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SUMO fbi&Hi C/EBPa £E & A 5 BT A%
fili %2 & A R K B ) 2h e ik RAEM

kH Fui Mk B9 OIKE MR FEH

GZFKRFWEERILA, T 4T 212001)

[(FZE] BH HNZZEHCEmY (SUMO) fhEM CCAAT 15 T455 811 o (C/EBPo) 732 E
AR (BPD) Br= KRS RIMEH. % 8 18 HEF KR s KA RS A4 (n=9) , H57
AR EE RS BPD B, Sl 4 dL 7 d 14 d, BREHAE 3 HORRURSEMAIZL, B GasRitigd 21501k
T8 SRE A Ki67 2535 Western blot #:ll SUMO1 K C/EBPo 25 1361k Sy dbyiiEsb il SUMO 1k C/EBPa
Fik, R SRINESA A, AR UGS R 5S4 d iks, 7d 1 14 d BB Igas Rl
SRR IIREAS , a2 KRR AH 2 b Ki67 FRihgili T, H¥Am TR RS A S HaSAmt, mdd o
EBPa M 4 d AN, 7 d 22 14 d B EEAFEE (P<0.05) ; m%E 4] SUMO1 & SUMO 1 C/EBPo. 75 H #6155 5
Wi bR, AW TR R 2SR (P<0.05) o =441 SUMO fb C/EBPa ik S e (i B K A% B i i
Ki67 R I (7=0.529. 0.671, P<0.05) . 5t (S A FE ISR KR BPD B, it b Rz 240 B b e 1
B BEAT A BE5 SUMO 1k C/EBPo FE KB IAHE [ PELHRILRIZE, 2018, 20 (5) : 403-409 ]
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Dynamic expression and role of SUMO-modified C/EBPa in preterm rats with
bronchopulmonary dysplasisa induced by hyperoxia exposure

ZHU Yue, LU Hong-Yan, HAO Xiao-Bo, CHANG Ming, WANG Qiu-Xia, WAN Feng-Yun, WAN Xue-Qing. Department of
Pediatrics, Affiliated Hospital of Jiangsu University, Zhenjiang, Jiangsu 212001, China (Lu H-Y, Email: lhy5154@163.com)

Abstract: Objective To study the expression of SUMO-modified CCAAT enhancer binding protein a (C/EBPa) in
preterm rat model of bronchopulmonary dysplasisa (BPD) induced by hyperoxia exposure and its role. Methods Eighteen
preterm rats were randomly divided into an air group and a hyperoxia group (#=9 each). The model of BPD was prepared in
preterm rats exposed to hyperoxia. The rats from the two groups were sacrificed on postnatal days 4, 7 and 14 respectively (3
rats at each time) and lung tissues were harvested. Periodic acid-Schiff (PAS) staining was used to observe the differentiation
of rat lung tissues. Ki67 expression was detected by immunohistochemistry. Western blot was used to measure the protein
expression of small ubiquitin-related modifier-1(SUMO1) and C/EBPa. A co-immunoprecipitation assay was performed to
measure the protein expression of SUMO-modified C/EBPo. Results Compared with the air group, the hyperoxia group
showed a decreased glycogen content in the lung tissue on postnatal day 4, and an increased content on postnatal days 7 and
14. Over the time of hyperoxia exposure, the hyperoxia group showed an increased expression of Ki67 in the lung tissue
compared with the air group at all time points. Compared with the air group, the protein expression of C/EBPa increased
on postnatal day 4 and decreased on postnatal days 7 and 14 in the hyperoxia group (P<0.05). The hyperoxia group had
significantly upregulated expression of SUMO1 and SUMO-modified C/EBPa compared with the air group at all time points
(P<0.05). In the hyperoxia group, the protein expression of SUMO-modified C/EBPa was positively correlated with the
glycogen content (7=0.529, P<0.05) and the expression of Ki67 (+=0.671, P<0.05). Conclusions Hyperoxia may induce
over-proliferation and differentiation disorders of alveolar epithelial cells in preterm rat model of BPD, possibly through an
increased expression of SUMO-modified C/EBPa. [Chin J Contemp Pediatr, 2018, 20(5): 403-409]
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R E M & B A R (bronchopulmonary
dysplasis, BPD ) J&—Fh i MliEReds, & UL T
A7, HUAEEA R =LY, HAT BPD &SR AL
KRIFERWERE, TNZ R 7 A 80697 TB. IR
T BPD &R HLI K BiiGT-Be, XHE FI6 KGR B
A HEEE L,

CCAAT ¥4 8 25 &5 & 1 ( CCAAT/enhancer-
binding proteins, C/EBP ) J& 1 5e 2 R v 5 25 1 5%
SEHFBEE, e KM 6 Ff C/EBP FKIEM 5,
fU4% C/EBPa, C/EBPB. C/EBPy. C/EBPS. C/EBPs
K C/EBPC, M, C/EBPo 7ELEURMIINEIIE 1z
A AP R AR, S 5 M R T
A i P C/EBPa 3 BRI B e B A /N BUTE 3 A st R
o | IV W T 0y % it 5 A i e g

Nz R A K A& i ) (small ubiquitin-related
modifier, SUMO ) k& 1fii J& B i & 8L — F &
H RS e, WEL SR NI E KB4 Fh
SUMO & IS, 76 Jifi (i e = B 2 R Y 2
SUMOL, HHOCHFZERIT, Ml SUMO F¢ =M
L ATl 2P A A, 47 SUMO fR A& 1 7T R
X405 A A e S R AR Y R B
C/EBPa 7] SUMO fLf&1fi, C/EBPo J¥51 Fhiipla] i
¥ HLF SCM (synery control motifs ) > SUMO 25 &
P, SCHRIGE, C/EBPa i SUMO &4 S SUIT
SR FEAN S DIRE SIS, I MH] C/EBPa BT 2241
A8 Y, 78 SUMO BFR IR AR, A SUMO-C/
EBPo filf 8 A AT IE# i b g . Bar, A
X% C/EBPa [ SUMO fLEMHIF 7T 4 /0, A4 fif
WM ERW, FEMi & B o d, C/EBPo ) SUMO
TRAG Ui P RE S5 i o3 Ak i o6 2 T 3 P 2 1 ek I
NG e AR Bk o3 0 BB AH G, 427 SUMO LB 1fi =
5 C/EBPa A 51 40 4k 5 8 5 . {H C/EBPa [
SUMO b AB T 2 15 52 Ml 1o 48 5% 8 T B0 7 R Bl
AN b S35, 2S5 T BPD WA
B, HEM ARG, AT DL R AR T EL
FL= KB BPD BRI 4, #£% SUMO 1b&4 ¢/
EBPo 7€ BPD H1 (%3R35 K gl A kAR 5 i o3 1k K 34
FEM SRR .

1 HRSTE
1.1 SRIe##
RIPA 24 i g (5 ) . NP40 2L M il ( 1 i
BN REDEARARAF ) , SDS-PAGE BL Iz i
A& (RUIHEAEYEARARAA) , RPTKR
SUMOT HFeREGLIAR , Hdi K B Ki67 2 seRE i ik
(Abcam 28 A), &) , 1LFEH KR C/EBPo £
SEFEPUA (Santa cruz 247, EHE) , /NRITKR
B-actin £ pEBEHLIK (CST A H], KHE) , HARL
SAACYTEPRIC L F TR B vERE TG SRbtIL -5 0E
W 1eG . LLEPT R FIRE IgG (CST A ], EH)
ECL Kz 357 & ( Millipore 23 F], £ ) , gL
T 1 Marker ( Fermentas A @), .F8%E ) , Protein
A/G Plus-Agarose ( Santa cruz 237, FEHE) , i
PAS B35 & (Solarbio A H], ) .
1.2 SEERFEKRK BPD #HEEI R HH

Sprague-Dawley (SD ) 22 2% 19d ( fii/=Hk
22.d) AFElET, SERTIR A R U R L
H 5 BEAIL o S 2SS M R s R e AR A
#e S BPD BEA M A K RUE TR, A
WL RRTE 85%, mRAKRRE TR =N K
23y ARE B 24 h 7 25 S RN AU [R) T 4
— U, LA S P R O HERR AN [ 20 T A RE B 52
Me, A HOWSER UG SLFE st 200 T2 ks
ERTET4d. Td I 14 d BASI3 H I FUREE,
SEE, 4% ZRWEEAEE NS R E, B
AR, e il TR E A BT R, Wit 2H 21
B, A KR ORAT F AR G ARSI
1.3 HEREFEBEKNAERAS L

WRRAYT Fr LA iR &5 5K [Q e (0.7 (PAS)
AbEE, U R BAE OK, =R E T R b
10 min, Schiff Reagent VRSN 2278 0, Ji RLE 7K
e, ARFRGAL, JGE TN, 1PP ARIFPEAL 42
SRY e S (i D 2T
1.4 REAUKEARGNHALR S Ki67 Rix

PLA 34 SRR IC ) Ki6T WLEK It 2 A0 i 184
T, VIR H B 2K, UsE &5 1l A
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30 min, JEINSRPTAR Ki67 ZyikE—4t (1:500) , FH TR G e U0 1 B A ) R A v o

4°CIERE, PBS R4 VRN N ABRAR i S AL P Bl
ORI PR BATERE 10G, SR 30 min, DAB
B, BARRRY, 1% HROEMMERTE, HE
WRGIK, I 2E I, PR e [ 3 R e B
UL, 1IPP 840 HT Ki67 ik, 1 fiF it 4 A
HFEIE L
1.5 Western blot 7 R #& i A A 48 F SUMO1 &
C/EBPo EA XX

RIPA 24 (& PMSF. & (I EEH0 5] ) 42
A ANBLH AN DR T, FRRUKE L 15 pg SR
FH#4T SDS-PAGE BERCHLIK , 1B HLA% % PVDF I
1, 5% BiRg WK 37°CEA 1his, 25 A Gt
KEL SUMOT B repEhiffk (1:1000) | th=EHiRE
C/EBPo Z itk (1:1000) . /NRPL KR B-actin
ZralEHiAR (1:1000) —i, 4CHRE IR . VeI,
DIBAR L AL P B AR IC ) B 5 P TG (1:5000 ) 9%
A lh, ECLAL¥: KR 6, VIHMEHS Bactin
Z UM EE R L3R B A8 FARRTERIA K
1.6 BEBEHITIERAR (CO-IP) # M il 42 R
SUMO 4, C/EBPa Fix

F| H NP40 24 fi# W ( %5 PMSF., NEM F1 4 H
AR 10460 3510 ) o 0 4 B A% AL il 4 2R A i A R
4°C 12000 r/min Z.0HCEE . B 20 pL 2R AE R
JINA 5 x SDS HL K A% v &k 10 min,

input,

[# 1

2.2 FHELAMAmILE IS
Ki67 FHMAAT 5 32 900 e A T A i bt 35 6o
YA o8 v N VT U O 1 A YA

HERLERNFHAKRITARAUIER (PAS, x200)
B 4 d DRSO CLBRIEORS . 7 d S 14 d ST, S S I LEIG L NSO RIS €5 A2 6,

A 0.5 ug PR C/EBPa £ Sl AR (1:100 ),
ACHRFNFEZE 4 h, A 20 pL protein A/G beads, 4°C

B, 2500 v/min E.0, £ EFH, REERERE
BI'5 x SDS HLvk FREGE MR, S IR Bk

fEAT SUMO1 14 5 55 BRI S 58, T it SUMO 4k ¢/
EBPo ik fE M, L 45 R L SUMO 1k C/EBPa 5
B-actin 1Y FLI R

1.7 SrESHR

K HI SPSS 18.0 Gt B xEdlm i T4t 27 1
B, THRBERIDISE = dERE (R£s) T, W
AREAS ] LR ] o R e s 20 9 2% B[] A U R
FHECR ZE Dy 22508, G B[] s H 382k FH SNK-¢
K6 ; P AE A [8] 4 ¢ P4 2R H Pearson AH 5€ 43 1T
P<0.05 H2ERAGH R L,

2 R

21 FHAELASLIER
fili | Bz AN IR R 280 PAS Yo ) R 4841 {4,
FENITEMIIE . 25 A KRR 4 20 i G € 568 i 7E

A B R ES; S R RS S KA, MR
IR YO0 4 d BPUES, 7 d BP8E5E, 14 d Bl

o b KA AN 7 B RO 3, R PR D e (58
FEUT g, WK 1.

14d

f)‘i‘ﬁfglf
>4

™ .,.,,‘
(\m \

2 LML (R B BRI ()i et . 5 AL LB AR,

WW&—UE%%LO 54 Ki67 T 4 d iR AF 5,
PUR BN, m A g4l Kie7 ik 5% i
FrE s, Hiﬁm?l_lﬂﬂﬁl AR A 2,
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B2 GEALKNGELR K67 Fi&k (DAB, x200; 7 FMTHERN, x400) 255 4] Ki67 2635 a] S drsi i s
TR A BB ] IR TR, LR TR ] 2 KA Ki67 PSS IR 0 T i A (o kL

2.3 FHEANERE S SUMO1 & C/EBPo EH %
ix

Western blot 453201, 235 4H SUMO1 &3
INTER B[] e 22 R RG24 L (P>0.05) .
B S AR R R AE G, S 44 SUMOT S RIA 2
B ETHES (P<0.05) , HA40H 8 & T A a] A
ZRH (P<0.05) o U5 E A4 C/EBPa &
FIRYI BT PR (P<0.05) ; S5t
S 4 d B C/EBPo R AR AN, 7d f 14d
IFEIRFEAR (P<0.05) . WK 3~5 K& 1,

1 2 3 4 5 6
SUMOL o e s S s ] KD

T m—— — M
B-actin — H——————— 5 K]
B 3 Western blot #ill C/EBPa, SUMO1 EH XA

1 2554 4d; 2: BEMAAd; 3. 54 7d; 4. HEA
7d; 5: 23R4 14d; 6. EEY 14d,

[ ]
% HY
= A
B

E:

SUMO1/B-actin

4d 7d 14 d

4 FHHAEAESRSUMO1 EARIKLLE (n=3)
a/R A 4 d lWEE, P<0.05; b 7R 5 [l ] 28 4 L,
P<0.05,

C/EBPo/B-actin

4d 7d 14 d

5 WHERES C/EBPo EHKRIALLE (n=3)
a /RS54 4 d [bEE, P<0.05; br5[H4 7 d HkER, P<0.05;
¢ A ARl 2 UL LR, P<0.05.

*1 FHALKRIE L C/EBPo & SUMO1 ZEEMEMFTIEELE (xxs, n=3)

SUMO1

C/EBPa

2H 5

7d 14 d F{i PfH 4d 7d 14 d F{i P

4 038+0.13 050+0.14 056+£0.09 2119  >0.05  0.628£0.033 0.594+0.110 0.306+0.071"" 15551 <0.05
=¥ 1.29+0.16 1.71+0.11 2.14+0.51" 7.168 <0.05 0.846+0.108 0.357 +0.031" 0.067 £ 0.016" 13.505 <0.05

t{H 3.573 9.582 5.012
P{E <0.05 <0.01 <0.01

3.361 3.596 5.724
<0.05 <0.05 <0.01

e an 5 4d H#, P<0.05; b5l 7d A, P<0.05, [SUMO1]/INZ ZH KB 1; [C/EBPa]CCAAT 8 F45 5 E 1 .
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2.4 Bh#H&HH SUMO £ C/EBPa Rix1ER

CO-IP 25 ) R, HJ54d, 7d K 14 d A,
235 4H SUMO 1k C/EBPo. FEikt/b, {H i 25 i ] 4k
Kt (P<0.05) , 14 d Ak FmEmT 4d
Ko7 d i AR SUMO 1k C/EBPo 635k 2344 |
FHa# (P<0.05) , 14 d N EEKFE T 4 d I,
H ¥R 5 F A )] 2 R4 (P<0.05) o BLIE
6~7 MF 2,

B Lad
-
SUMO fk C/EBPa 7d E— “
s -
Bactin -

E 6 CO-IP #l SUMO ¢ C/EBPa EHFik

m sy
AL

SUMO 1k C/EBPa.

4d

7d 14 d

B 7 WWHAKKIEA SUMO {4 C/EBPa & AMEX &%

BELE (n=3) as/NFE4H 4 d A, P<0.05; bss5EIZH 7d
A, P<0.05; o /nSREHEZS 414, P<0.05,

K2 WHERE S SUMO 4 C/EBPo E AN RIZE

b (xzxs, n=3)
SUMO 4k C/EBPa.
207 F{i P{i
4d 7d 14 d

2S84 0.13+0.08 0.34+0.19 0.63+0.13*" 9.349 <0.05
A4 431+£061 7.00+1.82 7.80+1.44" 5.198 <0.05

t{H 11.808 6.284 8.563

P <0.01 <0.05 <0.05

W anSRIH 4d LE, P<0.05; bsR5aI4H 7d L%,
P<0.05,

2.5 XM
= R % B2 BPD BL A p o il 4 41 SUMO 1k

C/EBPa 23K 5 R e (o5 B M AZHAFE PR Ki67 &
SEEIEAE (#0529, 0.671, ¥ P<0.05) ., UL
[Xé_] 8"“90

0.6 -
Y=0.01855X+0.1329 [0l
r=0.529
P P<0.05
2 04
i Y
4 L4 °®
= 02 @ ® -
= )
O T T T T 1
0 2 4 6 8 10
SUMO 1k C/EBPa AHX F2 15
B 8 SUMO {t C/EBPa RiZ5HEFEE=HXSHE
0.50 -
Y=0.01783X+0.2593
0.454 r=0.670 o® )
— P<0.05 o
2 °
S 040
K 0354
®
~ 030
o
4
0.25
0.20 . . . T !
0 2 4 6 8 10

SUMO 1k C/EBPo. FHX Feik 2

B9 SUMO {£ C/EBPa &Rix5 Ki67 RiAEX S E

Pan 25 1 I Fl 8 A= K Bl BPD AR B 5% % BHL,
BPD ZH K Ul vt [ B v 184 22, il 6 - A BELVS
WE I B TR e - R i, BEEI AR,
BEJFCR W FE, 2400 7 20 43 Ak 2 SRS H PR
W SRR, DR A 15 0 mTE A i o3 A b
SHEIRIRE — o RLBMREER TR, mEREG,
W KR A A I B b, R, g
F R Ak 5 00 ds . 5 BPD W BRECSAEAL . o AR
PRI, Il b R A R R R, BROR AR
eSO 72 Vi R <Y e N | i 2 s
A, A4 Ki67 FakA I, Bl
AP T 2N A

VEAEBFSE R B, C/EBPa AE R85 41 3 58 5
Oy A S SR, AENVEIRGE [ R 20 i 3 E A
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oAbt B R 2 X E RN, IS SR
IHPEEE A (surfactant protein, SP) | AJZ /MK &
B ST R R M A i, dEREiThAgRa s 1,
FHRACES FR M E Rz 4 (AEC) 1T 7 48 34 5%
AR, TR KRB, AR
EBPa 35 2553 5 kb ¥, #2785 C/EBPo 1E
05 R AT R A A RN 2 5 AR P LR
1Mt G N, BRI s, AR
WA R N, e R EE BPD BRI, 4 d I
C/EBPo. FEik38 011, Torres %5 " % 9 5 S R85 T,
LI i 20 21 SP-A & SP-B mRNA A0, 5
C/EBPo Fikif 25—, $#m R e C/EBPa
FRAZER I T BEE L i SP 3k, ARy i bz
. B AR AER, C/EBPa Fiku L,
Jitivfl b Bz R LA, T b e S, e R A A
FRIFEHERL, $/R AEC T AEC T 43fbpsfs, Al
FEARREIRF 52 0L, C/EBPo ik /b S &
N RS S G N R A i i
BERS 5 C/EBPo Fi68/ 047 X,

SUMO k& tfimT it 5 H bR (1456 & 0
WYER, 512 Mg I8 & A & A T 5k
A 48U 3 ik 2 S K BB A R, SUMOT mRNA Mz
A TR, HE78 SUMOT AT EFEAR ST 3h ik e
R AR, ARSI R BoR, mEd
KRG LI SUMOT ks Sl i 1m, H
B e A R R B R B B A T, # SUMOL 5
FEVHES Y BPD KB KR, WA B, C/EBPa
Al % 4= SUMO fk & 1fi, SUMOI1 A] {& i C/EBPa
Lys159 i 2 IR ok 5, I 4 ol HL 5 Sl i 1,
Hankey % " JIESC, FEmg PRI & Bl fE
C/EBPa [ SUMO 1R A& /K -2 28 v] e A By T35
HESEEE, B 4N, Sato 255V B, SWI/SNF 4t
@ RE I E A BRGL Al C/EBPa /31 R =
WO, T SUMO Ak &4 AT 41 i) it i #2987 C/EBPa
sk, AUIARSS KB, Mi&E DR, BEE MY
1k, SUMO 1k C/EBPa FiE B #i AR, I Ml i
TEY AR A OE, K8 SUMO 1k & i ml BE
Pl C/EBPo A SR Mt 7, AR SEG v, S
B0 51, C/EBPo K SUMO 1k C/EBPo 36 ik 1 44
i, FiE ARG AIEL, SUMO 1k C/EBPa 4k
SIS, Wi C/EBPa FIKkFEAT, 25 SUMO
BT AT BEFI 6 C/EBPo [R5 5606 YE, S8UR ] ¢

EBPa Fik kb, Mik—2 B SUMO 1k C/EBPa
JET 5 BPD il A &, FHMS T, &
W LB, EAZTE N, SUMO 1k C/EBPo £k 5
WE SRR IEAG, 278 SUMO 1k C/EBPa I fiE 5
BPD iyl s b BHI AEE B VI R

A EY, C/EBPa f&—FhamAa J1 /40 i
HEFE AN )Y C/EBPa B FE B A /N B AEC T 34
FEAE R ", SUMO B i T 3R C/EBPa 5 HAh 25
AR BT, M85 i &2 S e ™,
PRI MIIE s, ASLEh, A HRET SUMO 1k
C/EBPo Fik T, & ZEE 5 SUMO 1k C/EBPa
FIRWI I, HBES A BRI E K, SUMO 1k
C/EBPo IR B Wi Ty, I Ki67 Rk 2 B EAH
%, H—UEWIE AR SUMO 1k C/EBPa 23534,
Al g4k C/EBPo AR BEHR] , A FE20 MR A

LR TR, AR R T ECR P KR BPD
i 9601 Bz 240 1t 2ok 444 55 0 Ak B A% T BB S SUMO
b C/EBPo F& 35 B IMAH 5G . 1 FH 56 P g B 4 AR B
FEPURIAN G SUMO Zifg, it SUMO fbi&ifi ¢/
EBPa 7K, X T i 5 24 55 r 2 BPD i f & 75 H
AR HERA REiE— PR

(& % x #t]
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