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P<0.05;:=7.17,P<0.01), 7£ OIR Jz CNV MR Hfi} iz 22 AT LASI A SR G R b 42 5 3R oS RBEG R B3 3K
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[ Abstract] Objective To investigate the mechanisms of quercetin in retinal angiogenesis via in vitro and in
vivo studies. Methods Human umbilical vein endothelial cells (HUVECs) was used in in vitro study,and oxygen-
induced retinopathy ( OIR) and laser-induced choroidal neovascularization ( CNV) animal models were used in in
vivo study. In the in vitro cell study,normal control group, VEGF-165 treatment group and VEGF-165 combined with
quercetin treatment group were used. Cell counting kit-8 ( CCK8) and Transwell were used to measure HUVECs cell
viability , including proliferation and migration. OIR and CNV animal models were administrated through intraperitoneal
injection of quercetin,and the non-perfusion area and CNV aera were evaluated. Western blot assay was used to detect
the expression of integrin a5 and integrin B3 expression. In the animal study, 18 breastfeeding mice and 18 infant mice
were randomly divided into normal control group,model control group and quercetin treatment group,6 for each group.
The animal feeding and use was in accordance with the standards set by the ARVO,and the experiment was approved
by the Ethic Committee for Experimental Animal of Fu Xing Hospital , Capital Medical University (2016-KY-0036).
Results 1In the in vitro study, VEGF-165 (20 ng/ml) promoted the proliferation and migration of HUVECs, while
quercetin (50 pmol/L) inhibited HUVECs proliferation and migration significantly, comparing to the VEGF-165
=18.51, P =0.00; migration; F =85.74, P =0.00). In the in vivo studies,
quercetin 20 mg/ (kg-day) decreased the non-perfusion area and CNV area comparing to the untreated groups, with

significant differences between them (¢t=6.02,P=0.00;¢t=5.79,P=0.00). Besides, quercetin down-regulated the

treatment group ( proliferation: F,

expression of integrin o5 and integrin B3 significantly both in the in vitro and in vivo studies. Western blot test showed
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that integrin a5 and integrin B3 in VEGF-165+quercetin processing 24 hours group were significantly decreased than
those in the VEGF-165 group, with significant differences between them (1=4.46,P<0.05;:=5.18,P<0.01).
Compared with the VEGF-165 + quercetin 24 hours group, the integrin a5 and integrin B3 in VEGF-165 + quercetin
processing 48 hours group were increased, but they were still significantly increased than those in the VEGF-165
group , with significant differences between them (i=6.54,P<0.05;¢=7.17,P<0.01). For the animal studies,
quercetin also inhibited the levels of integrin o5 and integrin B3 in OIR and CNV models (:=5.44,13.52;both at
P=0.00).

pathway , which provides a new treatment strategy for clinical therapy.

Conclusions  Quercetin can inhibit the retinal and choroidal neovascularization through integrin
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(retinopathy of prematurity, ROP) i 14 4F #% #H 3¢ 14 o5
PS4 (wet age-related macular degeneration, wAMD) |
I BRAE AN PP PR B A T 2% T A 45 TR o ) 1
BORIN R o BT RTINS MR L ARSI
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E A2 UG AR R TR OBRR , S 2O A E R
R X — S o R M — A IR T g AR
S AU B A LA ) A S K R o T AR L AR Y R
FEH, M4 N 2 A2 K B F (vascular endothelial growth
factor, VEGF ) ¥ 5 A 7E 0 B E R rh R ¥ 2 AE
T VEGE J7 ik BCA 236 T7 ST 45 5, 5 G [R] i
X—IT BT S RN BB H 52 B LS M
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FEAE, Tz o A AE G R b, e T A AR A
S BRAERRE o M 3R 1 B B
R 3 2 LR TR 46 P ELIE S AL A R T
AR FE R e 28 AE AR S A4 A 4000 1) A0 o 7 2 1f 5
o CNV Az i e 5 8 B9 VR AL, A 400 194 JBE 24 1 A8 M
CNV H)IG Y7 #2 HE 3T Y L8 %
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1.1 #hk

1L.1.1 525 zh¥)  CS7 FLEEE A 6 ~8 Ji it | 14 B
15 ~20 g 19 C57 /MRS 18 (Wl B b st R BE 27 8l
Prrpts) ok €57 FLBE BU T 40055 5 10 A0 IR I 22
%) ( oxygen-induced retinopathy, OTR ) £ 5 | C57 /)]s F&
MTHOEE SR CNV SRRl SR B AL BT 3% 1%
K 2 Fh S U Sh Wy BEAIL 73 O 1 RN BRZH R RL X R 4
M RAC PR, B2 6 H o 5256 3l 1 i 4 25 3 706
ARVO A7 S sl I 09 ML E , A W 50 3 2 2 8 B2 B
R B T A2 % R e s W) 2 56 18 B R B s At v (S
5 :2016-KY-0036) ,

11,20 4R U B F2 283000 A JBF i bk P9 B2 40 i

( human umbilical vein endothelial cells, HUVECs) 4 H 3¢
FE AN PR EAR YR L] B 5 3R T A IR 8 10%
4 IfiL 375 ( fetal bovine serum,FBS) ( 3% [E Hyclone /A #] )
() DMEM B3 32 o it i 28 (C\ H,, O 5 AHXS 23 o
302,24, BB =95% ) ( 3% [E Sigma-Aldrich 2% &) ) ;%%
A2 o5 il (#98204,1:1000) &4 2 B3 (#4702,CST,
1:1000) ,B-actin(#4970S,1:1000) (Z£[FE CST 24H])
1.2 7

1.2.1 i 8osln & 8 Lm0 40 i s A= RE ) 1%
PEX A HUVECs, 57 5 53 %0 0. 25% JiR 45 1 -
EDTA {15 16 41 M, JF L 1 x 10° /L 5 8 = 96 fL 4R
37 C WA ES% CO,KEFRFErh B 3% 4 h, Fr 240 L
BEJS R85 IR & A 1% FBS |19 1640 [a] 20 AL 1 77
12 h ¥ 20 M 53 Ry 1E 5 X BRZH L VEGF-165 4k 3 26 i
VEGF-165+1ii} iz Z= Ab # 4H . 7E VEGF-165 4b 3 20
BB R & A VEGF-165(20 ng/ml) 1 1640 3% 3%
W, VEGF-165 + ffit je K A B AL 85 R H e o & A
20 ng/ml VEGF-165 1 50 umol/L #i} Jz & 0 1% 7 .
kL HEFE 24 h A48 h 5, i R 100 pl 5 i 4 4K
10% 21 it 11 %75 & 8 (cell counting kit-8, CCK-8) Y
FEARRE IR . 37 CH I 1 h, F) T EE AR ACKI P K
450 nmAb B WG JE (A sy ) (. FEZHBE S AN AL, AR A
(BB TS A A A0S Al A0S A = SR e A
E/ X BRZH A fHx100% . SEEeE AL 3 U, O BME .
1.2.2  Transwell G040 MIE R BE ) R4 XS $ A
KR HUVECs, B 20 g 73 1 % Xf B 41 VEGF-165
AL PR AL FI VEGF-165 + #if K2 R 4k B 41, [6l 2 fb )5
VEGF-165 kB2 FI VEGF-165 + i} iz 2% b B3 21 65 15 5%
WAy R i & A 20 ng/ml VEGF-165 #1474 20 ng/ml
VEGF-165+50 pumol/ L Kz 2 Y % 757 KL 4k 21 15 5% 24 h,
0.25% g3 FBE-EDTA 5 1k 40 i J5 , AR 4 11 Bl 2R LA
100 pl/ /e (47 Sx10° 41 ) % A Boyden /% 1) I
%, 1t Boyden /NE N E A S A 10% FBS [ 1640
B, B FL600 ul, 37 CEi3% 4 h 5, BUH Boyden /)
FEIFRANGAH B 4% Z2 R HEEF DAPI(1:1000)
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(9 12 fLA 30 min, A5 AR/ G R G 40 i, R
ARERSER N HUVECs, B , B/ % 8 & T 8030
FLIFRPOE R R, BEALEEE S AN A AL B IR
AIF R O, AR 3 MR, LR ER 3
U B {E .

1.2.3 OIR SRRy gt s Je oy AL B K 6 5 5L
B B0 D 1 W X 2L AL R ) T 2 A e 3R Ak B
WA T BEZH R E SR AL FRZH Y 4 B AL B RRURD A JE
857 K(PT)MFLEUE T & AR (75£2) % 0,1
AP SR S do P12 U FLRE RURIEL B, 8 T A
B akge i 3R S d, 18 RPOIRAE R R FL L 3 Rk T
JREESIH . AR 4 5 FLEE R P, 2 B T B D AR R
XFBRZH , 55 Ah 2 85 3L R IR 20 me/kg A 5 R A T
SEH B AR BT AL . ORI ARG 2 B FL Bk U SR TR
HAEIEAE R IEF X B4, P18 4 B A L B R EE
FAF T, 20 WEVE HE 50 mg 2x10° FITC- 2R B ( 3£ [
Sigma A H] ) 0.5 ml, B J5 BCH 2L BUIR BR [ & T 4% %
RS WP 30 min, 7R AR FR GO T BT ER FL BUIR BR
F1%) LGS R % Jk 245 5% , 5% e U IR0 S, ] o7 400 1) I 0 B
) b P4 8Ir bL TR0 B T S TR IR
JH Tmage J #f’} ( National Institutes of Health, Bethesda,
MD ) 5540 190 JIEE TG 1 45 0 1 DX T AR . A0 IR G i A
T DX AR = G i AR T DX v AR/ A I T AR < 100 %
frd 6 HFLRL, 3 12 U0 R i

1.2.4 JOGEE SR CNV SRRl K AL B €57 /B
P J 5 0 40 10% K A SRR L IS TN Y SRR T o
FHBOL (B 532 nm, 13 500 mW, G BE B A2 K
50 pm, BRG]y 100 ms) J7 LA AR CNV, it
A7 AL 1) FE ' 06 B I, DL ) 03 7 AR I 4 7R Bruch i
i, BT O A RS o AR S B 12 FUN B
BENLE 7 REBEDL IS 2 D 45 6 H, i B
B AM 6 H CNV /NRIEZS TEKEWNE S
20 mg/keffit iz & 14 d, BERI X BRZH ) 6 H/N R4 T
FEN S AR B K . RS 5 15 RIEFTPOLRIRIE
1fiL.%& 3% %2 (fluorescence fundus angiography, FFA ) 5 %%,
FFH Phoenix Micron IV Retinal Tmaging Microscope ( 3&
Phoenix ${ REE W12~ 7)) id 5%, Al Tmage J 8 /F 3155
PRI JBE O 175 3 CNV 5 T 19 T BR, e 5H B 3R A B2
BRI B2 25 7

1.2.5 Western blot =41 HUVECs Az # ® I o it %%
HE o5 NBEASER B3 WX FKILRE HUVECs, OIR
BEAUFN CNV AS A [ 155 ] M Western bolt 75 &b B,
RIS E . SR BCA 3L E & A W . C B 5
W08 12% SDS-PAGE, & LM A 30 pg & A .

100 VAE HL K 1.5 h J5 4T PVDF 365, J] 5T & 73 %1
0. 5% Bifig W5ky (TBST W) EH MG MAR G R o5 K
AR B3 —H,4 CWF K, TBST PE¥ 3 K, A
AN —HUREH 2 h, TBST Pk 3 K, il i Aoy KOt i
BB kA I H B3 1, LA Bractin AN S &M, HEYE
A XS Rk i (% ) = A B8 B B R 0K 5/ M4 &
FIR A5 . Tmage J 2PEI0 A7 35 F RO K, OB B2
AL 50 BRZH (IR S0 Al i 27 52 9 v i) X BR 20 oy 8
I HE & VEGF-165 AbBILAT 5 1A% P4 3l 4y 52 36 v g 3of 41
RTURT R ) 25 5% . B SIIRER 3 W BOFME .
1.3 Gt eork

K SPSS 12.0 4 it 2% %k {4 Fil Graphpad Prism
6. 0( Graphpad software Inc, San Diego, CA, USA) # 47
GEAT o BT AR o AW 5 o I R 48 o 1) BB BT R R
BREUE L R IES S, L vxs £oR, AR 7
ASTE) B [B] J5 HUVECs 40 i 34 A: {8 Fb 8RR R 7
ZESIMT, I L8R T Bonferroni #5565 0 3 420 %7 3 40
Jf R TGHE T X AR OB A L B IR T AR BB R oS
FHE G R B3 AHR KB A BAR L BCR B R Tr 2
S3HT W FEECR F Post Hoe 4650 0 £ K B XS 4L 5
Wi E R AL A B G R oS FIBE R B3 H AN Lk
S22 S HEBOCR S AEAS ¢ R 3 o SR OO0 R A
2:,P<0.05 HERAGIFE L

2 #R

2.1 iz Z Ak HUVECSs 4i it 3% 4

A 440 85 55 A ) I ) S HUVECS 40 i 3% A=
e, 2 5 A Gt B L (Fyy =18.51,P =0.00;
Fuw = 13.45, P <0.01), H f VEGF-165 4t H 41
HUVECs 40 /it 3% 25 {6 W 2 & [ i [ o3 1 5 0 B4
VEGF-165+1fi iz 2 4k B4 HUVECS 40 i 34 4= {4 B A1
TR ) 5 VEGF-165 4b B, 22 5 ¥ 41 G i 22 T X
(# P<0.01)(FE1),

x1 ZHAAREFRARRERE
HUVECs 40 ffi 1 4 & b 5 (x5, % )

B2 Al it 8] J5 HUVECS 4 fifgdgg
o 5] o FeAN [ [8] )5 s 41 Jf 3 A

24 h 48 h
1E 3 X B4 3 100.0£0.0 100. 0£0. 0
VEGF-165 4k 3841 3 125.7+1.9° 136.4+3.0°
VEGF-165+1fit ¢ KAL#IZH 3 101. 422, 5" 112.6+2.8"

T2 F oy =18.51,P=0.00;F 5 =13.45,P<0. 01. 55 [a i [A] 45 IE % %

IR ZH L4, * P<0. 01 5 5 [ i} i) 5 VEGF-165 4b B4 [4 45, " P<0. 01 (¥ &
E 7% 5> #r, Bonferroni #; %)  HUVECs: A Jif # ik I 48 P B2 40 B ;
VEGF : ifiL 4 N B2 A K R
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2.2 Mt £k HUVECs 40 i #8417

IEH X R v ZF ok /N = ) HUVECs 4 it 45 6 i
/b VEGF-165 b 3141 rh ] 28 53k /1N 35 114 240 i 450 o B b 38
Z 1 4 Wi Bz 2 AL RS 2 N 2 0 40 0 B R O
B (ETA ~C) IEH X 4] VEGF-165 4b 3 41 L J¢
VEGF-165 +1fi} Bz Z 4b #2125 32 /N2 1) 240 I 5= 43 50l ok
4.420.7 .72.3+5.6 F135.89+2.9, MK L £ R E 4
% Y (F=85.74,P=0.00) , H:f VEGF-165 kb Ff
AN SO R o W A
VEGF-165+4fi fz % 4b #1241 78 i /N % 09 40 Jf 50 = 5%
VEGF-165 &b 3 21 B fib 3l /0, {H 475 4 15 % % IR A3 £,
E ST GEE  (1=17.43,P=0.00;:=5.76 ,P =
0.00;¢=9.92,P=0.00) (& 1D) .

1 Boyden /NE Transwell %4 & HMATEHEE N
TICBE T AT DL IE 0T B 2H 2F /0 A AN M R AR D (DAPT x20) B
YN BB T AT W, VEGF-165 2b B 41 25 5t /1N 55 A4 41 T 45 B 42 188

A POL R

(DAPT  x20)  C:% B E T Al WL VEGF-165 +1fi} J 2% 4b F 41 4%
VEGF-165 A LLgi/> (DAPL  x20) D #5412 3k /N (1 41 i 25 ik 1) ik
fbibdg  F=85.74,P=0.00. 5 1F % X 4] LL 4 ,° P<0.01; 5 VEGF-165
A FHEH LR P P<0. 01 (BN % J7 2% 43 7, Post Hoe KB, n=3) ik
VEGF . Ifil 4 P K A K F 7

2.3 Mtz F i/ OIR A5 AU rp 40 I 5 TG 78 12 IXC 1o AR
TEH 0 B vp oM A8 70 SCUE M, AR R R 28 Ji 3 )
DR A 38 53 TCHE 1 DX 5 OTR A58 A4 41 1l 45 3 b 2 3 3 1k
LA, 76 A28 1) 1 2 A AT L K T ARG I X3k 5 Al B2
B4k HZE PR D R, A I T IR s b (1] 2A ~ C)
IE 8 X R AL (OTR A5 7 2 1A Hz 25 Ak 38 21 I 8 1 X 1
FEA MR (1.920.4)% . (41.5+2.3)% FI
(23.322.0)% , BB ERARIT¥FE L (F =
32.16,P<0.01) , H v OIR 455 #Y 25 Jo o v IX I AR 4K IE
CRORCE IR TR N )8 (L R o e A TR AR
OTR #5571 25 W] g /)N, AELATH 0 T X BRZHL 48 K, 22 e 8
HEI 3B (1=27.36,P=0.00;:=6.02,P=0.00;

t=13.18,P=0.00) (|& 2D) .

PR B X AR E 43 H (%)

© % OIR m&?@
XPHAZH  ARARI] AbEE

2 FBAOIREBRMMELETIXLE A5 EME T IEH X
A AL AE AR 2R B vl DL JCHE A X B 2O% BB T OIR A7 21 m]
UK HE IR X Co 9 B BE I A Jz 22 Ak 4 00 99 88 I 1 X
IR D& 4] OTR ABIAR I RETCHEvE X bk thdg F=32.16,
P<0.01. 51F % % W41 1% ,* P<0.01; 5 OIR K% 4 [ %% ," P<0. 01
(K Iy 225747, Post Hoe K535 ,n=12) 4 : OTR : 4175 5 40 W) F5L5 A%

2.4 Mt ZMHEEOLTE T CNV IE A

Wit Kz 2 IR P TR S R DL B O E S
CNV 1A i b K Ji , Herh NV BE5E BRO A 5r AF 1 4
B R (197.5£16. 2) 18 R, Hit Bz 2= 4L HL 4% e 1
R4/, (95 1727.2) B R 2 M HIKERA
GiilsE N (1=5.79,P=0.00) (& 3),

®

3 FFARE CNV#ENBAMBEEZLEAFTENESRFR

TR A BB IR Wl WL BOBBEAL 5 A CNV B A
Ak 2 FR S T TR D, A IO BEAL 1 4 R

B A} B %

2.5 M RMEES LA NE SR o5 KBS R B3
1) e 3k

VEGF /] LIiE AR o5 NEAZE B3 MEETH
o TE OIR FI CNV Al 5K o5 L# 45K p3
AU 0 B2 e 1) 38 T v, T R B 3R TS P T T AR
STl G R RIK (B 4), VEGF-165 Ak 3 4 |
VEGF-165 +4fi} iz Z 4b 1 24 h 41 f1 VEGF-165 + 1} fz %
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AbFE 48 h 4] HUVECs F A% o5 FI A & B3 3
BRI, 25 AR FE X (F=27.63,P=
0.00;F=34.16,P=0.00), VEGF-165 +#l iz & 4k ¥
20h fHELFE S MBHEERB EARBIEIR
VEGF-165 b HI4] I R AK, 22 A Gt 238 X (1=
4.46,P<0.05;t=5.18,P<0.01) ., VEGF-165+#} jx &
AP A8 h HHE LR oS MG R B3 HHAMKRBEHK
VEGF-165 + Hfif f7 Z 4b ¥ 24 h 414 ff 7+ 55, B 55
VEGF-1654b FRALAH LL SRR, Z2 R A RIF % B XL
(1=6.54,P<0.05;:=7.17,P<0.01) (F£ 2), #Eg=
PR S R o5 KGR B3 M Kk OIR
AT B L B SRR AIS, 22 A G B L (1=5. 44
13.52, %) P=0.00) (£ 3) . #fit i 2 &b 38 4100 5] fi o
AR o5 REAFE B3 HIXT £ A B CNV B X

MR W] AR, 22 S A et %8 L (1=11.70 9. 52,
¥ P=0.00)(%£3).
12 3 4 12 3

Ao B BB - (50 (00 A% o5 = . -5 )
oz py . .. 00 HWAE B3 | 5] . . 110 000
Bractin D W G WP 10000 (oo, W GHD S 1) 000

1 2 3 (A) (B)

s
$® Q5 == aup === |50 000 Western blot 3% # il

IE H R @4
Mg p3 W= @B W 110000 HUVECs B A % o5 FIE S
EZ B WRIE A:VEGF-165

B-actin aasess @
IR AL R o5 FIRES R B3 KRBT mif i B 1l J 4L 38 24 h
J5 AR R A AL B B] R G, S R oS UG R B3 Rk
FHFwE LER X4l 2: VEGF-165 4 FE4] 3. VEGF-165 +1fi} F7
FAbF 24 h 4]l 4. VEGF-165+4fi{ fz 263 48 h 41 B: OIR AR 4]
BEFE o5 MG R B3 KRB BT, Mt % Ab 3R 1R IE R
LER XTHRA]L 2:OIR BEmI X M4l 3.4 Bz R AL 4]  C.CNV #i
RIS BB G R oS ARG R B3 RIBWI Ty Wit i RAL A B 1
FEMAL 1 ER R4 2.CNV BRI IRZE 3.4k Zab P

%2 KA HUVECs HESE oS MESE B3 WFRIKLE (xx)

41571 FEAR  BAHH oS LR B3
VEGF-165 4b B 2f 3 2.1620.18  3.41x0.32
VEGF-165+4it f % 4b 3 24 h 41 3 1.6920.23"  1.74=20.26"
VEGF-165+1fil f 4L 7 48 h 4] 3 1.94£0.36" 1.61x0.22°
F i 27. 63 34.16
P 0. 00 0. 00

I : 5 VEGF-165 4b 20 L%, * P<0. O1 (R 3K J5 2253 #T , Post Hoc 46
%)  HUVECs: AJBF Ik ML A5 4 B2 40 Ml 5 VEGE : i 8 N f2 AR KR 1

#*3 OIR AT RAM T RLEA
EERZ S REAR B AMREELE (x2s)

205 FEA BHE S BEE B3
OTR #4570 %:f HE 2] 12 5.22+0.31 6.41+0. 64
Mt Bz 2 A B A 12 3.17+0.23 2.41+0.36
i 5. 44 13.52
P 1Y 0. 00 0. 00

{E - OIR : 575 5 UL 190 SR 28 (ST AR A ¢ A )

F4 CNVERNRAMMERLER
EAR S RESGE B HEAMRESLLE (xs)

21 51 FEAS BEHE oS HEFE B3
CNV 555 18 21 6 4.24+£0.27 5.21+0.52
Hit Bz 2% 40 ¥R 2 6 2.17+0. 11 2.76+0. 46
I 11.70 9.52
P 0. 00 0. 00

T8 - ONV : BRES R AR L4 (S ST AEAS ¢ 4 4 )

3 g

AR VBT A A5 2 4 A7 A 1) IE 0 D) S0 ik 286 s
BN AR ZW AT, &0 B2 T8
B A o A R AR R AR B A AR,
JLF ROP .wAMD g B 35 4 o0 1 8 ) 2 ik 445 I
g AR SRR o PR TR AR LA AR RE R B A B LI
Wt K, 5 A 15 RV 2R I, 4 T L B2 4 2 4 0
IR, A FERAT TR R A" WA
5 RV A 106 10 A= J L R 2 o R A Bk
JR (A R i, 2 v B A 3k TR AR E A
M2 —o ABFRHPIESE T RAE LU TEM:
(1) 4 HUVECs Ry38 4= B2 47T RE; (2) )il OIR 4%
TRUR P BTG I A 8 1 DX OB B, R/ O 5 3 1) CNY
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