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(FE] Bx PRI PR A0 (RVECs ) J& 00 9 B 38 1 32 2243, 8 1k 36 4 G #8 DL K i & &
A SR AT N FERE PR E AL I A (DR) [ & B R R b R P S BEVE T . 2RIR A A- 1 (ApoA- 1) B E&EE
BEEATEEMBIEE D, AT R ApoA- T FE 1% IR B 24 0 ) B8 20 20 P9 52 v 36 ik, HLZE AN W) S 3R 48 o
Xf RVECs BIEAREMH HEAERBEINE TS RVECs AW AR RZDATEE. BB F5R ApoA- I Xt
R BEIEE T 555 N RVECs (hRVECs) A 947 S il 48 N e AE KR I+ (VEGE) RB M dl/EM . A& M
AR EL 10% i 4 178 1) DMEM & 5h 5 58 hRVECs JFA% 40, B3 ~ 6 AR 79050 . # Bi IR n 4 i 3k
A2 AR BE +ApoA- T 4 | 1= Hl 28 R i M + ApoA- T 21, 34 IR 43 4 43 B 7E DMEM 5 il 4 % 4 711 ApoA- T, ik 4
e i 5 mmol/ L, 25 vk B g 25 mmol/L, ApoA- 1 4[5 & ¥k i 2 30 pe/ml, R 40 - 50 H) & -8 .CCK-8 #:
6 0 240 it 25 2 R (WG RE A D) 5 2R T 40 A K 325 6 00 400 it %) 3 B 36 5 R P M T2 o, S 36 A 00 3% 7 A g
SIS RS ST 343 SR I SR 5% 9% 5 i PCR 3 Fll Western blot 32 #6420 41 il 7 VEGF mRNA K% L8 1 19 4 %t
Fikit, HEFR EORALAN NG A (A ) FIAN I E RS R B R TR AL, =B+ ApoA- T 41 40 ity 1 A= {5 I 21
MERRHEBMTEEL, ZR YA RIT¥E X (A{E:P=0.001.,0.033;iFF % .P=0.001.0.010) . fKHF4 .
R+ ApoA- T 41 =5 W 24 R 55 % + ApoA- T 4145 s 553 51 Oy (7. 250£2.217) (9. 250£2. 630) . (19.000+3.916)
FI(11.500+3.697) A A AL ER L 22 R A G128 X (F=10.335,P=0.001) , &5 4% 40 %8 i SO ME 41 B 3%
O, =M+ ApoA- T IR R WAL e B B2 W b, 2 R WA Sl 2¢ 8 L (P=0.001.0.037) , fLHE4l ALK+
ApoA- T 41 G WAL RN S M+ ApoA- T L4 tf VEGF mRNA X} 35 3k & 48 4 0. 944 £0. 083 1. 117 0. 204 .
1.768+0. 164 1 1.301+0.077, VEGF #& [ AHXF 33k &t 43 5] & 1.000£0. 130 1. 217 +0. 152 1. 871 +0. 101 FI
1.609+0. 087 , 20 [A] A Ho A 22 B ¥ A5 45312 & X (mRNA: F=18.640,P=0.001 ;8 [7: F=10.335,P=0.001) ,
HorprE bR 4 i b VEGF mRNA S H AR 1 19 4 % 22 5% 2 3 B 0 o3 FAIRAH 4L R s bl + ApoA- T 4, 22 R 9 4
J12 % Y (mRNA;P=0.000.0.004; % [4:P=0.000.0.029) , %% ApoA- I % & 5% F hRVECs [ 34 4: |
TR KE IR A A MEIER, flse 5T IR 40 VEGF By Rk H %,
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[ Abstract] Background As a main cellular component of retinal microvascular,retinal vascular endothelial
cells (RVECs) play critical roles in the occurrence and development of diabetic retinopathy ( DR) by proliferating,
migrating and angiogenesis. Apolipoprotein A- [ (ApoA-1 ) is the major apolipoprotein of high density lipoprotein.
ApoA-1 is overexpressed in the retina of diabetic patients and plays different effects on RVECs upon different
microenvironments , but its relationship with RVECs in high glucose environment is still not elucidated. ~ Objective
This study was to investigate the effects of ApoA-1 on proliferation, migration , tubulogenesis and vascular endothelial
growth factor ( VEGF) expression in human RVECs (hRVECs) in high glucose environment. ~Methods hRVECs
were cultured with DMEM containing 10% fetal bovine serum and passaged,and the cells at generation 3 to 6 were
used in the study. The cells were divided into low-glucose group,low-glucose+ApoA- 1 group,high-glucose group and

high-glucose+ApoA- I group,and the low concentration glucose (5 mmol/L) ,high contration glucose (25 mmol/L)
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and ApoA-1 (30 wg/ml) was added separately according to grouping. The proliferation and migration rate of the cells
were evaluated by cell counting kit-8 ( CCK-8) assay and scratch wound test respectively. The tubulogenesis of the
cells was examined by tube formation test. The mRNA and protein expression of VEGF in the cells was detected by
using real-time fluorescence quantitative PCR and Western blot. Results The prolifative value ( absorbancy) and
migration rate of the cells in the high-glucose group were significantly higher than those in the low-glucose group,and
those in the high-glucose+ApoA-1 group were significantly reduced in comparion with the high-glucose group (A
value;: P=0.001,0. 033 ; migration rate; P=0.001,0.010). The number of tubes in the low-glucose group,low-glucose+
ApoA-1 group,high-glucose group and high-glucose + ApoA- 1 group was 7.250+2.217,9.250+2.630,19. 000 =
3.916 and 11.500+3. 697 ,showing a significant difference among the groups ( F=10.335,P=0.001). The number
of tubes in the high-glucose group was more than that in the low-glucose group,and the number of tubes in the high-
glucose+ ApoA-1 group was less that that in the high-glucose group (P =0.001,0.037). The relative expression
levels of VEGF mRNA were 0.944+0.083,1.117+0.204,1.768+0. 164 and 1.301+0.077, and those of VEGF
protein were 1. 000+0. 130,1.217+0. 152,1. 871+0. 101 and 1. 609+0. 087 in the low-glucose group,low-glucose+
ApoA-1 group,high-glucose group and high-glucose+ApoA- 1 group,respectively,with significant differences among
the groups (mRNA:F=18.640,P=0.001 ;protein; F=10.335,P=0.001) ,and the expressions of VEGF mRNA and
protein in the high-glucose group were significantly higher than those in the low-glucose group and high glucose +
ApoA-] group (mRNA:P =0.000,0.004; protein: P =0.000,0.029). Conclusions ApoA-] plays inhibitory

effects on the proliferation, migration and tubulogenesis of hRVECs in high glucose environment, which may be
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associated with the downregulation of VEGF expression.
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s H A-1 (apolipoprotein A-1 , ApoA-1 )&
BIREE A R 5 5 B 1R OL , s % B IR AR
H b AR E A, FA iz i J1H A 2 4
Ak B B 46 S A R0 B BR 5 R IR 78 ( diabetic
retinopathy , DR') J2& W Ji i M 3 i 487 722 v ™ B 1 9
Iz — ", s A P PR R I B 22 ( proliferative
DR, PDR) Xf # D REf& T 5 0 ™ 8, 16 97 ROR F UG 42
2 E A B #E PDR (R A R R R A
o WHFERMT, PDR R BB ApoA- T & Lk
Tl T N R R e | S
BT HE— BT R IR R 2 1
P I 5 Z | 7 (retinal pigment epithelium, RPE) 1
ApoA- T mRNA F3EWI & B, L RPE Py i) %35 Bk
JoEE™ o R, E TR ApoA- T FH S 55 DR 3t &
AIWF5E D WA E o ASBIESE AR TT ApoA- T X A K i
1M N B2 41 il (human retinal vascular endothelial cells,
hRVECs) 344 L8 T8 iS5 2R W) A 47 O 152 0 K
H5 Mm% N K4 K W T (vascular endothelial
growth factor, VEGF) iKY R R

1 #MB5FE

L1 Mg
L1.1 ZHRIE hRVECs 2 F R e D20
112 E20G0 XA e s K DMEM B

I 4k (& [H Gibeo 24 7)) ; D-4 4 ¥ . ApoA- T (3£ [H
Sigma 23w ) 5 4 M 11 %50 58 -8 (cell counting kit-8,
CCK-8) ik & ( L 2 = KRAEWHRARA R LA ;
Matrigel & 5 I8 ( 22 [E Corning A 7] ) ; Pt A VEGF-A
Z i EDLIA (abd6154) HaHi A\ B-Tubulin 2 58 i BT K
(ab6046 ) ( 3 [E Abcam 24 ®] ). CO, ¥ 3¢ 4 (1& [
Heraeus 23 1) ) 5 8 8 A 22 W 3% ( H A OLYMPUS 2t
) s BEI R Z 58 (52 [E ProteinSimple 23 H] ) o
1.2 pFk
1.2.1 4ijfds 9 Kyl hRVECs & 10% Jii 4 i
SH1 DMEM B 36 5T 37 °C A BUMK 5% CO, HLF
DB B SR AR T R AT B R, A0 M AR K 80% Rl I
FRIR 12 ~ 1 ARACRE SR, 03 ~ 6 AUA ML T 55 5
K 40 1 53 9 AR B (5 mmol/L) 15 57 4 K B + ApoA- 1
B R SR 4 B+ ApoA- T 41, 4> B /E DMEM K4
Fr B IR INARORE (g 4 BE 22 )% 0 5 mmol/L) | ApoA-I
(2R B2 9 30 pg/ml) i1 e (i 760 Wl 24 9% B2 Oy
25 mmol/L)
1.2.2  CCK-8 Lk 4 g AL fe ) B B K
F%) 200 ) 2 B2 A O 4 R 2 96 FLAR, AR I R
4x10° /4L, WALV 5 AN AL, WL SRS G 4 Lot
S IR BL R E 24 h, A CCK-8 3 7l 4k 22 &
3 b, AIBEFRL TS 450 nm LA 45 FLIROERE (A) 1E .
1.2.3 4 i S S 0 A 00 240 i 1) 3 4% g 1 40 i 4%
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P2 6 FLEF IR A, 5 40 M A K & 90% @b & )5 1 10 pl
oSk R, A PBS 33k L 2 B VR VR 40, K5 i i 43 41
I G 5 35 0 BT R 9 48 T k2 15 5% 24 b 43 5
THITE O b A1 24 b A5 100 A5 (18 flb T WEIF
Image J 45 A7 40 0 2 Rl 9 B B0 — R IXAT:
IS AR B — LA 4 O 20 AN a5, T A AR
R B8 B BOF M, IR iR A % . AT
R =(0h RIJE % B -24 h QYR ) /0 h %R 58 ¥ x
100% . RRHAiMIisE 3 MFEAS , SCIR 5 3 K.

1.2.4 ¥:3#19 hRVECs B L #-20 CIA4E
1) Matrigel 5 i & 1 4 °C UkKAE h it 1%, (58 S o
[0 FIVA 1Y) 48 FLAR H i A Matrigel 35 i, A FL 150 wl,
37 CHEE 30 min {1 EHE R o K B2 Rl 55 37 L b i 40 i
SR A AL ARG SR S E R, DA 3x10° /LRl T
CLEl A 48 FLAR P, B T 40 M b 24 P 4k 2215 978 h,
FE 200 5 ) B 5608 T 005 45 2 40 i - 0 AT BEAR AR
RIS AL A R RECE L IR O
1.2.5 SCHF986 5 & PCR 341l hRVECs H VEGF
mRNA ({35 Bi 3209 hRVECs i 3x10° /L i1 %5 i 4%
T a6 fLEFFRAR T G 3% 24 h, BT I3 15 7R LR
AR 12 h Sy I SRR R IR AR S 1 7 24 h g4
B3 AR AL, WA AN, Trizol 52 HUE RNA | %
HMF 66T E B RNA (e J3 Al 1, 43 310 5 3%
K- 260 nm F1 280 nm Hf A 5, Ay . /Ay . K 1.8 ~
2.2, B RNA 8% 565 B cDNA, T =20 CLRPF. X
1 pl cDNA #4 5% 20 wl (1 52 R 1A F, 47 52 I 26 2 &
PCR ¥ 34, )2 B % 1 :95 °C Hil AR 14 30 5395 CARPE S s5
60 °C3iE & 30 5,73 CZEAf 1 min, 3t 40 P fEH, VEGF
5B 9.5 -CTTGCTGCTGTACCTCCACCAT-3" |, R i
5] #):5° -TTGTGTGCTGTAGGAAGCTCAT-3 " ; B-actin |-
W54 .5 -~AGATTACTGCCCTGGCTCCTAG-3" , F i8]
#):5° -CCTGCTTGCTGATCCACATCT-3" | L), B-actin {E
W5, R 27 R B 3 R A AR X ik

1.2.6 Western blot £ hRVECs tf VEGF 3 3%
BN B3R hRVECs # 4x10°/fLI H BE 1R 2 6
FLRG FRARAL B, R I B 38 TG I 785 5 SR LR B 9% 12 h,
SR G RE FR AL AL 3 B AL, Ak B R
24 h, PBS My 3 Uk, A S 2L i 40 i, IR
B0 U B, O BCA B 2 R E, A B A
R E A . BALE N LR 50 png, 100 V fHE
TRAT B V0 T M 5 S LYK, 2 T 100 VR R T A
120 min, 5% 55 (19 PVDF JE i 5 4350 5% B IS 0
R 1 h, — PO BB B Pl A VEGF-A
Z PR (1:1000) #l B-Tubulin {4 (1:2000),

PVDF A& AR B BT i & &, K F#E K | 4 C
JFF A . TBST Z £ UE 3 U, UK 1S min; FHATA
TBST Fi B 1L 5T % 1gG, % il T H 2 h, TBST %
WHEYE 3 K, AR 15 min, ECL & {4, LI B-Tubulin %
WNZ A HREA RN RE, HIEOHXRER =
VEGF-A JK JE {8 /B-Tubulin JK FE{H .
1.3 Gitsorik

K SPSS 16.0 et 2 B AF AT R T 0 b7 o AT
S FP ) S AR A B BTORE 248 Shapiro-Wilk 46 56 1 52 5
BB, UL vxs R o R M 43 41 04 /K7 52 56 %
TEARBEZH ARKE + ApoA- T 21 & b5 41 Fl il + ApoA- |
4118 hRVECs 34 {1 (A {H) (A IIT RS A A5 TR TP Rk
H 40 VEGF mRNA Kz HCH [ AR R 2 3k 1 B ik 22
S FUHCHE) R FH SR 2R 7 22 53 M, 24 1) 7 4 LE %5k Y LSD-¢
Ko RHDSURARLIN %, P<0. 05 Sy 22 A GE i3 o

2 #R

2.1 %4 hRVECs My RETI 0 HL#E

ERBEAL ARHE +ApoA- T (RiBEZH | mibl+ApoA- T 2
A A (A 1) BAR R, ER AR E L (F=
8.728,P=0.001) , Horp w4l A fE W] 2w TRBEAL,
ZESFAGI AR (P=0.001), @H+ApoA- T 41 A fi
W AR T b, 2 A G E E(P=0.033) (K 1),

®1 SHMAEGEBELE (xss)

451 FEAS 4 A

fomk e 5 0. 603+0. 035
I HE+ApoA- T 41 5 0. 647+0. 033
[=F 5 0.716=0. 043"
F B+ ApoA- T 4 5 0. 664+0. 053"
F1{H 8.728

P 1 0. 001

T SR H A, P<0. 01 5 5 i Bl 4 HE e, P P<0. 05 (B[] 26 07 22 4%
Bi,LSD- #3)  ApoA- I ZNE& 1 A- 1

2.2 454 hRVECs iIE % R 1 L&

VRGO b 0S4 AR BE + ApoA- T & 4 20 A &
B +ApoA- 1 ZHRRJEEEAHIR] . A T Filf5 24 h, % 41
A0 1 KR A (B 1) o AROBE 2 IOBE + ApoA- |
ZH v B 4 R OB + ApoA- T 4 41 M 4 3T A% R 4 Bl
(0.247 £ 0.047 )% . (0.283 £0.032)% , (0.417 +
0.057) % F1(0.348+0.041) % , 4[] ik b 2% B 4
it L (F=11.000,P=0.001) , F o i b 41 20 g
IEAS AR B AL W 0 T, o+ ApoA- T 2H ¢ bl 41
MMLER F W WM, ZRYARITERE XL (P=
0.001.0.010) ,
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(D)

E1 XJRE24h SEBAIHERL(x200) A A4 RIIR DL 5
AN R SRR — E LR B AR+ ApoA- T 1R e TG AR
JE X BE 5 AR AL HR A o R L R 9 v g T A L I B T /D
TARKEL D +ApoA- T 2H Rl rb S 6 2 B X 5 BE /1N F AR M 4,
[UEEPNSRE ]

2.3 K4 hRVECs {RHME I TE BURE J1 1 L34

i ] Matrigel 5 J5T Ji AT 375 5 42 b 15 % (19 hRVECs
WA 454 . A ML AE 55 37 5 4 h JT IR 2 U8 s 45
o, 35597 f5 8 h B AT # N7 A 1) A T s A (18] 2) .
L AR + ApoA- T 21 . =y B 2 i B + ApoA- T 4
[A5 108 B0 4% ) R (7.250 2.217) . (9.250 2. 630) |
(19.000+3.916) F1( 11. 500+3. 697 ) 4, 41 ] s Ak Hb 45
ZERAGIFE L (F=10.335,P=0.001) , mHdE
i A AP A 4 S T, 5 B+ ApoA-T2H 4 v B 4 4 s
B W, 2 R A ST E L (P=0.001.0.037),

2 Matrigel HFSERNZHBERFAER (x200)

[
BB L TR, mbE+ApoA- T HEEEAR T R4l A ARHA
B KM +ApoA- T4 Coighidl D:willi+ApoA-T4

2.4 4] hRVECs #' VEGF mRNA X} 3255 & 1

S5 S B PCR AN 45 5 o  AIRRE 4L G b +
ApoA- T #H 75 W5 20 F 75 B + ApoA- T #H 40 g b VEGF
mRNA A X} 3 ik & 43 5] 5 0.944 £ 0.083 1. 117 +
0.204 .1.768=0. 164 F1 1.301 0. 077, 41 [a] i {4 L %%
ERAGIFE X (F=18.640,P=0.001), &Hi4
YL VEGF mRNA [ A5 X 3¢ 14 5 B 8 = FACKE 4L,
B+ ApoA- T ZH 40 i VEGF mRNA {19 A XJ £ 5 &
WAL TR o4, 2 R WA S % 2 L (P =0.000,
0.004) (K 3),

ﬂgz.s B3 %% hRVECs fi VEGF
2or i mRNA #8 7 % i 8 8 bt 8%
Z15¢ b F=18.640, P =0.001. 5 {i 5
Z 10} AL EE " P<0. 015 5 1 R 41
éo.s- B,"P<0.01 (FLIH 3 )5 % 43
= Wi, LSD-1 % ,n=3) VEGF;
~ 0.0

M5 N B2 AR AR T 5 ApoA-T
BIEEA A-1

R4 (W PB4l i
ApoA- | 41

ApoA- [ 41

2.5 £541 hRVECs 1 VEGF 2 [ A X 3k & 19 H 3%

RPN VEGE 2 11 3R 3K 451 355 , & Wi 4
i VEGF 8 1 3R 3K 554 ol , =B+ ApoA- 1 41 40
firh VEGF f [ 383K 4541 o TR 20, (5 55 T s bl 4l
(FE4A) . KA VEGF 1 AR X R 35 5 43 5 R
1.000+0. 130 ,1. 217 +0. 152 1. 871 +0. 101 FI 1. 609 =
0. 087, 21 [a] SR LA 25 % A7 Geih % 3 L (F =10. 335,
P=0.001) . 442040 VEGF 2 13 AR X R 3k &= B
B TACKE 4L, = b+ ApoA- T 4N ileH VEGF 2 A #H
X RB R BT S, Z RS ERE L (P=
0.000.0.029) (& 4B)

ok 0K+ A4l Eb MNAT 4
ApoA- [ 41 ApoA- 141 Fidk
VEGF “%& &= W & 10000

Western

blot % # Ml & A

T B A R,
Wi+ ApoA- 1 4H 40
i VEGF
Fik Fal TR
WAL, 59 T o bR
B: #4400 h VEGF H F AR Rk M R LR F=10.335,P=
0.001. HALHEA L, “P<0. 01555 i B2 b2, " P<0. 05 (HL [N Z 7
2500, LSD-t #a ,n=3)  VEGF: il % P 2 4 K 1 15 ApoA- T - 4}
BRH A A- 1

I
N

i hRVECs & VEGF
[?)—Tubulzl.n5 - 50 OOOQEEE{]%‘ﬁ A
. & U@
2.0 VEGF % ik i 3k
£ s R
£ 41 g ' VEGF 25
o 1.0 EE3IY 33 LB

=

IRBEH  (hE+
ApoA- T 41

FAL
ApoA- [ 41
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3 itig

RVECs J2 1 o0 [ 4 9 3 28 4 R 20 i , L 2 g

f9 5% W & DR F 200 A ALl 2 — o WF 5% kB,
RVECs [ 5 % 1 4 2 5 00l 45 8 19 % L, RVECs 1Y
FOAL R BT LA R R AR S 4

RN, mEPREE A LMEE hRVECs (3 4 2 8% 14
I 8, AE X SE A HT AT ApoA- T Fir 4, B ApoA- 1
Xf i R EE T 1 hRVECs A — & M9 1EH]

ALY 58 A i B DR & ) B AR AR,
DR 1 & J& i B2 52 AR 22 8 455 I 09 458 i % 1Y 52
wg " M VEGE Uk A oty 2 o 0 42 1
T, AT B 45 5 IR RO A I TR B, 8 AN i — 400 R e
A, SO0 1 5 L L A R A T
J K P 2 5 R e il kAR, B 4 BUOLIM RS
o B B BE K B AR BIE SRR 0L 5RO 4 I B +
ApoA-T 41, & ¥ 41 A1 & B + ApoA-T 4] hRVECs
VEGF [ S H mRNA (1 3k 8 4k, 45 5 %k 3 s i 21
BARFHAL 2 VEGE 3K B THm , M5 B + ApoA- 1
B B AL A0 M VEGE 23k 18 FE AR, U6 v Bl 5 55
A 3 hRVECs ot VEGF B335, 34 9 41 il iy 385 4 iF
A I LEE 77, ApoA- T Wi 1 R 9 VEGF (1) 3k
R AN 40 M E R BE T .

ApoA- T J& W W J15E oA g o 3% iz ) B I 5, AL
AR T PR RIS BRBE ), B8 B 1k B8 o AR ML M) i rh
MR I R W L B R SR B R AL
7 R A R it 4 Aot 9 01T, ApoA- T AR A A
B, AT F W, ApoA- T Al LI Bl 4 36 855 v il
AR Bk A B 40 L PI3K/ Ak 5 i %, B 9 ik 50055 5
F-1a(hypoxia inducible factor-1o., HIF-1a) , fifi VEGF
VEGF Z{k 2 Fijafb K ¥ CXCLI12 &5 ifil 48 H 4= O 5 [l
B R G T R 5 I DA B A ) 3 A AT RS
20 A A R BT . SR, AE R AT
ApoA- T Wit i IffL 45 P B 4 i A% %% % A 1--k B ( nuclear
factor-kB, NF-kB ) 1§ 5 # % F & HIF-la, TNF-qo
VEGF . VEGFR2 } CC #{k A T A ik 2 ( CC chemokine
ligand 2, CCL2 ) 4 I 48 3 A= B 7 19 3 35, DT 410 7 58
53 007 2 0 Y BT AT L ApoA- T 7E A ]
TRCPR 5 v 0T 1L A8 PN R AN 5 2 AR T, 45 A
WHIE 45 R R B, ApoA- T REGZ 41 i = B PR 45 RVECs
H VEGE 3%k, i il HRECs /3 A= i 7% A4
EIE J8C, %) e B #1456 P ) RVECs R IEGR I 1ERT, 0 DR
4 9 B AR T SR AL BT A BB o T DROA e AL AL
HEH ARV IR T ApoA- T X 1A 5 i 4 35 5 o

hRVECs W52 IR , 1 /A BE 4 1 [ 38 ApoA- 1 #£ DR & ¥
PEER . AN, AWFSRAL LI T AL h VEGF 1%

ik ﬁﬁApoA-I?‘ﬁﬂﬂ hRVECs (1) H /& HL il B 1% i £ &
(4, i T HE— 2B SR
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