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WE Br ETEHAESHET-1a(HIF-1a)/Bel2/ 5 EIB AHEAEFE A 3 ( BNIP3) i i A0 B2 i 53 205 S8 A2/ B
O A LR AL, TR B A ER K N S I ( HUVEGs ) 20 4 % 48020 B4 + si-NC 4 B4 + si-HIF-1ao 2 TR +
si-HIF-1a + BNIP3 4, %41 HUVECs BB THE (21% 0,) TR, BLE + si-NC 4 B + si-HIF-1a ZHFBLE + si-HIF-
Lo + BNIP3 £ ] si-NC ,si-HIF-1a 5 si-HIF-1o 564 BNIP3 JFokiAb 3 HUVECs 36 h, 85 # 8% THE (1% 0,) FHFE, @il
PES AR R AR S 1 KR SE: BT ST SR A M L A [ I BB A DL R TR BB O, AR A T
K C5TBL/6) 1 ERBEHL M FC BN R BTEYT AL X BR2H 075 S R 42 (OIR ) 2H | OIR + si-HIF-1a ZH 71 OIR + si-BNIP3 4,
TR A AT R LA P S8 L, S5 R SRS AL, B + si-NC 4 HUVECs 1 LC3 + MitoTracker + B s 55 | 5 45 4 5%
BRI RR B A RN (P <0.001) , HHLEAE + si-NC 4 L5, B4 + si-HIF-1a 21 HUVECs H LC3 + MitoTracker + KE AT 4K
TR UM ZLIR BB M TR BRI (P <0.01) , S5 A LB, B4 + si-NC 40 HUVECs fE35372 56 72 h W35 FEIE PR (P <
0.05) , 7 B A 0 @A AU T ARG (P <0.01) , S + si-NC 4L HL#, B4 + si-HIF-1a 41 HUVECs TEH5 3756 24 |
48 72 /NI IIEFE TEPERRAR (P <0. 05) , 1 D @G AR TR U BRI (P < 0. 001) . BNIP3 93 SRk 5% 1 HIF-1a SRR
LRI 11 W AR LA S AR 02 S REROSE A . 55 OIR 4 L #, OTR + si-HIF-1oe 471 OIR + si-BNTP3 25 /)8 B i) 08 19 28 4 e 3
Az LT LR I A A 28 X380 (P <0.05) , #4518  HIF-1o/BNIP3 {5518 B PEAR R 551 F A2 E T HUVECs FheRbiiA [ misk
T, X PN R S BRI A R R AR

KR GRS T F 1o AR /N B A BRI 5 BT 5 R W 5 A B R I P 2z AT

FESES R774.1

XERIRERTY A XEHS 1000 - 1492(2025)02 — 0226 — 08
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By JLAR R AR A2 ( retinopathy of prematurity
ROP) FRAE A2 A0 190155 g SR 1004820 A, HG 2 LB
B R 2 — N B2 41 ( endothelial
cells, ECs) 7£ MU 2E gLt B R w2 fFot
KI, BRAA BRI ECs 1Y S B AT B 2 3 2L
B A ILAE A 2F B AR AR, HIR A A If
B ECs WaE w0 AL R 58 2 M Y 75 2k
—WFFE 5 A R A 2 B L B, ECs HAE
e KB AR 0T 1, JEAROBOR I i o 7™ A2 ATP I A
REN S WS R, WS A B TR A 1 2
SR W AT BE A B o AR R AR 4 R g
FRERAE T —FlBr BRI 7

Bel2/ i 2 E1B MIE AR F 3 (Bel2/adeno-
virus E1B interacting protein 3, BNIP3 ) 1 Al i 4 1
DI RERRERTLRL A ) % SR AR , LR IA AR5 Wi W 15

2024 - 10 - 10 $21k
FATH WdLE A RFF2EH4E (45 .2019CFB401)
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fER AR R AR o B SR B B AR R
F-la ( hypoxia-inducible factor-1a, HIF-1a ) /BNIP3
AT A 2R R, ST HIF-1a AE N
WHIFE R 19 OC B I 15 Y 7, 1% PR AH R 3 HIF-1o/
BNIP3 j@ #% 7] BE 2 54 ROP Jp BV if 45 A
F W RO IR i A2 2 (W) -4 A 5T 50 A HIF-1a/
BNIP3 i #4153 A4 I W e ) 1 A e e v i /R
FEER VI IX FpAE I XT ECs 3451 | 3 B F1E B 1110 52
M

1 HREHE

1.1 #pa AR K P 52 4 (human umbilical
vein endothelial cells, HUVECs) M 3% [€ ScienCell fiff
FLIENAT, B HUVECs K5 FR7E T 5% G 4F 1T
1% - 5K EC H57 1 (3£ Thermo Sci-
entific AF]) , F 37 CF,EHE(21% 0,) A
(1% 0, F194% N,) 5T TFHiFR0 ~24 h,

1.2 FHi&

1.2.1 @mmsa ff HUVECs /3 N A4 B
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+si-NC 41 B4 + si-HIF-1ao 4L FIBEE + si-HIF-1a
+BNIP3 4. % %A 40 HUVECs 28 T & (21%
0,) FHiFE, B +si-NC 4 B + si-HIF-1a 41
B4R + si-HIF-1a + BNIP3 21435 si-NC _si-HIF-1a
Fl si-HIF-1a B4 BNIP3 FikiAb P HUVECs 36 h, %4
Ja BT TR (1% 0,) FEFE,

1.2.2 @ # % pcDNA3-Flag-BNIP3 Jfi i
(BNIP3) thy bt Sl 25 B AR A PR A ml A £, )
HIF-1o( si-HIF-1a) . BNIP3 ('si-BNIP3 ) F1 B 4 X} B
(si-NC) B siRNA Il B M T Bt AE 9B A TR A
", i Lipofectamine® 2000 7 &5 (€ [ Thermo
Fisher Scientific 2\ ] ) P ki BY siNRA (50 nmol/L)
By HUVECs, #5544 HUVECs £ 37 C Fl 5%
CO, MBI RE FER B 35 36 h, SR IE W& T ik —
HLH . siIRNA [ 5140 ¢ si-NC A 5/-UUCUC-
CGAACGUGUCACGUTT-3"; si-HIF-la # 1 5'-
CUGCCACCAAGCUAGAUAATT-3'; si-HIF-1a #2 K
5'-UUAUCUAGCUUGGUGGCAGTT-3" ;si-BNIP3#1 2}y
5'-UCUUCACACCGUCCUGAAATT-3';si-BNIP3#2 Wy
5'-UUUCAGGACGGUGUGAAGATT-3’

1.2.3 Western blot 55 3& i il RIPA 24§ 2% bl
( BEHE R RAEYBEARAFIRA ) I HUVECs 5i/)
AL B e S, M REYAE 4 C T L
10 000 r/min &.0> 15 min J5, Y& EF R, I H
BCA Mk & ( L8 2 RAEYHERGRAF)
SR AT E R, 83T 10% SDS PAGE M AMHE
s H 70 B A T B 1 0T, S P 8 3 SR D — 9 M
JIE ( SE [ Millipore 23 H]) I, 7EZ L 5% Wil 7L
(£ HE Sigma-Aldrich A F)) HHIEE 2 h, K57 4 C
TH—HYUAR 2 1000) H SR, —RIRTE
Jo BRI AR RN 1 b, B RSsR AL R OEIR
F A, I BT o (8 Image J FRA%F 5547
TR E i, 1 GAPDH & HAIE NN ES %,
HF Western blot /3HT BUHTA LN T . Pr HIF-1a ( FE[F
Cell Signaling Technology 7 ) . VEGFA ( 9 [E Ab-
cam 23 H)) BNIP3 (%% [H Abcam 23 7)) F1 GAPDH ( 35
[E Cell Signaling Technology 2~ Al ) .

1.2.4 ZRREFE N1 HRICEARAA, TE 37 C
T ¥+ MitoTracker £1. (500 nmol/L) il A1 HUVECs
1 30 min, K5 H 4% 258 I E 20 min, F
F 0. 5% Triton X-100 I FZHL S min, FH&H 1%
A IMLYE F AR A TBST B 5 KA 59t LC3B(1
: 500, % [E Abcam A H]) —HPUEWE 1 h, ZJ5,
VRS AN I 5 R R PG R B FHH A G R —

?)}(Tﬁ,ﬁi(l 3 000,35 H Jackson Immuno Research 23
A)ME 1 h, b5 5 DAPLBEE 3 min, 58 5
W ( HAS Olympus 23 F]) FAHE R4

1.2.5 #HEBBRASLBRBZM T A
I 5 1) &5 (& Sigma-Aldrich 23 F] ) F
FLIR L /9 600 5 X F 4 (5218 Sigma-Aldrich 22
A ) X 55 3R LT R A R URN FLIR AR AT
FEHE A DA I A I It 2 A SO
F1%) 240 28 B A T I — Ak

1.2.6 RX#mlE ffif Seahorse XFe 96 il 41i
AT ( 5 [H Seahorse Bioscience 23 H] ) i %2 2 Jitg
AR Ak R ( extracellular acidification rate, ECAR) .,
HUVECs (1 x 10* 41 fie/FL) #2FF 2] Seahorse XF 96
Y 55 SR A 7R FE A2 R R 50K A A R (10
mmol/L) ZRi {4/ ATP & B 7 5% 2 (2 wmol/
L) FFHUARE T i 410 11 590 256 420 % 4 4 ( 100 mmol/L) 4K
U ST BBAFL ARG R4 T 3 AT R 40
1.2.7 @& A ik CCK8 I %k 1EAh
HUVECs B4 fFRE 1. ¥ AR 4 (1 000 A~ 4 ffl/
fL) [ HUVECs $F0%] 96 fLtk ., 7£24 48 F172 h
iF, 4% 10 pl CCK-8 12l ( i3 = RAEMHARAT IR
ANED) AL, IR ARAE 37 C FEIEE 2 h,
i FHARALAR 53 66 BE 31 ( 35 H Thermo Fisher Scien-
tific 23 7)) 7E 450 nm A0 IR

1.2.8 XX fHFHG O @G I E & 53 i HU-
VECs WL BE J1. M2 4 AE 6 L AR ik 2
100% LA {81 20l JC 5% W 8 R i >k 1 45
C, 4 1 x PBS 3 YR LA B0 25 Fl sz 31 1) 4H i
RIG B ETE IS ECM FR e H B B 40 F
WEE . TEWEE O h 124 h I P4 AT UL, T8
H Image J B F A% 01 P A i ARk 15 40 i 0 5T
BEeTI,

1.2.9 XEHARME B Matrigel (32 E BD Biosci-
ences 23] ) ZEMAARE (150 wl) fA 48 LR, 376
37 °C W% H 30 min, HF40ME(2 x 10* 4L/ fL) 322
FPEBERE I, IWREASFLHERE S ANFENLS , JF7E 8 h
IR, A Image J 3R AR ESFI I 0 45
1.2.10  Sebe i F09A R By 0 ZAEAE  HAE
557 K1 CSTBL/6) %)) B B L LBk BRI 1 ifg 3t
LAY A RN, SR 2T
—BEBER I B, S OGIRITRIE R EIA
AL B 9% A (oxygen-induced retinopathy, OIR ) #&
iR A e V=t AP N OF A B DN B RS
TRAE[(75£2)%0,]H5d(H7 ~12 K) L™
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A A P 2E . AE AR RS 12 REF H /N BUR
WIS EH 2 N IAEE, e M) K &)y BB AL 53 i )
ANFEHIEITFLH : OIR 4 OIR + si-HIF-1a ZH A1 OIR +
si-BNIP3 41, 41 6 H ., fE AR5 12 K, 400l k
si-HIF-1a ,si-BNIP3 L4 0. 1 nmol #9543 51 v 5t 5
OIR + si-HIF-1o ZHF1 OIR + si-BNIP3 2H 4/ sl R 5 114
BEEEIRIE N, RS 17 REHESEL R, [, 2 H 6
HUPEIE 5 2 NI AR K /N B SR X R A

1.2.11 MEHAELEHBRS LEAE FEH 17
REFAFE/NRIF B BRI 7E 4 CFTE 4% 2R
HHEE R [EE 1 h, LB JFAE 4 °C N HBEE R
et 16 h, ARG A P K 4 A, PBS PR
JEE2 b, 7E 4 5 PR AR I RS e A il b0, A
JEEST T 22266 i, 3o 0 T 2R A W AR B A AR LR LA
AL, {4 Tmage J B8 10045 A 2 FUBT 2B 1ML
A A R AN L I RS T R B A L

1.3 Zit=43E RS SPSS 21. 0 bk 74t
ST, 8 Shapiro-Wilk £ 35 7 4t 22 48 19 1E 25 43
i BSOS BIERRN « x5, (AR E T £
MrflEE 5 Tukey Z 8 LLEKT XK H 3 ANl 24
() IE A BRI T 51 AT, P <0.05 AERA
Gt L,

2 #£R

2.1 AR RMMELZEF HIF-1a B3 E 0

A Normal Hypoxia

oxygen 2h 4h  8h 12h 24h
HIF-1la
BNIP3
GAPDH
B Hypoxia
Normal si-HIF-lo  si-BNIP3
OXYgen §iNC #1 #2 #1#2
HIF-la
BNIP3
GAPDH

BNIP3 g9&i%x 41 1A iR, 5% S L, B
FIE HUVECs ' HIF-1o #1 BNIP3 Y8 117K T
B (F =37.46 18.54,3 P <0.001)., JTHZE
HIF-1o Fl BNIP3 2 [H] 4 78 76 45 ¢ &, ] HIF-1a
8¢ BNIP3 siRNA #4t HUVECs, Western blot 73 #7 i
7N, I HIF-Too f 25 400 ) k420355 52 19 BNIP3 (19 3%
A, 1M BNIP3 @iff%f HUVECs H HIF-1a FYFI5TC
50, R U] BNIP3 J& HIF-la 75 1% S I TE
U (B 1B)

2.2 BREMA HUVECs MBEERE % T BNIP3
FELRLAAR A W i I A L, AR ST HIF-1o/
BNIP3 7E #4411 % HUVECs 2600 1A [ W 14 5%
M, % LC3 5 MitoTracker 2¢ 53 5@ A7 46 I 2F Ak 28
R AWK K, 50 A 3, B4 + si-NC 4
HUVECs #' LC3 + MitoTracker + B&E 5 Z0 8 1 (P <
0.001), H#4 +si-NC 41 b4, B4 + si-HIF-1a
ZH HUVECs 7' LC3 + MitoTracker + B 5 F A (P<
0.01), BNIP3 ByitFikigi%e T HIF-1a @ ffxF LC3
+ MitoTracker + B s ZX 5% W (F = 22.37, P <
0.001), WK 2,

2.3 HIF-1ov/BNIP3 33§l i 1% 5 89 HUVECs
PEEERR B IK (vector) B BNIP3 i 36 3K Jify HL 5
YeF| si-HIF-1o 20 FREY) HUVEGs W23 55 YL 11
HUVECs H BNIP3 /K800 (P <0.001, & 3A) .
5o A R, B4+ si-NC 2H HUVECs H 3 %9 b

=3 Normal oxygen

Relative protein expression

Relative protein expression

= 4h
sk sk sk .
sk ok = 8h Hypoxia
*%
* o B 12h
= 24 h
HIF-1a BNIP3
4 E=a Normal oxygen
B3 si-NC
® %k %
3 B3 si-HIF-1a#1
B3 si-HIF- [ aq#2|1YPOX1a
2 B3 si-BNIP3#1
B3 si-BNIP3#2
1 " ity
i s
0
HIF-1a BNIP3

Bl1 HREMA HUVECs f HIF-1a 71 BNIP3 B3R i%
Fig.1 Expression of HIF-1a and BNIP3 in HUVECs triggered by hypoxia
A: Western blot analysis of the expression of HIF-1a and BNIP3 proteins in HUVECs; B: Western blot analysis of the expression of HIF-1aw and

BNIP3 in HUVECs; *P<0.05, **P<0.01,

*** P <0.001 vs Normal oxygen group; P <0.001 vs si-NC group.
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PRI FLIR B ) R (P <0.05) ; S A +
si-NC 4 F 4%, B4 + si-HIF-1a 41 HUVECs 7 %45
WE B IR 7L R 7= A= R AL (F = 28.15.26. 74,3 P <
0.01,E 3B.3C), ECAR 3l Jy2= i £ it — 2 uF B
5 +si-NC 4 38, S 4 + si-HIF-1oo 205 P A
(240 B A (I RS LR AN 3-8 M R ) vsl

Normal oxygen  Hypoxia+si-NC

Hypoxia+
si-HIF-1la

Hypoxia+
si-HIF-10+BNIP3

LC3 Mito Tracker spots/cell

100

80

60

40

20

/(P <0.05,[K 3D -3F) ., BNIP3 ({)id k% T
HIF-1 o g fE XA e At 1 52 i)

2.4 HIF-1o/BNIP3 4fif 6L &4 T M B 40 @
MEWFIIRE S5HE4IE, B4 +si-NC 4] HU-
VECs FERFFRHS 72 /NI (R B8 GRS PEREAIR (P < 0.05)
It H 05 1 A T AR A R S in (P <0.01)

ISR
no

&&&
i =
o kk ok
==
[id
Normal  si-NC si-HIF-la si-HIF-1la
oxygen +BNIP3
Hypoxia

2 BRI HUVECs K E R E
Fig.2 Autophagy flux of HUVECs analyzed by immunofluorescence

Green fluorescence was LC3 immunofluorescence staining, and red fluorescence was MitoTracker immunofluorescence staining x200; *** P <
0. 001 vs Normal oxygen group; P <0. 01 s Hypoxia + si-NC group; $¥¥P <0.001 vs Hypoxia + si-HIF-1a group.
ygen group YP! group yp! group
A Hypoxia+si-HIF-1a ., B SiHIF-la+Vector B 25r e
4r i-HIF-
Vector BNIP3 _% =3 si-HIF l(x+BNIP3*** % ol - -
5] < ! T L
g3f 28 -
HIF-1a & SE 15k
5] 2 o L.
£ = ##
g2r 210l = =
BNIP3 g, E&
z 1f £ o5}
GAPDH =
[
0 HIF-1a BNIP3 Normal si-NC  si-HIF-loo  si-HIF-1a
oxygen +BNIP3
Hypoxia
C D E Glycolysis
. 3 25 - Base ECSR 60 ook Q&
i
g * ok ok && /é\ 20k * % & g
5 g # g L
o 2 — = 40
8 id T I5F z Hih
2 z 10 s
"&b &~ r &
o 1t m < < 20
2 O O
2 @ S5F m
o)
&0 0
Normal  §i-NC si-HIF-1a si-HIF-la Normal §i-NC si-HIF-1a si-HIF-1a Normal  §i-NC si-HIF-lo.  si-HIF-la
oxygen +BNIP3 oxygen +BNIP3 oxygen +BNIP3
Hypoxia Hypoxia Hypoxia
NEHSEDA &
F l00r Glycolysis capacity B3 HIF-1o/BNIP3 #i 4T SER R S HUVECs HEEEE
L& Fig.3 Hypoxia-induced glycolysis of HUVECs mediated by HIF-1o/BNIP 3 axis
[ 80 sokok
é A: Western blot analysis of HIF-la and BNIP3 protein expression in HUVECs, *** P <
IQ 60 0. 001 wvs si-HIF-1a + Vector group; B and C: Analysis of lactic acid production and relative glucose
5/ 401 i uptake of HUVECs; D — F: Glucose, oligomycin and 2-DG were injected in sequence to measure
5 20 ECAR and quantify glycolytic functional parameters; “* P <0.01, *** P <0.001 »s Normal oxy-
[Sa]
gen group; *P <0.05,"P <0.01, " P <0.001 vs Hypoxia + si-NC group; ¥P <0.05, P <

Normal si-NC si-HIF-1a si-HIF-1a
oxygen +BNIP3

Hypoxia

0.01, ¥¥P <0.001 vs Hypoxia + si-HIF-1a group.
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5 + si-NC 2H 8, B4 + si-HIF-1a 2H HU-
VECs TEH; TR 56 24 48 72 /NI (4 3G 35 PEFEAIR (P
<0.05), O @GR E R (P <
0.001), BNIP3 i ki T HIF-1o @i {IRXT A
Yr2ED)Renys g, Wi 4.,

2.5 %l HIF-1o 5 BNIP3 3f OIR #5%4/\ R AR 3B
MENERRMRN 38R NSRS HIF-1a
A1 BNIP3 X HE 35 3 A4 1ML % T2 A A9 52 W, Western
blot 73T .7~ , 55 OIR 41 Hb%:, OIR + si-HIF-1 o ZH Al
OIR + si-BNIP3 ZH /]s [l % #1520 2 v BNIP3 |
VEGFA MY K P REAR (F =33.84 21.42, 3 P
<0.01,K 5A B), 5 OIR 4%, OIR + si-HIF-1a
ZH A OIR + si-BNTP3 25 /I B AR o 5 20 20 s A 1
T WA I 5 P ZE X B0k (F =51. 60 48. 12,3 P
<0.05,K5C.D),

3 itig

HIR T B 1 A7 A R — AN S 2 I 2 8 R
e, FE ML D 11 B0 B 78 B A A A Bk il R

AR IXIRBE . HUVECs 22 81 i 5 k4% s 5l 0
DA B A R 240 B AL P P B R TR R T, ) 12
MR8 LA A AR A F 5 A 3 A0 R A DT AR
5% K LB 4E 2 E HUVECs Y HIF-1o, BNIP3 # 3
K HIF-1ow (A0 ] G 201G 5 1) HUVECs W fig
(hn, A A R B ORI ZL IR ™= A ) FOHE (4n, 95 i
¥ B , A X Se R BNIP3 i ik I
Hh BEIE A Y 5 HIF-1oo 5 BNIP3 siRNA 5 3E41)
il T OIR /N BRUSEHY b (37 A6 il A A 4, X S8 % 30
A HIF-1 o X PN B2 BRI AR (4 VR FHAR AL 1587 i DL A, 9
ST FEIG YT RS B 1004 A i PR 1) HIF-10/
BNIP3 #1777 .

SERT R IFFE Y B HIF-10o S22 40 0 58 1M 45 %
BT, HIF-1a 205138 1 306 Mye {755 Az
GTP fiff CDCA2 A4 il 8135 1 45 Az 1 i 2F 43 32
PR N 3 T R A SRl A — IR 3R
B HIF-1o 515 57 S 7RSS F 3 #0S FAHE
VER B S IR 3 306 T4 LR VEGE #%53%, )\
T2 0 die 42007 S 0 PN B 40 R 3 R RS TE K,

C Normal Hypoxia+
A = Normal oxygen oxygen si-NC 20 r
B Hypoxia+si-NC - .
~ 207 = Hypoxiatsi-HIF-1a 2
: B3 Hypoxia-+si-HIF-1a+BNIP3 15t &&&
8 1.5r * E
g~ & =
s p= 10
s 1.0f & # Hypoxia+ Hypoxia+ g s
& 4 si-HIF-la  si-HIF-1a+BNIP3 S 5|
Eost ! 2
a0 =
g &0 4 , ,
© 0 Normal si-NC  si-HIF-la si-HIF-1a
0h  24h  48h  72h oxyeen “BNIPS
Time Hypoxia
B Normal Hypoxia+ Hypoxia+ Hypoxia+ 100F
oxygen si-NC si-HIF-1a si-HIF-1a+BNIP3
Hk
~ 80k
S I
0h o0
£ 60F
©
o
< 4or #a#
=
=
§ 20F
24 h
0
Normal si-NC  si-HIF-la si-HIF-1a
oxygen +BNIP3

Hypoxia

El4 HIF-1o/BNIP3 #i M SEE K4 T HUVECs MAEMFINEE
Fig.4 Biological function of HUVECs under hypoxia mediated by HIF-1a'BNIP 3 axis

A: The proliferation of HUVECs was detected by CCK-8 method; B: The migration of HUVECs was evaluated by scratch test, and the percentage of

healing area was quantified and analyzed, Scale bar = 500 wm ( x50); C: Matrix glue analysis was used to evaluate the tube formation of HUVECs,
Scale bar =500 um ( x50); “P<0.05, **P<0.01, *** P <0.001 vs Normal oxygen group; P <0.05, **P <0.001 vs Hypoxia + si-NC group;

$P<0.05, **¥P <0.001 vs Hypoxia + si-HIF-1a group.
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A OIR
; ] 3r = Control
Control -HIF-1 -BNIP3
ontro S1 o S1 g v = OIR
% = OIR+si-HIF-1a
HIF-1a s Ak ok = OIR+si-BNIP3
o 2+
>
o
=
BNIP3 3 4
2 ##
S Hith
VEGFA E
= Ht it
~
GAPDH 0
HIF-1la BNIP3 VEGFA
c Control OIR Control OIR D
251 &= Control
= OIR . s
20 =2 OIR+si-HIF-1a
=1 OIR+si-BNIP3
— #
X 15F
5 #H
OIR+si-HIF-10.  OIR+si-BNIP3 OIR+si-HIF-10 OIR+si-BNIP3 Z 1ot o
#
sk i

Neovascula formation Vascular occlusion

B 5 % HIF-1e 5 BNIP3 34 OIR &2/ ERARHT £ ME LA (n=12)
Fig.5 Effect of inhibiting HIF-1ae or BNIP3 on ocular neovascularization in OIR model mice (n=12)

A; Western blot analysis of the protein expression levels of HIF-1a, BNIP3 and VEGFA in the retina of mice in each group; B: Quantitative analysis

of HIF-1a, BNIP3 and VEGFA; C. Representative confocal image of flat retina stained with lectin (red) x200; D: Quantification of the areas of neo-

vascularization and vascular occlusion;n value represents the number of eyes; ** P <0.01,

##P <0.001 vs OIR group.

Jy—TE g7 B ] HIF-1o 082 T /L OIR
AR (18 0 00 i B I A A R, 5 S A oY —
5, ABGTMAFSE T HIF-1 o 7EBEE A 5 105 B 1
A B AR A AR BUVE T, ARSI R AR AR
ZAEE, BEBR HIF-1o S350 F2 200 b 155 itk 25 Dl
A R Ry B R RN LR 7 A e/, e W HITF-
Tow XoF PN B2 4 6 A1 S fh A W A 2 0 75 1)
DAL B2 A K 2 S 8 1k 1, AL R LR R A iz ]
il B S L SUR RO A5 5, S S800) g R W e e A3
EEARDY AN, A KT A0 VEGF Fl FGF2 1 38
R ik it 1 2 3K, 388 TOw 1 A L SR I A5 K 2 10
ATP TR, 2 I e A et 128 1 PR 7 3K o 19l A A=
A E R EED | G — IO KB HIF-
Lo JE st FIRAALARAE 2R h GLUT3 (933K KA i 4
JHO BB R A7 . BNIP3 & ECs W E I RE A
P& A5, 76 OIR 1 AMD /)>RS o | 24y B B 1
T BNTP3 T 100 R 0o JBE 7 A4 1 A TR 10
SRR [ A R 1 20 6 A i 5 1) ) A A 1)
R b KR AN, & e R TR gt
(8 B3, 45 Tl A AR Ay S5t R0 4 £ 3 1 1 T
PEST D BFSE KR, BNIP3 |- 0 i W A | LRI

*** P <0.001 vs Control group; *P <0.05, #P <0.01,

o BONE WA A Y e 8, 3k SEIE A R W], BNIP3
T B T A RIS A A I A a3 12 22 [ 1) S Al o 78 2
KHEMARIHE R AR . A ST R BUAE HIF-1o @R
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Relationship between glycolysis mediated by HIF-1o/BNIP3 pathway

and oxygen-induced retinal angiogenesis in neonatal mice
Yi Yan, Chen Feifei, Tan Yun, Du Heng
[ Dept of Pediatrics, Wuhan First Hospital ( Wuhan Hospital of
Integrated Traditional Chinese and Western Medicine) , Wuhan 430030 ]

Abstract Objective Based on glycolysis of hypoxia inducible factor -1oe ( HIF-1a) /Bel2/ adenovirus E1B inter-
acting protein 3 ( BNIP3) pathway, to study the mechanism of oxygen-induced retinal angiogenesis in neonatal
mice. Methods Human umbilical vein endothelial cells (HUVECs) were divided into normoxic group, hypoxia +
si-NC group, hypoxia + si-HIF-la group and hypoxia + si-HIF-1a + BNIP group. In normoxic group, HUVECs
were exposed to normoxic (21% 0O,) and cultured. Hypoxia +si-NC group, hypoxia + si-HIF-la group and hy-
poxia + si-HIF-1a + BNIP3 group were treated with si-NC, si-HIF-1a or si-HIF-1a combined with BNIP3 plasmid
for 36 h, and then exposed to hypoxia (1% 0O,) for culture. The autophagy, glycolysis, proliferation, migration

and tube formation of mitochondria were investigated by immunofluorescence, metabolic measurement, cell viabili-
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ty, scratch experiment and tube formation experiment. On the 7th day after birth, C57BL/6] mice were randomly
assigned to different treatment groups: control group, oxygen-induced retinopathy ( OIR) group, OIR + si-HIF-1«
group and OIR + si-BNIP group. The neovascularization and vascular occlusion were measured. Results Com-
pared with normoxic group, the rate of LC3 + MitoTracker + spots, glucose uptake and lactic acid release in HU-
VECs in hypoxia + si-NC group increased significantly (P <0.001). Compared with hypoxia + si-NC group, the
rate of LC3 + MitoTracker + spots, glucose uptake and lactic acid release in HUVECs in hypoxia + si-HIF-1a
group decreased significantly (P <0.01). Compared with normoxic group, the proliferation activity of HUVECs in
hypoxia + si-NC group decreased significantly ( P <0.05), and the wound healing area and the number of tubes
formed increased significantly (P <0.01). Compared with hypoxia + si-NC group, the proliferation activity of HU-
VECs in hypoxia + si-HIF-la group decreased significantly at the 24th, 48th and 72th hours of culture (P <
0.05), and the wound healing area and the number of tubes formed decreased significantly (P <0.001). Overex-
pression of BNIP3 reversed the effects of HIF-1a knock-down on mitochondrial autophagy, glycolysis and biological
function. Compared with OIR group, the neovascularization and vascular occlusion areas in retina of mice in OIR +
si-HIF-1a group and OIR + si-BNIP3 group reduced significantly (P <0.05). Conclusion HIF-1a/BNIP3 signa-
ling pathway promotes mitochondrial autophagy activation in HUVECs under hypoxia, which plays an important role
in controlling endothelial function and angiogenesis.

Key words hypoxia inducible factor-1o; newborn mice; retinal blood vessels; glycolysis; mitochondrial autoph-
agy; human umbilical vein endothelial cells
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and other groups. The distribution and internalization of VE-cadherin in each group were measured using immuno-
fluorescence. Results Miles experiment results indicated that dye exudation in lung tissue of WT-model group was
significantly higher than that of WT-con group (P <0.01). The dye exudation in the lung tissue of KO-model
eroup increased compared with WT-model group (P <0.05). The results of endothelial cell layer permeability test
showed that the permeability of FITC-dextran in si-CD151 group was significantly higher than that in control group
after VEGF-A stimulation for 30, 60 and 120 min (P <0.05). Transcriptome sequencing results suggested that
CD151 in endothelial cells was closely related to vesicle-mediated transport. Compared with other groups, protein
and mRNA levels of VE-cadherin in CD151 knockdown endothelial cells was significantly lower (all P <0.01).
The immunofluorescence assay demonstrated that after VEGF-A stimulation, the decrease of CD151 expression sig-
nificantly impaired the expression of VE-cadherin at cell-cell contacts and reduced the CD151-VE-cadherin colocal-
ization in the perinuclear region compared with other groups. Conclusion The absence of CD151 affects the inter-
nalization and recycling of endothelial cell vesicles, affects the expression and internalization of VE-cadherin, and
then influences vascular permeability.

Key words acute lung injury; CD151; internalized recycling; endothelial cells; vascular permeability; VE-cad-
herin
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