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[(HE] B& SPRBUESEE FE5 T400 ( BMSC) BRI A7E SN B AS (OIR ) A K R ALK
JECHT A LA B 520, I B R IR B 4AA S I 1 1o (HIF-1a) | MR AE KN (VEGEF ) k728, H
BMSC I FRYGYY OIR FEAERI SISk E . ik 1 72 H 7 B % Sprague-Dawley 5574 K BUBHHL /A 1E 5 6 E2H
AU (OIR 41 ) 55 BMSC BAfiZH ( BMSC 41 ) o #4M5F% BMSC, RS54 i OIR B8, #8845 d ),
BMSC HATHIBAR N SRR BMSC, BoAft)a 7d, RAMMBEET A%, JRAKS - frardeta (HE) 4600 BMSC
FEAEXT OIR 3 AR K B I 26 A8 (R B2 i 5 e RE LA 45 & Western blot I8 BMSC X} OIR B AE K Rl o)
JiE HIF-10 J2 VEGF 25 FAZIRIE M . G5 R WL B4 R 45 SR 1E 5 % B ZE A0 I S i 45 HE 51 4 5%, 1T OIR 4L 1M
FHEHN AL, TR O X, BMSC 4 AT WoR A FEIE RN, M HE AL, JoRE i X Bl HE
6,72 30 OTR ZELA00 P68 Py BT LA e A4 M 4 B A PR ST A I A I ( Pre-RNC ), BMSC 140 I P St
A 8D, H pre-RNC AU /0T OIR 41 (P<0.01) ; A4k -45 5% OIR 41 HIF-1a AME S VEGF
PHPEAN IR AR 2 T IR XHE4L, 11 BMSC 41 HIF-10 FHYES VEGF FHMEANIEEES 55 >F OIR 41 (P<0.05) .
Western blot £55 7~ OIR 41 HIF-1a 55 VEGF £ (123K W35 5 T 1EF 6 IR, 1 BMSC 41 HIF-1o0 5 VEGF &3
KR FEMT OIR 41 (P<0.01) . Z5i€  BMSC BEISIR AR ATy OIR A= K UL I RSSHI AR 4 B B, AL
il T HE S HAMH] HIF-10 K VEGF 28 365 4 X [ hEL/ILRIZE, 2017, 19 (11) : 1202-1207 ]
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Effects of bone marrow mesenchymal stem cell transplantation on retinal
neovascularization in neonatal rats with oxygen-induced retinopathy
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Abstract: Objective To explore the effects of rat bone mesenchymal stem cell (BMSC) transplantation on retinal
neovascularization, and to observe the changes of hypoxia-inducible factor-1 alpha (HIF-1a) and vascular endothelial
growth factors (VEGF) in rats with oxygen-induced retinopathy (OIR). Methods Seventy-two seven-day-old Sprague-
Dawley rats were randomly divided into three groups: normal control (CON), model (OIR) and BMSC transplantation.
In the BMSC transplantation group, BMSCs were transplanted 5 days after oxygen conditioning. The phosphate buffered
saline of the same volume was injected in the CON and OIR groups. The OIR model was prerpared according to the
classic hyperoxygen method. At seven days after transplantation, retinal neovascularization was examined by retinal flat-
mount staining and hematoxylin eosin (HE) staining. The expression of HIF-1a and VEGF proteins was examined by
immunohistochemistry staining and Western blot analysis. Results  The retinal flat-mount staining results showed that
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the vessels were well organized in the CON group, but the vessels were irregularly organized, and lots of nonperfusion
areas were observed in the OIR group. The large vessels were a bit circuitous, the retinal vessels were relatively
organized, and less nonperfusion areas were noted in the BMSC transplantation group. The HE staining results showed
that many neovessels and preretinal neovascular (pre-RNC) cells were observed on the internal limiting membrane in the
OIR group. There were less pre-RNC cells in the BMSC transplantation group compared with the OIR group (P<0.01).
The immunohistochemistry analysis showed that more HIF-1o0" and VEGF" cells were observed in the OIR group
compared with the CON group, and less HIF-1a" and VEGF" cells were observed in the BMSC transplantation group
compared with OIR group (P<0.05). The Western blot analysis showed the expression of HIF-1a and VEGF proteins
in the OIR group was significantly higher than that in the CON group. The expression of HIF-1a and VEGF proteins in
the BMSC transplantation group was lower than that in the OIR group (P<0.01). Conclusions BMSC transplantation
therapy could alleviate retinal neovascularization in OIR rats, and its mechanisms might be associated with the inhibition
[Chin J Contemp Pediatr, 2017, 19(11): 1202-1207]
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of the expression of HIF-1a and VEGF proteins.

Vol.19 No.11
Nov. 2017

inducible factor-1 alpha; Vascular endothelial growth factor; Neonatal rats

L JLAL M R AR (retinopathy of prematurity,
ROP ) o2& — T b FE P A0 IO s A2, 2 H i )L B 5
B R, EE, BiR ROP X/ )L
RAEEEZ X, T ROP MMM % F 5
TR, RIS A A R AR, H
JEASFITIRE S, PR, W8 S i 4G A A 2 1
2 ROPIAYT Y E R, AIFSE R BB R A) 5E 5T 40
fitl ( bone marrow mesenchymal stem cell, BMSC ) H}
NS A AT 5 S5 T O RO 2 (oxygen-induced
retinopathy, OIR ) A R /55 K R AR 18 40 0o A5 44t
AT S, BRI, BMSC X OIR Kk BRUBr A= i 45 1
S L HT M AN 2 5T R B BMSC Al AR gk
Y AR A R A A R 8, O BB A2 2k Ik 4 5T
PRI A BB O, HIF-1a Al VEGF 2538728 1 4
MR VI G R RR B F, HIF-1o 3075 VEGF 28
PRI, 1 VEGE 3k s S8 A i i 4=
o WUOABESE T BMSC B X OIR R B 9 i
BRI B0 ;. HIF-10/VEGE {5 53 # 5 ROP
SBILHTAE A I B IAROE 7, SR B R
i BMSC F#1 %+ HIF-10/VEGF {55 553 fifs 1 25 5
4y T HIF-lo. VEGF 2 1R, LI BMSC
K 3697 ROP SR = A B AR A

1 #MREEE

1.1 Wiy RESAE

{# FE 7 H % Sprague-Dawley (SD) 4 K K
72 H, MEMEARBR, fREN 12.1~15.5¢, KPS N
IEFXTRAL . OIR BLAIZH F BMSC BAHAL (n=24) .

1.2 FEMNFESIEH

2 I ESIYER (DYC- AL, fPESHA
HETHEEAFL O —WFFAT) , 1IEEZOLE M
(BX-51, HZ OLYMPUS Al ) , fb22k 6%
MRS (FluorChem HD2, ZE[E Protein Simple 2
A ) 5 YT E HIF-1a —400 H 3EE Sigma 2AF],
YLK VEGF —$11 H € E Chemicon 237, 1L
Fhise —Prl & [ 6 Az S A A
Fl, BRI E AL AR IO 1L SR PR P H 36
Jackson ImmunoResearch 2> 7], GAPDH Iy [ 3£
Proteintech Group NE), ECL AL &G &
H 3 KPL /A A,
1.3 OIR &K FIE

% AR Sk I OIR AR 7L 10, r A R B
A JE 4 h FIEE B — R A 4 B 3l R 3l Ak
N, BERSHEE 50% +0.1% 5 10% £0.1%, 4
24h VIR, HELETANER)E, BIESE 144d,
B s SH AR 4 d, SN, B4 12h
AT R
1.4 XKFR BMSC HEIMEFF SHRIC

4 JEWS R SD KR, SHEW FALSE, 75% TG
IKCBEER L S min, TCEAME T B KRS . B
Bt ep i HE B8, 2.0 10 min, 3 B3, HAEE
RN A B W, 200 HUE W L&, KA WAT, JREE
M TN 1 x 10° 4 / mL, RV TR, BT
37°C. 5% CO, {5354, 24~48h J5 P, LIn
B 2~3d Il 1 IR AL 3~5 1R BMSC 17
Hoechst33324 #1ic, 24 h J5Fefy ',
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1.5 R HE K ERAET

BMSC B AE 4B A KA IS 12d, 16 IR
S5, BRI A 3 x 10° TG 40 2 ul, 7
I ESE Y, RASUTE A SR BERERZE ih
W (PBS) , LI RIRFRIEY., BHG7d, &
20 K BRUNE Js PR T o BB v, JRIRUIR B, il i R
ORI VKRY) - (RN 16 pm ), IEE 5O
T g B
1.6 HAAGEBRYIFHIFIE

FHTHMHEE 7d (RIA)E 19d) 5351H 8 H
KA, MEERREE, O MRS IR ER, 25 A I
AR, BT 4% ZRPEPEESR, AR
AL, VAT AR 2R 2 R Al L LA - T 4 A )
MEHEATEI R, JRREN 4 pm
1.7 RIS - ROEE

A7 W) R B 2K, Harris 95 AR Z WL,
BT IR, 10% HR LNk, B OmERE
K, 1% LT, 95% LB, ok ZEE
K, ZHIREH, thHERRE R, A
FRFTH A M A ( preretinal neovascular cells, pre-
RNC) , # H KRR sk Ul A (BEFE S 5K
YIRE kY ), IEE SO B S PSR,
% pre-RNC % 1213,
1.8 SEALEKRN HIF-10 B VEGF EARIZE

A M) F o 2 K, 0.01 mol/L ¥ #5% 1ig £5 25 i
W BB 5 PR 2 WK, 3% H,0, 25 6 P U5 M 3t 4R
AEWGE, TFHILE S 37°CE 1h, 490 A%
BT K B HIF-1o (1:200) 3% VEGF (1:200) — ¥,
37°CHEHE 30 min, 4CUKAHIAIT, 0.01 mol/L PBS
Ve, RTINSt — il &0, 0.01 mol/L
PBS wh{kJ5 DAB &0, ZEE T AT UL 40 A% 5 4 il
WY kR, PR E R 1EE YO8 BB
TIARER, BRI 4~5 TkARE LY B (B
B S skUTREC L3k IR ) L A5l HIR-1a 41
5 VEGF" 4ufugs, JFtaH P,
1.9 MRS EWE BMSC %t OIR X R4 M
FE T A 1 & B 220

FHTHMEE 7d (RIA)E 19d) 535108 H
K, BEEERREEG 28O0, 20 EART,
FERRPUA S AR BORERAUR, BT 4%
Z RPN IR, Foba M R SRR, s
PRI, W b BF . WL WU POy By
TERL IR BRI 20 e, R B B, IE B Ok

WA ST IR,
1.10 Western blot j£#& il HIF-10 % VEGF & H
Fix

FBHTFHAE 7d (RIAJE 19d) 43 8 1
KB, RS IR ER, 2 A BRI I 5, i Z&UF
BEIF I A H A AR AR RIS R A, B
W5 G-250 Yo vk E i 10% F 7AW I B 43 5 e o0
BRI R PDVE L, 5% 4= 35 £ 5,
A HIF-1a (1:1000) . VEGF (1:1000) 5%
GAPDH (1:10000) —¥i, 4°CoKFiid”, 0.1%TBS
(0.1%Tween 20+0.01 mol/L PBS) ik, hn ABAR
o E ALY AR IO R LSBT =T (1:2000) , =
Y FUSHE 1h; 90, 0.1% TBS gk 3 ¥k, ECL
b2z ot ot e RO UL T RS 57
B s DG 8E BEAE, S5 R DL H B 55 AT T NS
GAPDH XS FRR RN
111 SFit=ESH

K HH SPSS 18.0 St A v B #1148 122 4
M, THEERAE + brifEE (x2s) Fom, £
2H (8] HL 3R L R 7 22 0 W, 4L TBD R 7 EL R
FH SNK-q K256, P<0.05 HEFAGIT2HE L,

2 #R

2.1 BMSC ##aEHIER Rl

AJ19d (BRI BMSC BAd)5 7d) , IEESFOL
S T AT UL BMSC ZH K FRURS R8I0 fisfufr 2245
AIMJZE . WAZZ 0] UL Hoechst33324 4 fifd, 4y
Gl (o, RAAIAR W, Hoechst33324" 4l
2.2 BMSC #4E %t OIR -k FR#0 W f5 7 4 I B R
Al

TR Aty 325 7S Ll B 2 R BRI T B T I,
L 3 A 25T B AR ZE ), 1 A8 S22 J0C S DR 0 )
Hiu e B AES T OIR 4 A0 451 6l B 4 1 45 P4 28
AL LR R JoRE X, AL R i 45 e A7k, A
YK, JE R B A RIS, BMSC 41
JCUEVE DX B /b, A RS ot 4 i AT R o
LI FEE 1M A T LIRSS (T 1) o JRACKS - DL
Yot ik IE 5 X AL /D UL pre-RNC, 1 OIR 41
n] B K & pre-RNC (73 +8.2 /) , BMSC 2 pre-
RNC(56 + 6.9 1~)B /b, B3E/T OIR 41( n=8,
t=4.4867, P<0.01) , WK 1,

1204 -



5519 4 55 11 1) FE SR & Vol.19 No.11
2017 4E 11 A Chin J Contemp Pediatr Nov. 2017

MR

TAKE - L

B1 FAKRUAMBRFEMERRIERLE  SHORBH R 2558 (x200) ¢ 155 %L AT 0L i 24k
Sy aEIA]; OIR ZHn] WBANMA P2, KA JoiE X, MASHIEL, /5], BMSC AN FEIEM, JoHErE X /DT OIR 41,
BAMAEECDT OIR 4, MAEHFE OIR 457 . AU TIANS - P AZE AR ( x 400 )« 1EH % RELL ] DR/ R B A= 1 A8
OIR 21 1] DAL Z2 24 RLAGH A 10455 BMSC ZH2R 0] DB AR I AE | S0 A AR 3550 g A i 5808 OIR 201 il , 43 A OIR 5],
i Sk R A A

23 ZHAKXBRMMWEE HIF-10. VEGF &EAHLAWK £1 KAXRMME HIF-10PA%S VEGF PE1%E L

R b (xxs, 4 /mm’)
G H UL 45 R HIF- 1o FHPESH A% G N AL n_ HIF-lo FAYEANIEC VEGE FRAEANHIAC
FRET, 1EF X R RS UL 5 HIF-1o0 FHME EHEARA 8 9.0+13 25032
o L OIR 4 8 56.0£2.9" 81.0 +4.8'
i ; OIR 41 7] WK & HIF-1o FHPESNM, H W% 8 " .
At B (P<0.05) : BMSC 4 HIF-1a K BMSC 41 8 39.0 + 2.4" 53.0£3.9"
Z T IEH X R (P<0.05) 5 = “ F i 858.4 388.0

P20 B Z 0 /D F OIR 4 (P<0.05) , {HAZZ T P (i <0.001 <0.001

Al
IEFXTHA (P<0.05) o WL, K2, HE: a7 A A IRATHCEE, P<0.0S; b 5 OIR 4114k

P<0.05.

15N IR 2 OIR #H BMSC #H

B2 KAKXKREMEHIF-10 B VEGF RIALR (fpedifl, x400) HIF-1o BIPEAN A% S AR 4, VEGF
FHE AN M A0 €0 T 0 HE AL A Do A DL/ HIF-1a0 BHYE K VEGE BHYE4IAR, OTR A0 M B AT DA 22 1% HIR-1a BHPE B2
VEGF FAPEZHHL, BMSC 2040 RIRETT I, HIF-1a FEE K VEGE FHEEZERE, {HI 5T OIR 4.
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VEGF 3% 4l 214k 2 25 5L 7R 40 i 2% e Jy i
@, MG N I H X B AL AL B DL /b
& VEGF FHE40M, OIR 4iv] WL K& VEGF BHI:4H
Mo, HEFZFIEFXEA (P<0.05) ; BMSC 4
{5e] WL VEGE FHPEAI M Ze3k, B30T OIR 41,
B L TIEHERTRL (P<0.05) . W#E 1, K2,
24 RAKXBRMWMEHIF1a K% VEGF EAMNE
BKFE

Western blot 45 % It 7~ IF 5 %) 08 241 AL 0, /D
i HIF-lo & VEGF # 1 3% ik, OIR 41 HIF-la
J VEGF & [ AH X £ 18 W 35 /& T 1E % 4 4
(P<0.01 ) ; BMSC #H HIF-1a M VEGF & H 19 4
XFF IR OIR /b, 452 T 1E % X I 4
(P<0.01) . LK 3,

1 2 3
s @R eossw — HIF-lo
A T WS\ CF

1.2 B HIF-1o
B VEGF

1EH X RZH OIR 21

BMSC £

B 3 Western blot #ill&4H HIF-10 & VEGF EA%
B LECHRIKAATE: 1N IER XYL, 2 8 OIR 41, 38
BMSC 4H; T B4R HIF-1o & VEGF 25 13634k o
il (n=8 ): a RS IEH TG HE, P<0.01, b R OIR 41 Hek,
P<0.01,

5 SRS A0 O I A IS T B2 R B ROP
S SR N P B = e < T o | = 9 A D v T |
JIEE FL 40 1M 48 TE R K B R A A8 1k ROP 1Y A A
BMSC 1] 41 il AR £ A5 A= 1l 45 O TE B, BMSC RE &
fEHE OIR BRI UM 9 IE W &8, WA I

IR, IR ML A Y

AL D) R T LU A s R A0 R IS i A )
BB, AHFFE &I OIR 1A= K B IR 1fi 45
ZAL, IR ETCEE X, i BMSC RS M
HEGN AL, JoPE T XA S disb, $7R K R BMSC
3 1A P S T D A FSUAOR X I A 1t A5 4 T e
IIAKE — P2 Yo o ] XLZ 5 1 A0 IO T P 5 i %) 14
B ANRAZ, S MR R 5 ) R R e PN B
) PO S A i A5 ARk, ASBIFSY B OIR KRR
Do BT A 00 A PN B A AR BB 2 1S, i BMISC
FERE 5 B A IS VN B A A B /b, ik — 25 uE i
K BMSC 3 B4 N B A8 T {2 #F OIR R AR I i
MENER, WH MR, (ALl BMSC
FEHIANRESE AR A OTR K BUAL I L8 A= i 45 ) S5
WA, R4 BMSC B AR nl BB Ut — 2 k3 OIR
(TR, BMSC AMUEA WD e, K2
PRy VERT, T — RS AL e i R Ar Rk,
REJE P& M BMSC 4 5 47 %2 ¥ BMSC (1 il 28 £
PER, JHEERMN RIS L E -

AR, BORBZ MR LI, VEGF £
S A LA T G A A2 Z R E S R T R
Horpr, B, SRS G SRS 1k T A7 HIF-
Lo P45, T VEGE fkaE e, M JEds
B RS T R AR A T R M AR g
PR A2 45 E Western blot 25578 OTR K FAL
Ji55 HIF-10 }2 VEGF 25 1 22 35339 him, BMSC &M
J& HIF-1a 2 VEGF 2 IR IAFEAR, $278 BMSC 3
2 OTR K BRI 190 67 A 1l A8 9 B 1 PT BE 5 BMSC
FEAR OTR K BRUHE RO JIEE HIF-100 & VEGF & 115k
A 5, BMSC WMl [BA% HIF-1a }2 VEGF & 1193535,
DL KSR AT LA $E HIF-10/VEGE {5 %38 2 i iR
TR I & B, U% OIR Rk BURR IR0 JIEE 97 24 1l 45 T
A F T iE— 25 .

M2, K BMSC 3SR NFEAEIRYT OIR K
B, T A A P R A il A BT B, AL T R
EHAMH HIF-1a, VEGF EMEIEA L,
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