+0.06 1.97  >0.05
EAA 090+0.11  1.04+0.10° 1.07+022" 454 <005 038006 045+0.08" 0.85+0.18" 1474 <0.05
tE 10.61 10.25 442 6.23 8.46 8.83
P{H <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
gk 4
XBP1 CHOP
ZH 5]
24 h 48 h 72 h Fi PlH 24 h 48 h 72 h Ffi Pl
2354 0.07+£0.01  0.09+0.02 0.11+0.03 257  >0.05 033+0.04 0.52+0.07" 0.61+0.10" 10.60 <0.05
EALL 0.19+0.03  024+0.05" 047+0.12" 914 <005 0.76+0.09 091+0.09" 0.98=+0.17" 973  <0.05
tE 12.07 8.23 8.18 12.33 10.00 5.35
P{H <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
[XBP1X & 45 & & 1 1; [CHOPIC/EBP [ I/ M. a7n 5 F 4l 24 h LL#,

1. [GRP78) % 25 05 4 35 & 19 78; [IRE1] 77 WLEL G 1;

P<0.05; b5 48 h A, P<0.05,

2.5 CHOP &E# 3K PR iy MR AR A] S A
FED G N CHOP 52N T AEC T 48 A% N o CHOP kg £ WK 3.

TE 24, 48 Je 72 h, ZSAHPWNE RS, CHOP

48 h 72 h

24 h

g

Bl 3 RERNEEIM CHOP Rix (MfEdt, x400) CHOP R&EEGHOE, 24, 48 J 72 h, Z8S DGR ERSS,
CHOP £kt £ .

CHOP FhBb 5 [alnf ] i w4, Jam Bz iom,

T2 IRE1 )2 XBPls 5 H A B I & 1F A ¢

2.6 EHXMSHT
A4 AEC 1T CHOP FE H #2155 AEC 1T (r=0.97. 0.85. 0.88, ¥ P<0.05) , WA 4~6,
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60 7 y-s5136X — 16.00
=097
P<0.05

40

20 A

AEC T2 (%)

0 0.5 1.0

CHOP E ik

4 CHOP EZEAFXIES AECI AT RHEXSHE

1.5 4

Y=0.70X — 0.08
r=0.85
:l»s) P<0.05
10
{0
B
g 0.5
0 T T 1
0 0.5 1.0 15
CHOP FEHFIA
B 5 CHOP EHBXRiX5S IRE1 EERIEHEXSTE
0.8 7 y-046x — 0.11
r=0.88
06 P<0.05
"
{
95 0.4 -
=
[aa]
= 02
0 T T 1
0 0.5 1.0 15

CHOP Ik

6 CHOP EZEAKik5 XBP1 EARIKHEXLSHTE

3 iTfig

AEC T2y E 8 T4, Hou 25 ™ F FH 8
A KL BPD BRI R JF A% AEC TTAF5E K3, &
ARG, BPD 4K R Rl fe b i 22, 4
4 AEC I T K% A3 A R AL A S 3 fin . A s
WHFR RN, mARE G, AEC THIE T &
RIS . AR, A b B NBORL A 2
WAL, EETEANAG 2E0AE . Annexin V/PI XL
P ARG R LW, 2541 AEC TT TR

i, Mm% AEC T8 T 5% R i a) g a5 < 4H
S, UL EA AEC 1T &4 TIEEBUE A
T AEC T,

ERS A G T 37 I 5 & B0 JE 2 Ly 1
WA, AEC T &4 K A2/ INMA R T P 5
BA7 KA ERS MRl IEHEOLT, GRP78 5
FREE 145 G AR RE 9 o RS, (ATl 1o 38 e 3R
R MR, BRI %4 ERS B, GRP78 {51557
Ff# e, I GRP78 #%1A R /& ERS bR PR 8 H
z—P AR R ER, HEY4 GRP78 mRNA
KB AR IRIKT-BE A 26 ST ) R 2 s, H
B EE T REE AR, RHEERSLEsh T
AEC ITid7#E,

CHOP J& ERS H 5 19 . B9 0 T AH 5C &% 5 [
T, PTBHA A0 245 T A T, CHOP Y8 1
W CUESE 5 ZFE A 0¢, WFHIRE, W
AR dEg, ES . Aar MY, Ui
BR CHOP &R AT o3t /N BB 2R Ak, el ' 40
PR AR AR 5. R R A R R /INERL BPD A5
AR /N B 1 pe 20 45 s A A o & B T, R
CHOP F [H A] R s il S 40 5 A A Eiply, i
PRt AL, FignpEsET I {H CHOP P/ Tk 48
5 AEC THT-MRR BRTEA 415, fEAHTE
i, CHOP Rk TN, 254 CHOP R
B, A4 CHOP 98GR BE s S Al W] i 3t
2541 CHOP mRNA K85 H R B AR, mibiE
Y5 RIFER: , CHOP mRNA A 4K [ 261k 1 5L 4 i
T, SEE RS S S R, BB,
H CHOP FiA 54T R 2 W F EAAHE, YL
R — 2 DA Z Ui B, & & TS CHOP
WSS AEC THT:, [HZUTER CHOP &
TEEINH] AEC AT Ay de— 058

ERSH = &5 Bz 4% , YT 55 CHOP ik,
IRE1 2N REEAZ —, 5 GRPT8 )5 k&
4B SRR, FSSE A SRR
N YIEEE I, 3940 XBP1 FiA& mRNA 2= 5 AE 2w 5
XBPls ) mRNA, XBPls B A 5 sEi6 M, T ios
CHOP W T-i& 4%, TRET 8 J X 140 i i) A= A7 Fn oA
T, RTFEEEREEN, IFC RS 2 gEmnE
HHE, AFEREIRNS |« FEiESE ™, van Schadewijk 25
RS N 2500 E 400 ERS, WFo &8,
XBP1 7E% 4= ERS il Lz 40 op ek B g 4 v
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HF1 GRP78., CHOP ik 5 I FIEAHSC, ASLERF
KR, 2554 IRE1 K& XBP1 kWL, bEE
UNET T ER, E4 4 IRE1 K XBP1 mRNA M 7R
HFRBEW LT, H5RIEE SR 2R
HGi#E L, IREL. XBPls & #iAH 5 CHOP
FEHRAEREFIEME, WHEERsIT AEC 1T
tH IRE1-XBP1-CHOP i %, H R Al g5 AEC 1l
PAT- I 5. Ghosh 25 U1 A1) B k& 41 i A1 50 4
ERS fAUBFSE A 8L, $6I IRE1 38 % AT 22 i ERS,
YU T, PRP AN AR BRI AR, R e HED
FE R AT AEC T Toad A2 rp ) TRET 3 i AT
BEXT AEC T HAGRYER.

gr LR, m A0S T ERS #H 56 1Y IREL-
XBP1-CHOP i&42, 3125 AEC HT-. NHEHE
R AR BB LRI E CHOP Zhig, s IREL-
XBP1-CHOP i&f2, X FaEaiisk AEC T2
HA I ER A ReifE— L
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