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(AZE] Bo WREAA B BH#IE -2(human B defensin-2,hBD2) & RiFSXAEMEAE FAR(BPD)HERMA R
fmELXEMNFE, FHik 1548 A4 SD AREVSATEH. SEAE . SHAEEF hBD2 A, A 12 Ry ARBET 0%5S
F8M 14d B3z BPD 2% ,hBD2 AT 5 4 REEFREAN 1x 107ml &F hBD2 REEFMNELHRE RS 25u, EHEHEINEES
HIEBRRS, T8 7.14 RREMALRIFAR, gPCR #&MEHZALR hBD2 mRNA Kk ; Lt R B AR R ARATRSF T, NEMBESIR
THEU(RAC ) FIE ¥ A #F B BB (ML) ; o & 2B 10 M E i 4R 4R I B 9 B2 & K B F (VEGF ) 3Ri1& ELISA SR E M B R K FER F TNF-a .
IL-1B . IL-6.IL-10 FILKF, SR MEFBBEINESRIFEN 1 x 109, AHFEERHEFE 100 F5BE 1 x10/ml, EXREER
¥ 714K, 5hBD2 AR, ZSE. SEH . SHEHKR hBD2 mRNA RiAKEWPE XK, ZSHUERITFENX(1Y P<0.05);
B 714 R, 5EAMSHEEA AR RAC.MLILAOD . TNF-a .IL-1B .IL-6 FLIL-10 BFAKFE 5= SH . hBD2 AL RE R
BHRITFERX(HY P<0.05). HE R B REFANECEREFASERERARINER MWD E X S 2, BD2 AARIMEMMMLELR
BENE, it hBD2ERSGTURHSEIFS BPD AERNMEEMNERE , FTREMEBLE.
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Effects of recombinant human B defensin—-2 gene on alveoli‘and pulmonary vascular development in bronchopulmonary dysplasia
newborn rats YANG Jiaojiao, CHEN Cuie, SUN Yuanyiian, et al. Department of Pediatrics, the People’s Hospital of Cangnan, Wenzhou
325800, China

[ Abstract ] Objective To evaluate thé effect of recombinant human B defensin-2 (hBD2) on alveoli and pulmonary
vascular development in hyperoxia induced bronchopulmonary dysplasia (BPD) newborn rats.  Methods Newborn SD rats were
randomly divided into air group, O, group, O,+Ad group and O,+Ad-hBD2 group, each group containing 12 rats. The newborn
rats were exposed to 90% hyperoxia for 14<days to establish the BPD model. The rats in O,+Ad-hBD2 group were injected with
1 x 10”/ml recombinant hBD2 gene25ul through intratracheal puncture on P4, and the rats in O,+Ad group were injected with the
same amount of adenovirus. Lung'tissue samples were collected on P7 and P14, and the expression of hBD2 mRNA in lung
tissues was detected by gPCR..Lung tissue morphology were compared, and the radical alveolar count (RAC) and mean linear
Intercept (MLI) were determined. Vascular endothelial growth factor (VEGF) expression were determined by immunohistochemical
and ELISA method for determination of lung tissue inflammation factor TNF-a, IL-1B, IL -6, IL-10 levels. Results hBD2
MRNA expressionilevels were significantly lower in air group, O, group and O,+Ad group than that in O,+Ad-hBD2 group on P7
and P14(all P<0:05). The expression of RAC.MLI.VEGF(AOD).TNF-a.IL-1B.IL-6 and IL-10 in air group and O,+Ad-hBD2
group were different significantly from that in O, group and O,+Ad group on P7 and P14(all P<<0.05). HE staining and immunohisto
chemical staining results showed that alveoli and pulmonary vascular development were obstruction after exposed to 90%
hyperoxia, but alveoli and pulmonary vascular development improved in O,+Ad-hBD2 group. Conclusion hBD2 gene therapy
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can promote the development of alveoli and pulmonary vascular in hyperoxic induced BPD, and reduced pulmonary inflammation.

[ Key words ] Human B defensin—2 Bronchopulmonary dysplasia Hyperoxia Alveoli
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YEEMEBEAR (bronchopulmonary dysplasia,
BPD ) AR IR AR H A= AR )L i DL A8 0 R, 22
Iy i v 0 1M1 A8 7 S22 PR, T AR R R B AE T
=% BPD TG 22, [ LA By & A il ik g il 3h ik s
JE, JF 2 R 58 M AR KA, BT BPD BRI
Tt A R, PRI, ST AG YT BPD 1 J7 ik B OCH S B
it 2 -2(B defensin— 2, BD2) &P W kH— B2, BA T
TEPURTE M, BRI T WPIGE | R K ik PR A FE TE Y
RO b R AN, Al SRR SRR N T R AR, O3
M AAEHETE AN k. A B B -2(human B defensin-2,
hBD2)7E 2P0 45 il B R il e v 2T 4 Ak 18 1 RH
FEM: i (chronic obstructive pulmonary disease, COPD)
S5 I PR v A T A U, S R e A ) S
T IL-18.IL-6 IL-8 Fl TNF-a )31k, R SR AT H
5 [ A5 510, A S 65 e ST s 4R B BPD B
B A H 2 hBD2 B R g Ak U ZH 41, it — 2
T hBD2 Xf BPD il K i 1. %8 % & (9520, i BPD,
TRYT ST B B A

1 #RFTEE

11 S28shY)  SD AR R A Ll ses sy .o
[SCXK(7)2012-0002], LA #ERE L 2:1 i b & 8 52 e E
Bl [ IRA 7 AT G RISy A AR A2 BB AE SD R BR,
It 48 H KT 6~7g.

12 FEAESAR] Fe AR RS (RN ER
REEALAESLER ey ), 240 HBO-2B A5 AN CHT T 24
3 F A 23 A ) AR B (7 ] Envite C-Wis—
mar A 7)), LU (F8 [ Envite C-Wismar 23
#)), TG radient Thermoblock PCR ¥ % {% (1% E Biome—
tra A L), BRR R 2R GVI3S( B UL AR,
E.col DH5a J&Z &R (L PLEEE A H] ), Lipo-
fectamine 2000 ( 32 [E Invitrogen 2~ F] ), 293T 4 fifd ( I
R IR A, W 2 (L SE S A RHEA
PRAT), 4% Z R W (LR EYRHEARA ),
PBS(HTVLIER A MR A PR 7] ), Trizol 2L (HT VL
T EWRHHA R AT, 3% B AL 0 (VL4
R AT IR D), LRI B AR K T Cvascular
endothelial growth factor, VEGF) #3824 AL 155 & — bt
(3&HE Abcam AT ), —Hi PV9001 e flil F —Hiidi &
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Vascular endothelial growth fac—

(e SR AEMHR ARG AR, RS OR e
W (DAB) (At h A2 & B ARA FRAF] ), TNE=a,
IL-1B.IL-6.IL-10 ELISA #hizGal & O Mo ERHE AR .
1.3 shiiReE Sy omrdl ¥ 48 HR RILBENL A
For Az [ E A S BARAF hBD2 41 4 41, B
12 Ko S5UE T 20%F WK E Rz, b 41y
BT 90% 1Y 15 FAH N 14d.<hBD2 4122345 28
SEBENTEASH 1x107/ml hBD2, F1 Z it I K] 114 #1241
HRR 7 25ul; 2 B A v NS X IR B (AR
hBD2 Zifih B ). ilRdEHILE 20~25°C, 47 3h# 12h
JGHR/12h SRS S I 5T, B H JFAE 1h, BRE OISR R
RS B e LR

1.4 hBD2 SR RE R AR . hBD2 JE[H 5 | P4 i
ks AR M i, JRE BT IS IR 51 i)
A BamH1/Agel BVI0OL 8, 5190750 0 LUFs 195 -
AGGTCGACTCTAGAGGATCCCGCCACCATGAGGGTC -
TTGTATCTC-3', Fii#51%) :5'~-TCCTTGTAGTCCATAC-
CTGGCTTTTTGCAGCATTTTG=3", LAk ak 1 i MR AR
HE4T PCR ¥4, k43414 236bp Y hBD2 cDNA. ¥
hBD2 ¢DNA B HIE S B A S OIO6EN (GFP)R
ICHIR PR T A GV135 I, 554k E.col DH50 Jik
ZASPERR T, T BH A R, S RS BamHI/Agel
PO S 5 I, 45 2 1E 80 B0k ff ] Lipofectamine
2000 F 23k hBD2 F ik 75 265 (A T s 7 6 28 SR TR
B IR EFL YL ) 203T 4, 256 WM IS GFP %
IRTEAS A ROR , 10~15d Jo (s B3 D I S 4 i i
-80°C/37°C) B URfilt, =% 3 UK ,4°C .7 000r/min 5.0 UL
SEIBE LIV, SR 0 A R Tk T i 2 32

1.5 WARE S TREREAES 7.4 X, B4k
BLEL 6 HK R, 1956 L 240 0.01~0.02ml/g [ s 3 4
SRS, AR DT R s B Bk, b 4 5 B R 208 LA, B
Wikh, FTIF, ZRERILSL, Z5FLAM <, U
4% 2 TP EREVEZEMT IR 4% R P REE 2, BT 4°C
UKFETRAT , FIVERT L OB 52 At S e e Al A il
BT -80°CUKFI AT, FITERI414 qPCR K ELISA Kl
1.6 filigl4! hBD2 mRNA KKK SR qPCR
Pio BL-80°CUKAR R AF I K BRI 41412 100p.g, Trizol
S VB ZH ZUE RNA WG 53545 ¢DNA, FEE T
20°CURFRRAT 45 FH . R 7 500 RT-PCR &4t SDS %k
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4 KRR 27220 J7 ek hBD2 mRNA kK ¥, 45 5LHL
FHIME

17 MHALUEEFMEE 4% R P EEREE 24h )5, 1)
WAt CEEERAR K, A, HIE 4~
Spm Y15, 4 HE Yo Jq Wi SO LB TR,
i BB SCRIR A% 7 s, I 5 il 9048 SR T4 (radial alveolar
count, RAC)MHIMEX Py 4f [8] 7 (the mean linear intercept,
ML,

1.8 it VEGF Rk ARG R S Ak
JZH 200 e J s Fe 5B A2, 3% AL SR AL TR, 1l 775
B, —P 4CiE (A E R 1:100), PBS w5 A —
Pi,37°CHEE 50min, DAB & (%, FPVERI G5 A, 55 0
%<, FH PBS B —HTAEBAMEXT B . "R Image—Pro Plus

6.0 PGB EREAT /0T, TR LT Y B 2L (51X
I A 2406 B (AOD)ME, K Sk VEGF ik 7K.

1.9 JHiZH4 IL-6 IL-1B .TNF—a . IL-10 7235 K A6
K H ELISA ¥ FRit 2l 418 100mg, N A TR 0.9% 5
FRENER W 0.9ml, BY R 2 2L He J5 (5 20 30 48 h il 48 10%
FRIZH 2509 AR TG 3 250 15min, B 500l B9 135 W
25 He R A A RH BRI 5 9 0E R T 2RA K.

110 GeitepabEE SRAH SPSS 22.0 Geitdift, HHEWE
B zesdn , 22418 FLBR TSR 30 2850, T L
BER LSD—t K. P<<0.05 WERAG 245

2 #R

2.1 T4 hBD2 FEFME VAL SRR Z  hBD2
FE DR e gy 24h J5 BIVRT A2 0 1 1o T W58 214 A 4
560 293T ANA, LI 1CHRIT ) , B B s B vk I o2
3 BE T BN 1x10%/ml, 5 BEWOR B 100 F5 45 51 1x
10"/ml .

22 44 KEH4 S hBD2-mRNA Fik/KF b 78
KEHA G 7.14 K5 hBD2 HIHLE, 25 A = A
H . 2R hBD2 mRNA k7K 2407 B H 1%,

SYAGIEE L (F P<0.05), L5 1.

R AHKREMAZ hBD2 mRNA ik /K F

2.3 4 HKRIHEBHHE AHLUERERR,
Bl 38 T, 23 S R BRI 41 40 % 8 320 0 A, il v B
W2 s R A R s AR ALES 7 OR R AT R4 38 it vt ] A
Ak, BN R iyt B AR, AR I fL Al 55 14 RIS &
B2 PHIN G BN EA &, Iy s, B H kb, 254 25,
1M hBD2 2Lt & B SZ BN B &, DL T 2(4 02 ) 565 714
K, AL ARG KB RAC I MLI 525 54
hBD2 2 Hei 2= 358 e iAo L (35 P<0.05) 3% 2.
F2 4HKRBIFHL RAC & MLLERES

2151 n RAC(1) MLI(pum)

ENPN 14K E NN 14K
WM 6 770+1.52  10.12+2.69  5558+143 4158 +7.35
B 6 491+149° 6.03+136%) 71773392 72.08 £2.41"
ZSEAAL 6 452 +£138°  628+1.05° 72.08+4.01" 73.67+3.56
hBD24l 6 655+1.71 233+095 57.02+187  47.83+3.31
F1H - 5.67 8.93 59.32 77.96
P1E - <0.05 <0.05 <0.05 <0.05

T 52 H, 'P<0.05; 5 hBD2 21 [L#5, “P<0.05

2.4 AR VEGF Fik/KFEHb#  filigh 4
VEGF s AL ()5 /R VEGF £ Z K38 T i -
BRI, B R B H 8384, 258 KA K RIGZHZLVEGE
FEIR BB WA, E A S s AR K B4 48 VEGF
FeIRm T, WE 3T ). 5 7.14 K, mE A s
A2 R BRI 40 4P AOD {27 B WA T 23 A< 2 A
hBD2 4, 2 5 ¥ Geit2# 3 L (¥ P<0.05), L3k 3.

£3 KEUHZHZ AOD {EHELE

21531 n ENPN 14 K
=RA 6 0.16 + 0.007 0.19 + 0.006
[=E¢ 6 0.11 +0.009 0.11 +0.007"
SR 6 0.11 = 0.007°2 0.12 +0.006"
hBD2 4 6 0.15 £ 0.007 0.17 £0.017
FH - 72.19 75.63
Pli - <0.05 <0.05

2401 n CINPN 514 K
2 6 0.36 £0.07° 0.56 +0.19"
T L4 6 0.33 +0.04° 0.48 +0.20"
ARG 6 0.32+0.05° 0.56 +0.07"
hBD2 4 6 0.56 +0.08 291 +1.11
F14 - 19.22 27.46
PAE - <0.05 <0.05

7.5 hBD2 4 b, "P<0.05

5235 A, " P<0.05; 5 hBD2 4 HbEs, 2P<0.05

2.5 4 KRR TNF-a IL-1B . IL-6 Al [L-10 Fik
AR 5 714 K, R A A Mz 3R il 41 41 TNF-
a IL-18 Fl 1L-6 335 & 25 <4 M hBD2 41 , 22
SWE G E L (W P<0.05);55 714 K, A 23
AL hBD2 L 1L-10 Rk E TESH, Z 5
BGitrm () P<0.05), I3 4.

3 it
T JLIE R AR R L A I fi 7 i A FSL
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R4 4 QKRR ZUIAE TR KK L (pg/ml)

- TNF-a IL-1B IL-6 IL-10
k= n - - e s

TR 514K CENPS 14K TR $ 14K BTR 14K
ZRH 6 26176 £21.62  24636+23.89 474625+ 1720.89 463346+ 1758.74 94.60+4.12 9045645  62.89+4.04  58.92:436

A4 6 335.18+£9.99 357.03 +13.70" 8837.10 + 1205.90** 9854.68 + 967.92"4 108.80 +9.91" 114.83 £8.31™ 86.13 £5.38°* 96.71 +3.43"*
IR 6 333.11 £ 13.82" 356.58 + 12.74™> 8078.48 + 1205.90** 9830.86 + 661.58"> 113.58 £+9.69™ 117.15£9.46™ 84.15+£5.42"" 98.65+4.74"%

hBD2 24 6 278.33 £40.15 224.00+15.40 3183.00 + 335.50 4507.65 +1706.35  95.01 £9.69 90.71 £7.21 108.47 £ 6.67" 132.88+691"#
F{H - 14.33 93.90 29.05 30.14 9.87 20.55 69.66 86.58
PH - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

W 5 A E, "P<0.05,"P<0.01; 5 hBD2 41 [#¢, 2P<0.05

Ab T/ INEH A SEAE i SRS e Dy he ™ A7 R
1, FR U e e R O R ML SO R R L AR
AESR DTG 14 o [H 2 o v B W AR s A UG AR s 1 7™
IR AR, I3di75 BPD R HE4ETH P, BPD
FilJG 22 , 45 Ty b R M ek g i sl ok v ., [ Bsf 5 e .y
WA RE R BT MAERKKEE

B2 R e o e R M PH 8 1 0, B 16~
50 NMEEERR , JB THURBKEIE , T IZ A 1E T AR B kAN
FhIE L Rz A, A A R ) A SRS
JERES T ML G B N7 K B iR 4y T & 5 T AR
FH.hBD2 J&57 1 A& BLAY AT iA 3 A8 (BT B Ak, HonT
IR AN AW BRI 56 B 1 | OSBRI S 25 1 DT &
FEE B KR AE R, JR i 21 & A RAE R N, hBD2 &
TR, 4TS AR TR AT R TR A e SRR Tl s
PRI FICIZ M T AR E T, =20 R ¥
FEVTFIBTARAE RN, WF5E &I, SRl 4 K RS 7Y
JfZH 28 hBD2 [ FRIAHG I, HRIA 5 TNF-a fFRIAK
FRE ARG, 78 hBD2 X S ERdi b 45 2 A PR3 Ve RO,
FEFTHSEA R rp AN hBD2 BT R0 4 R 11—
4 IL-10 1 1L-13 Fik , IR F IR R A F 1L-1a 1L-18
IL-5 1L-6 .IL-8 . IL-18 Il TNF-a 35, 1E52 T hBD2 #]
3 2ok R S S RE BT, DA T o 55 i 0 gk e 1214180
Starner 255 K B P~ JLITZH 2 hBD2 ik /b, 1M
fEH UIEHZY hBD2 ik wr B B3N, $##78 hBD2 nl{E
iR B A BGAFE PR Z —

RIEAE BPD KA kR R Z — YA A
(R 2 6 T e SR RTINS o I 4 it , 48 M 4 i
R, S0 il A 0 R R A2 BPD, I R
FERHL, B BPD XU S L Hh s AKOE RS 2R 1)
ZRPREA AR, Koksal ZE08K6 0 1 102 491 57 )L
137 FN S A I R rh S8 RE [ 77K F, 7R BPD
B L35 0 S S M BRI T TNF—a  IL-18 1 IL-6
Y1 FAE BPD &L, Ui LR 4 K17 BPD &%
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AT RER I SCHEAEH . Oncel 285 B TNF—a #5140
VG BB A3 e SR R 1 U 405, St i 76 s 2, 41 il
PN, FEI R EAL R I, & BPD BRI ER . A
S5 B A K B B T SR AR S s BT I 1 AL
FIA RAC Uk /D K ML 3K, AR, Al 2 224 R K7
TNF-a . IL-1B . IL=6 &Ik /KF-FHEr, S hBD2 A1
B RAC, 98/ MLL, S8 il & &, 0] F 8 TNF-a IL-
1B Je W-6 Rik . BEAEIGIRAISE R, & BPD (R L
A 240 K 2 R I TL-10 ZKFH] A% TE BPD
By LB A SE SR IR R B, AL 1L-10 397 T8 EE =
SAU0F e BRI 11 RO 4 L A 403 4520, AR S e il 26 2410
H T TL-10 16 = A M =5 iRl i s AL T,
hBD2 4 F K H &, $R s A A5 T Bk BRUnT Rl 1o )
LRSI TL-10 R IR A6 SRE S i, B AE PR,
hBD2 A] i@ i gt ZH 41 1L-10 3k, ghmibgsm Ham 4
YEM.

VEGF J2 L8 N Bz 20 REARF S 1 A 22 03 24 i i oo
R AR A S IS P R AR SR B AR AE A RN
Al ARG IR LAAE J5 I A A K R B &
SCHRA Y R, #E S AE B IR A Ml D) R rh & ¥ B
BAERP, VEGF 23k 7K -] F 5 i i i 4 K it &
A 7€ BPD Wy kA K Jh & 455 FEAE M . Been 551
FARIE , BPD LIV T VEGF ik /K F-BH 41K
T4k BPD &L, HFRBIKTHFEE N RS, 7ERF 2 BPD 3))
YA IR VEGF ikt B Ik Fas S0 Rglee,
AN VEGE 7T 038 v 5857 300 i il 6 B i i 48 % &
ZBHPY, ARSI R AR K R R T v AR
L VEGF kgD, $m Il 4 & & 2 B, i s J5-pE
hBD2 T-HiJ5 , izl 4! VEGF 235 THE , #2775 hBD2 7] i
S e ST BB AR U IS K 2 R

2¢ F kR, hBD2 v 2 3% BPD Ak Bl il v A il i
KB ZM, 5HBTRYLFIFSE, SLiF5E A BPD jRY7 $24t
THTESIRYE . RIS S sEgs T, B E K I T AN A5
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