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SRBEHLI A o R A s 2 (AT PR 44 L) s O SR (TR s L), 0l BT TR R A P (60% O, ) RIE 25X
hERER. TR 1,4,7,11,14 d AR 6 R, B BUTZALRFRAS . IR A -DHZL L (0 A BEUE , B
FEAATIN VEGF 71 eNOS # [ 435, Wi% - R4 BipgE S V7 ¥4I VEGE 1 eNOS mRNA ik, #5587 i
1o AR R 4 d 5 H B[R] B LS e SR RIS AL, ELJAZ Rl o S 2% B I ) A S TIN5 4
HREE 4,7 RISHfiZH4 VEGF 3 F R K I AR T AR 23 X AL (P < 0. 05) , VEGF mRNA 58 g 25 i /b
(P<0.05), Bfig#EEIR ALK, VEGF 25 [1H mRNA JE77#EFRAG. 8 S 41 R BRUFE i S 22 108 o R vl il 4 21
eNOS F Al mRNA FIKINREH B i M RE R MRS, 4518 WA T U™ MUZ 4 VEGF il eNOS ik
RGP, LS 5 7 S R A A2 B o 6 oy iy S 2% 85175 3™ AR 19 BPD B , AT RES VEGE Fll eNOS 1
RIXPWA R, B Z BT E IR [ EHRILRIRE,2007,9(5) :473 -478]
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Dynamic changes in vascular endothelial growth factor and endothelial nitric oxide
synthase in lungs of premature rats after hyperoxia exposure

WEI Wei, WANG Wei, NING Qin, LUO Xiao-Ping. Department of Pediairics, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430030, China (Luo X-P, Email ; xpluo@ tjh. gmu. edu. cn)

Abstract: Objective Recent studies suggest that the disruption of vascular endothelial growth factor ( VEGF) and
endothelial nitric oxide synthase (eNOS) functions plays a pivotal role in the pathogenesis of bronchopulmonary dysplasia
(BPD). The aim of this study was to investigate the changes of VEGF and eNOS expression in the lungs of premature rats
exposed to moderate hyperoxia in order to explore possible relationships with BPD. Methods Premature rats delivered by
hysterotomy at 21 days gestation were randomly continuously exposed to moderate hyperoxia (60% FiO, ) and room air. The
rats were sacrificed at 1, 4, 7, 11 and 14 days of exposure (6 rats at each time point). Lung sections were stained with
hematoxylin and eosin for histological examination. Expression of VEGF and eNOS proteins and mRNA were assayed using
immunohistochemistry and RT-PCR. Results After 4 days of hyperoxia, lungs developed interstitial fibrosis, abnormal
vascular patterns and decreased alveolar septation. These changes became more obvious with more prolonged hyperoxia
exposure. The expression of VEGF protein after 4 and 7 days of exposure decreased significantly in the hyperoxia group
compared with controls. The expression of VEGF mRNA in the hyperoxia group was also lower after 4 and 7 days of
exposure. Both VEGF protein and mRNA levels decreased with increasing hyperoxia exposure time. The expressions of
eNOS protein and mRNA also progressively decreased with increasing hyperoxia exposure. Conclusions Hyperoxia caused
progressive reduction in lung VEGF and eNOS expression as well as abnormalities of lung structures, including decreased
vascular growth and impaired alveolarization. These histologic changes are similar to those of BPD. The data support a link
between BPD and decreased expression of VEGF and eNOS. [ Chin J Contemp Pediatr, 2007, 9 (5) ;473 —478 ]

Key words: Hyperoxia; Bronchopulmonary dysplasia; Vascular endothelial growth factor; Endothelial nitric oxide

synthase; Premature rats
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RN KB A B (bronchopulmonary dysplsia,
BPD) 2 L W18 Pt . 7EXS R BPD £
SE) LT R b A BRL I 2H 206 LA IR IS 2 B
RN SR B A4 . R BPD Hfii
BB ZHAIHLE] A o IE A B N R A K
F-(vascular endothelial growth factor, VEGF ) IJJ 58 Y
A BPD R R LA T i T A
FAN, N Rz B — 4 Ak & & B ( endothelial nitric oxide
synthase , eNOS ) JE PR 2K /I BULE AR i e 280Ny 2 B
B A S TSR S D i 4 T R AR R
SU-5416 (—# VEGF SZAKBH ) J5 , BUI A eNOS
FRTRY L W, KH Ay VEGE i % % A R0
O NO A F95 . XEGIEYE SRR, 7 BPD &%
I VGEF F1 eNOS [ 3RK 2 M A FHEM R,
HEBZRIAEBRVINAERR . ASGE SIS
SETRSE P U SR B R X L U ZH 41 VEGE A
eNOS FIK 52N, #R0F BPD A& Ak AL

1 RS

1.1 SEIesh¥srid

AHE 250 g A A7 i S SD KB (AR K
2 FGE BE Be SL e s o AR ) | b A BT R]
JFEACHL (35 1), U H R IUME BB B 3 Wi 1, ik
WAEF, S HIC AR IRES 1 R A2 21 d BERLHIE
PESAFR 12 h BRI A3 23 SO0 B R g 4
SEHGAH
1.2 zhEENE &

e A TR D (SRR B 4R R AE (60 %
5 %), B H BT A (S5 1E OM225ME #1)
iy, s A KW CO, i HARE/NT 0.5 % i
25 ~26 C,1BJE60 % ~70 % , 5 KIF41 h MK K
TPk, R FRER, 5 s A BB R AR e B B
PR g T P R D BRI s R B TR — = N A
S CEIREE 21% ) 3251 5 a4 AR R
1.3 #RARE

%1,4,7,11,14 K 53RN A h & Hhiie H,
JEIES T 5 19 N L8 L AR . A8 e 4 TR i 7
AR FEMTRCL, PBS hyefit B 2 e, A SR
2541, I YA, Ve A SR K v gk i, W1
KAy R BGEE G E T - 80°C yk 4, I T RT-PCR,
HCRETEN 4% ZR P BER MM MK, UG I, &
(] — [ 5 W 4°C [ 12 h, WA S asiy) fr i
Y1 .5 wm/ 5, T IR ARG -0 20 4% 0 Tl A 5 4
A

*
A
I

1.4 REZKE

R A WY R (5 pm) , SRR EEBLOK, I3
AKG-GHELGL 0, a8 S WA I 2L B AL
1.5 PAHiE4E VEGF #0 eNOS E AL F LB

SP %, (b 5t il 2B W) R 24 W) SP9001
SP9002 a7 &) , U) R M oK, & i s &,
0.3% H,0, HEEE ] 30 min, 1E M5 B ]
30 min, 735 AIAL: 100 # B0/ NPT R B VEGF —
PrOALat P AR AR A F]) S 1250 i bl eNOS
—PL (AL I A B AR L F) ,4C K ,0.01 M
PBS 873U Ja iAW R AR B F 50/ U R4
B 1gG,37°CHEF 30 min, I ABAR A A AL YT BR i
EEREN 2R 37°C30 min, DAB (Jbat il A= ¥ ¢
ARAFDEET BAAL 1 min, 45 5458 D403 A
PRB OB TTE AR TR ARG e %, i
K EW], BR BT RS, FATEXTIELL 0. 01M PBS
BA—vi. BBIEEHLEIBC s M DI R S 5K, 5
sKUIR T8 T ( x200) BEALZER S ASHLEF, &€ 7
FITE AR, F1FH HMIAS-2000 (=576 M7 8% €0 B2 2 [ S0y
Br &G, e V- D085 B L3R B - M st L
1.6 FHR-BEEERN

FIFH Trizol 27 ( g A T AW TARBARNR 55
A RRAFD) SR BUI4121 5 RNA, DU530DNA/ Protein
I3 HTAL (Beckman ) P RNA ¥, 3005 55 e g 14 &
H2 ug & RNA,1 pL Oligo(dT)15,1 pL dNTP Mix
(10 mmol/L) ,0.5 wL Rnasin Ribonuclease Inhibitor
(40 U/pL),1 uL M-MuLV Reverse Transcriptase
( Promega, 200 U/plL), 3 20 pwL, VEGF FI eNOS
mRNA GeneBank J#515 4351y : NM_013062 1 NW
_001084825, LA B-actin NS M, 5|4 S H
APRILFE 1, PCR VAR R ALHE 2 wl ¢cDNA, EF
W19 (10 pmol/L) £ 1 pL,3 pL MgCl, (25 mmol/
L),1 pL dANTP Mix (10 mmol/L) ,1 pL Taq & [
(1 U/ul) 350 pL, #8010 pL HEERFINZS
18 PCR 7“1 2. 5% BR)IEWEBEIE (5 0.5 wg/mL {74k
LBE) HLYK (60 V,25 min, SE[E BIO-RAD 2 w] H1 Ik
10 o FBER G 3 Hr R 58 (S 1H UVP 2 5]) , I
FE HBIEER PCR 46417 15 B-actin PCR ) 557
MG TR AR B R RE TR R AH X 25
Eiig
1.7 Zrit#ahE

IV SPSS 12. 0 GEit#r it traeit~Aab B, fir
A BRI LI BOMBARHE 2 (v = 5) R, 25 4LIR] H
BER AR R Iy 22 03 #r , 1 8] 22 55 W 25 MR ] SNK
RS, P<0.05 Mg b2 B,
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%1 VEGF . eNOS #0 p-actin 5| #1555 % PCR 1§

R 7PN

314 Ih(bo) 5149791 PCR [ R HR
ey S I 95°C A P 5 min;94°C AR 45 s,
i sy LdSccieatsnceccenaty g T
o - 30 PR3 72°C LA FEM 10 min
CIEARE 5 mins94°C ARME 45 o
¥ 5'-CCACAGTGTCAGGCAGCTAA-3 O5CHIRAE S min;94°CIEHE4S 5,
VEGK 657 bp T 5'-CCATGGTCCCACAGAGTCTT-3 53.7°CIBK 45 5, 72°CEAH 1 min,
o - 30 MR 572°C LK JEM 10 min
FARME 5 min . AR 45 o
4 5'-CACGAGGACATTTTCGGACT-3 95°C BIEHE S min ’940(3;‘ 45 s,
eNOS 342 bp Fif 5-TACCCAAGCGCTTTACCACT-3" 54.5°CiB K 45 5, 72°CHEM 1 min,
v S - 30 AMEHR;72°C LA E A 10 min
TEMAE - WUR S S T R 40 it T L B e fs
2 F#R AE 1 d FEUALSAE LN E 4 d UGS

2.1 FALRREFKRE

oS AMIEL, mA R 1 d A Ul 4
o PR S AN I, R R R 4 d PR B/ A
Pk FEIL, Bl N S B D AR b 4 R 321
SERE L, It 5T P A MG 22 5 S SRR R 7 d I il
PP AT L S i 200, i () B v 3 i, e ) B 4
L R i JEARE 4 A R R s KL, AR
11 d. 14 d B, fils e 25t B S a2, il ] s B S 344 5
LN BT 4 4 M R i TR 1y Jo W b 34 22 it ot 45
L, WA EERA L £5 4 BPD [ ERAS (ET 1),
22 SEEBEREREFRMALR VEGF EEH0
mRNA FRiEH TN

LK E VEGF 8 71 32 22 7 il o [1] B 2R 3k

T bR ek, 7 d LLJS il b Bz i i e B B
B, 14 d Bk (K 2), UUJE R8s m ik,
VEGF mRNA = %2 7 fili 0 5] By 2= 3 , LAl 760 £ 4b B
/NGB R AR A 2k, 767 A0 M i
BN AMREA RSB mAL VEGF YL %
LA 5551 d MHERTEEE (P>
0.05) ; HARTE4,7,11,14 d BEéa 43R A ) B 2T
(P <0.05), %4 VEGF mRNA S #4555
1 dB S RAMER TR E M, HRTE4,7,
11,14 d SRR B ERTERA(P <0.05),
S mRNA Fk SRS R AT B Bl A 2
#2554 Kilg, VEGF 2 [l mRNA 4698070, I bl %5
T I [A] A R FF BRI, = A AN TRl R 2
[ Fik 2 F A BEME(P<0.05) . WK 3,

E1 FAFEXRMALAFARB-RLRE( x200), A5 H 1 d; BoEad | d, HHSRIEBUE R E; C.55%
414 d; D EigasH 14 A, Ifvgci W aL o i 1a] B ) S04 5 , B s AL, TR Y FE .

A

B2 WAMEARMARAUREE( x200), A:14

C B)

d 555 4] VEGF 335; B:14 d &% 4 VEGF £ik; C:14 d 55541

eNOS ik ; D:14 d %4 eNOS ik, 705 il WL 4411 VEGE 1 eNOS 3Rk Lo LA R kb
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3 WAFLEKRR1~14d VEGF mRNA . BEH K
TR o AR TR R, ZE DN AL BT 2 1 935 KT, h P30
WHEFOR . AT b7l mRNA 350K,y H 9L 5 B-actin
PCR 7Py & IR B IE (4% (* » " Fm i AL 4 4,7 d, 11 d
(35 5 — IR A L, b 22 S B, “a” FR iRl
VEGFmRNA #5575 4 d 51 dAHEL,“b"FnT7d 11 d 54 dH
Ho, o 265 14 d 5 11 d M H, W 2 S0 FUR 38 )
2.3 SERHERBERRETRMALR eNOS EQN
mRNA FRiXH T

2SS A A eNOS Kk F A TR GE
R 20 R it A PN B A L v A 2L 9 1 W 4 i,
AR, PR A TC B E e (B 2) o 1 d B
A 5 A A A eNOS & 1Kk T E 2= 5
(P>0.05);4,7,14 d B4 25 S 41K (P <0.05) .
{42 eNOS mRNA SF-EPGHEE 1 d 525 S 4 AH
Fb o #2254 d )14 d BFERs R di4 d fn 14 d
HIE(P <0.01) , WK 4. £5% 41 eNOS %5 [ F1 mR-
NA FBHB R RUT B RS AR RS 4 K
2, eNOS 5 [ F1 mRNA FikH- IR0, i E 7 5%
I PE) P A AT PE AR, 7 = S 2R BR 14 d LT
K A3 eNOS 2 [ F1 mRNA g3k, I 5,

4
IR o MR bR N Bl A, 22 M AL A S 8 19 kKT, 73
S FAR . AMIALFR Sl mRNA 2635 7KF, i B ALK 5 B-actin
PCR ¥ 2617 AL B2 LA (R A4 eNOS R IA I P a”
FORTEA dFIT A5 1 dAHEE, “b" R 14 d 5 11 d FEE, b 22

MHEFEKRR 1 d~14 d eNOS mRNA , ZEH R

S EAT BFEE; 5 eNOSmRNA ke, “a”£7R 4 d 5 11
d L, “b" R T d 54 dMEL, " FR 11 d 14 d 57 d ML, B
RS EA BEE)

—actin

0s

—actin

5 EHEMEARMALABNERRIEER. AN
VEGF %:[H ;B 2 eNOS KK, Hidr M i 25 Marker,100 bp DNA lad-
der;2,3.5,6 R 75 1d,4d,7d,11 dFI14 d B4EL 1,5 RIS
SRR A7 dFI 14 d S d. Kb 6,7 BANRE S 8 ML E
FH AR

AV

3 e

o
BPD J&t 7= L 2 0 1 2 98 il By 3 R BT
J5 DL BB PR ARG, 24 60% £7 i 777 LK
ARG . B K RBFITIESE, A R
TSR [ R 1 ke A, (R R L
FERTEAM . A IS 1 SRR R Y = A il
PO TR, PR R R T R SRR T AR AL
FEHA LIBFSE BPD K HLRI AR ke
FRgE (2 JH) 1 S8 R AR 24 I A BPD (9%
HAR PR AR AR SRR AR KR 60% 0,
TR TUGET BPD Kbl . s R EE 1 d Bl
SURHRA o 5 2s S TE W] B 25 9, v S 5% 4 d
J5 TF-0y HhY 30 96 i 35 ) 0 i i) 55 P 400 3 2,7 L
HH B ) 2 S AT AR S5 ZE L. 14 d R
S R B s AW KT IO,
J T AL B 36, i v JBR £F 2 Ak, I 2EL 20 /g
YA, Sl K BPD By AR AL

NS4 Rl 7 M, R R S R R R, M2
41 VEGF F1 eNOS [ 1 St mRNA 151525 41
L3 RS SeMEREIE. VEGE J& AT P 7 40 i 4 — 1
(A 200 43 500 A K PR T, T D 3 4 o A
FARAP N B AR Z TR R A
i VEGF 7ER 5 I Kz -1 Bz 40 i 22 18] 4 B A oo
EHEEEEP/EMR", Jakkula 2 % B, H
VEGF 3697 i S8l 45 4% sh Py A AL o] LA 1 il 3 P4 Bz
2 9 LB R R , R TR I 45 1) 2 G, A i
feit A2, VEGF JE KA 7 T LA &5 2L A7 2R, 42 ik i
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(9 L5 242 2, LT LA T 35 g 4 45 475 £ i 35
U OREIEE W], VECE 8 £ i 145 % 2, &
TE i 4 7 2 A L AL BT 7 14, O ELTE R R
Y VEGF 6 S5k BPD iy &£ . HFFEib &
P, 3% VEGE AR , X LAAS 1] 336 14 il 6 25 44 32
2R AR A B3R 0 A Y IR T AR S AR
SEIG L R R 4R % R i AR BPD B b VEGF
mRNA FI&E [ 3Rk 1) 2 ML R, FRATHEWT, =
AUG IR R IR A5 # 5 5 T Be S 2k VEGF {5
AL S e, Jakkula 25 BB T B A
5 VEGF SZARBHWT 1] SUS416 , fefeAilit & & it &
iy £ B A A/ AR bR FE— 2R T 2 41
VEGF {553 B BELAE T I 2 &

BT 45 R BN, & A B A UHE
VEGF ik HIFEAR, B4 5 Z A F17H) eNOS mRNA
FEFMFEIE T, 1 VEGE 1 eNOS i 2 i 1y
ME R MILFNER 2R e 2P, eNOS &
NO A B ) FR i, H =2V AR B R Y NO 7=
A 8 S HLAE 22300 . BiFaE 6B, eNOS F1 NO 7£
{REER RN B VEGF 55 I3 & A il 2
BFERT . VEGF AT LUE i 5 NO i B iy %o 1
I RO AL 3 R A R R . T VEGF
S A AR R FRA SEE E NO A S, Bz
eNOS 119 BRI 22 Bt AR A 30/ N 8l Ik 43 SCOAS 12 il
kA KA PR B A T R TR B L iR ah s
5T W, VEGEF AT L4 3 eNOS [ 33k I Hff
NO 43221 T ] eNOS BHH#E BT NO f45™ H
SRS VEGF 5319084 223 4Rl 48 & A=
YER o TRIRE B 45 SR 78 1 1A S 36 A o 45 B IE 52, 78
eNOS i FR/N BRI, eNOS 335 19 Bl 2k )™ 5 5 3
T VEGF S ME k4" . &IEHFFE %M NO
A HETE 22 S 5 R A AR K A AL 7 AR
L gl e VEGE f5 5 il g = AL LA S , )
A NO HIR] LAG A il 4 1 % R & T e e —
S B YRR I S S R T v AR R R U TR A
NO A] DAyl b 2 Bt 473 , ek 4 A8 A 453 40 AR, O
LA 5 E AR I A B 25 AR ) . VEGE-
NO 5538 % AT BB AE R B 2B J5 5 B i il & 7 ol
B PERIE Y

R R SR 45 8, o] LLEWT, VEGF {5 538
BRI RE & i 4 eNOS [ Z 3K NO P29 it A4 i,
RVE 1 il v RS 0 & B, T AE BPD [ & 0 i 2
H1, VEGF-NO {553 % 1) 32 BH v] fig 2 A G &=
o F= R BPD BRI () iR A5 4l S H A
MLAE % 7 RO A B R 4 D AL, AT RS by T s 4

ils P — 28 5 5 PR B 300G -3k T VEGF 1 T, 3
fifi VEGF {55 1% 538 B 52 BH., P 1 2 3 eNOS 1)
A Ak s b SLAE A NO BT, B T IR 2
51 NO 25845 I 48 A K A 6 Ak L R 3 v o8 2
(I TRE , 52T 20 A8 & A Rt Ak e AR 5, A
BPD'** | VEGF 45 eNOS ik B ML H AT 14 A
THAE T SU1498 BHIKT KDR 52 {4 1% 22 B 8 , B W]
BHWT eNOS 1) 98, T S 44 T B 22 (43I 4% 3¢ B ]
fiEJe: KDR A2 (K% T eNOS By Rt o 1 o 8 5
5 HLAR N 30 VEGF FehRRE B IRTE e bl H
RN R, TR = A5 5 ] F 2 (hypoxia-induc-
ible factor 2-alpha , HIF-2a) B3k Z3HIH 5%, M
L 0L

AR SCAS JE Z A AE T 5256 T RS B 1) 55 46005
VEGF F1 eNOS fiiZ] 23 NI & 35 1% B [|] 28 fb A R 22
WFIAILIG 7 A 45 5, 5 K BPD A — 5 (22 55
ZEITHEAE T, P A AR B AR IS 45 R ot 4
FIEPIE R OC R A — L S AR o
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