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[Abstract] Objective To observe the effects of tumor necrosis factor-alpha
+ (TNF-a) on the expression of autophagic protein Beclin-1 and cell proliferation , migra-
« tion and tube formation of a rhesus macaque choroid-retinal endothelial (RF/6A) cells,

and explore the preliminary mechanism of the role of TNF-a in retinal angiogenesis.

¢ * Methods Cultured RF/6A cells were randomly divided into the control group, TNF-«
’ group and TNF-a +3-MA group according to the different treatment in culture medium.
¢t After 24 hours and 48 hours, Beclin-1 was tested by Western blot analysis and cell prolif-
g eration ,migration and tube formation was detected by MTT assay, scratch assay and
: matrigel , respectively. Results After 24 hours and 48 hours, the ratios of Beclin-1/-
. actin were 0. 673 £+ 0. 017 ( TNF-o group,24 hours),0. 491 = 0. 017 ( TNF-a + 3-MA

angiogenesis; retinal neovascularization; inflammation; autophagy;

+ group,24 hours) ,0.792 +0. 006 ( TNF-a group,48 hours) ,0.504 +0.007 (TNF-« +3-MA
group,48 hours) and 0.268 +0. 017 (control group ) ,respectively. Expression of Beclin-1
¢ by RF/6A cells in TNF-a group for both time points was significantly higher than the
’ control group (P <0.05) and TNF-o +3-MA group (P <0.05). The cell relative growth

coeo00

? rate (RGR) were 1.410 £0. 010 ( TNF-« group,24 hours),1.290 +0. 004 ( TNF-o + 3-
MA group,24 hours) ,1.320 £0.011( TNF-« group,48 hours) ,0. 180 0. 015 ( TNF-« + 3-
. MA group,48 hours) ,1.000 0. 020 ( control group,24 hours) and 1. 000 +0. 011 ( con-
, trol group,48 hours) , respectively. RGR in TNF-a group was higher than the control
, group (P <0.05). And the promoting effects of TNF-o on RGR of RF/6A cells was in-
. hibited for both time points when pretreated with 3-MA (P <0.05). The migration dis-
+ tance were (345 +28) pm (TNF-a group,24 hours), (259 +77) um (TNF-a + 3-MA
¢ group,24 hours), (762 £55) pm ( TNF-a group,48 hours), (659 £48) um ( TNF-a + 3-
¢ MA group,48 hours) , (195 +63) um ( control group,24 hours) and (412 +94) um ( con-
¢ trol group,48 hours) , respectively. The migration distance of RF/6A cells in the TNF-«
group was significantly longer than the control group (P <0.05),and it was decreased
. when pretreated with 3-MA ,but still longer than the control group (P<0.05) at 24 hours
, time point. Compared with 24 hours, more cells migrated into the scratch areas at 48
. hours and the differences among the three groups were similar to that of 24 hours (P <
+ 0.05). The number of tube formation at 24h werel1. 80 £0.81 (TNF-« group),7.50 +0.72
¢ (TNF-o + 3-MA group) and 4. 30 = 1. 12 ( control group ), respectively. The number in
‘ TNF-o and TNF-a +3-MA groups was higher than the control group(P <0.05) ,and that
’ in TNF-a +3-MA group was lower than TNF-« group(P <0.05). Conelusion TNF-«o
¢ can promote proliferation, migration and tube formation of RF/6A cells and induction of
g autophagy ,and TNF-« plays an important role in regulating angiogenesis.

A0 A R AL R A E KR B AP IR L B F o Beclin-1
B E’] KA TIN5 3R 5L B F o (tumor necrosis factor-alpha, TNF-a) 34k $13% 75 64 12

TR IR L T/ AL B P R 4 L

& Beclin-1 & 20 JiL38 78 3T A5 A 2T R 09 % oh 4R TNF-a A 5374 b % A R 09 THEMLH . ik ¥ A

K B 469 RE/6A s A = & s B8 TNF-o 2842 TNF-o + 3-MA 20, 3% 75 24 h 48 h J5 £ /| Western blot #| 4 i, Bec-
lin-1 & & #9 kA, MTT sk Ah ] 28 38 74, 40 I8 %) JR ok A ) 2w B0 i £5  Matrigel SEAa M B I Bk, SR 325724 h#48 h, &4
Beclin-1/B-actin Ye4& 4 512 TNF-a 28(24 h) 0.673 £0. 017 \TNF-a +3-MA £2(24 h) 0.491 £0.017 \TNF-« £2(48 h) 0.792 =
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0. 006 . TNF-o +3-MA £8(48 h) 0.504 £0.007 . & 2+ 820 0.268 +0.017, TNF- 28 RF/6A #a 8, Beclin-1 9 2iA S 25 F
=@ PR (P <0.05) , TNF-o +3-MA £ Beclin-1 #) % ik 88 TNF-o 2080 B8,V (P <0.05) . & 20 %0 iR 69 A8 %438 78 F 45 7] &
TNF-a 28(24 h) 1.410 £0.010  TNF-o +3-MA #£8(24 h) 1.290 +0.004 . TNF-o 28.(48 h) 1.320 £0.011 ,TNF-o +3-MA 28(48 h)
0.180 +0. 015 AFAE£0(24 h) 1.000 £0.020 %+ F& 28 (48 h) 1.000 0. 011 ; TNF-o 28 m JitL 69 48 3 36 58 & 34 452 G s B 409 &
(P<0.05),3-MA FAL 22 5 , TNF-o 12 3t RF/6A 20 ML38 78 69 4% /1 A2 B AN B 18] 639 % B 4941 (39 25 P <0.05) , &40 4m gL e AR
EAIE B 4 5 & TNF-o 28 (24 h) (345 +28) pum  TNF-o + 3-MA 48 (24 h) (259 +77) wm, TNF-o 28 (48 h) (762 +55) pm,
TNF-o +3-MA £8.(48 h) (659 +48) um. % & T 4 (24 h) (195 £63) pm 5 & *F B2 (48 h) (412 +94) pum; TNF-o 48 22 28 RF/
6A it 24 h 4945 B3R T2 IRLL(P <0.05) , /e N 3-MA FAAL 3 )5, iX AP 3G %A A A AT T, 240 KA 2% T B 2n (P <
0.05);3 748 h, # S EBARIRERIR, 524 h PRI, REIAZ M 27524 hibed R EM, 2ZF A% FEL
(P<0.05) ;3524 h &8I =T R A3 : TNF-o 28.(11.80 =0. 81) A~ TNF-o +3-MA £8(7.50 £0.72) /.2 G s+ B 41
(4.30 £ 1. 12) AN, TNF-a 28 % TNF-o +3-MA 208 B T A3 & T x4 (39 4 P <0.05) , TNF-o +3-MA #413% TNF-o 209 2
MY (P<0.05), £5i8 TNF-o sE 45423t RF/6A tmieag3g sl it 4 A F R AR 4 M a9 ik, B TNF-o 4R 3E R X 40 i B o5 2 fn &

AT RBEEZ PR,

3 FUEL: )RR IO I A= il A8 2 MR BOE 1Y
SR, Gn R ) LA I i 72 | 38 G B s A0 oA
AR A o OBTAE IS TR S — A5 e 22 Fh 2 i A 43
T et A8, 32 S5 BRI A R D) FEE oft 22 2 21 11
e AU SR TR R I Bk A 2 [ P A - B R Ak
I A5 A o8 R 5 PR R, DA T Sl 38 1A B 4 e 15 5 0
e, AE AR o R ILHAEN, et BT
ALHEAI I BT A I A5 T PR BT A I A R 3 6
T, 1P ) B O A A i R e A, DU iR T 2
T3 A I AR DG IR B A AT 5 o S 20 it dd aet 53
W22 A0 i DXL 5 W) PN R A 0 1 2 R AT RO
SZIREM 2 5 M8 A U  (H 2 0E 175 5 0 18 A=
SR 14 A 52 4 B BRSO SR T T o (tumor
necrosis factor-alpha , TNF-o ) 7] 5} 1,2 — Fp 55 2 AU 42
I A5 A 8 R, 0 O B 45 A i b R EE AR
HEAEZ SHHOFAYI . 3 W& EAZ A )56 £
TE R AESRE A0 N BR800 — Fh B F AR L, A A T
AN 25 R EREE o T AEORMTSEIESE, A A W
PRAT I B VIAH G, T 240 M 3 05 SR 48 s v A
PR BAh, O MR T AR ST R B, A S
2 1 T AR A A T . R R R,
iE 5 AW 0 AR R 3 22 (R B AR AR AR S VIR
T 5 T A L A AR AT BB TNF-0 2 5
PG JEERI A A TR L 2 — o O T Bk — i
T, AN S DR ] A AL I I A PN B A i R RF/6A
FIFFERT G, WS TNF-o Xf RE/6A 4l 61k H I 5
1 S A LG 5 RS A IR LR 5

1 RS

1.1 ##Fn448

1.1.1  ## 5 RE/6A 4 R0 [ E B2 e i
RISE SRR ZE DL 23 A0 L2 . RPMI-1640 41 i 3% 77
W A 2 [E Gibeo 24 W], BEME I MTT 5% & 1 B 4t
ERRFEEMBAGIRA ], B wgim gl 3-H &R
MZ R4 (3-Methyladenine ,3-MA ) Ity B 22 [E Sigma 2\ 7],
Matrigel ¥ 5 3 [E BD /23 A, TNF-o {5 W 5 VG 4R}
RAEYIBH A R A, BT Beclin-1 B 5w BT AR K B
H 3 A bR 10 B S AT BR e i 3k 2R 1 I B 26 [

Sigma 2\ o

1.1.2 44 ¥ RF/6A 40ME T 37 C &M
5% CO, B34 i s 55 . TE g a8 52 b oy
FMA PBS 10 wg « L' TNF-o 10 pg + L™'TNF-a +
5 mmol + L' 3-MA (3-MA FiAFEZ0ML 1.5 h) , 4351

R 7S IO BRAL  TNF-o0 2 TNF-o +3-MA 41,
1.2 77
1.2.1 HBHEEH Beclin-l {94 % F] Western

blot % #5 I B W b5 25 & [ Beclin-1 )38, &4
RE/6A il 4 d,PBS 3G d- T MO 24 .
Bradford ;3 il e A i AU R L & o & 50 pg
R AR M A7 W SDS-PAGE BRI HEL K, % %) NC
(REPREF 4 R ) B I HT Beclin-1 B 50 BESTIA T &
JE AR o E ALY AR IC RS BT DBA A BEAH
F BandScan [EMG A 1A 56 BUARAT % B 3 AT, 4 45
RE5WNZ B-actin [ IE L, THEAIEE EE

1.2.2 ZpaiEsE  RA MTT A0 40 i3 E . B
PRI A, 55 B35, R e A S A
FRFUEL 10% JiG 48 L35 1) RPMI-1640 1557, &
BT WA BB A A TTE5, B 20 6 %% R T R
10 x10° mL™", RA%ESL 200 WL 40 i B i 3 3] 96 £L
M rp , TEEEFRAR T AR 2L 55 57 24 ho WS SR UG o1
WA &4 PBS. 10 pg + L™ TNF-o, 10 pg - L7
TNF-a +5 mmol - L™" 3-MA 835 %, W) — 41 514
W3 NESL. 20 T42524 h 48 h J5, BAfLinA
5g+ L7 MTT % 20 pL, & T 37 CRAG 4k L2
B4 h, FHRGS B R A AE 570 nm P4 A0
LGRS BEARL, VA 20 5 5 230 (AR X S A %8 = SR

H/BITEXT IR x 100% ) o FRATE R A 3 K, BOF
HMH.
1.2.3 ZHBER R0k A I 40 LT 7%

P S 2E7E 6 FLACH ThTIm 3 2% (8] B 25 ) 1) B A
SENLR . 5 RE/6A 40 g 4 IR 54L 500 x 107 -4 i
AT 6 S, 157 24 b JE oy 40 4 S i 1 AR
FLIEHR, 1 100 wL 1988 W0AE Sk i, il 2 o 7 T
figk o BRI E AL BB R/ il i e il PBS
PEVERE R AL 3 WK, VRV BRI Al S A2 1A
IIHC1 % S LTS P RE IR, 20 T AN L A 25 Ak
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M, BHRE 3 NESL, EREL 3 R, ARIE R
W AR S8R L AE R O h B[R] SE SR 5 o K20 4k
ZEEESR 24 h 48 h 5 I S W A B SR 9E B
FH Image J G40 PRECAE T RIIR 56 B (FEXHE RS B
2 =24 h5{48 h iZRHEES -0 h iE R IR ES) .

1.2.4 ZFREHBKEN R Matrigel 354148 152
WMo ¥ Matrigel B F 4 Cilmfb. fEBEH TIER
HE 96 fLARTE VK 454, B AL N G218 i A 100 pL
WS Matrigel, 71k RE/6A 40 i1, & 17K L4 %
10% R 45 L35 ) RPMI-1640 135 37 B 2 200 x 10°
mL ™" BRI A AN B 50 pL, AN A
AH L A T LR 35 77 2 S 259) 50 pL, W58 24 h J57F
AHZE R T WS, FEAILI 5 > K 200 4% A9 1 B
HEAH , R H Image J B 53 B 44 1158 50 3848 B 4K
(B 3 A3 U /E— A 1), BOE 4. R
W3 AR, EE S 3 IR,

1.3 SHit=ZEDH AU U « frifE 2=
(% =5) R, 2Kk H SPSS 19. 0 Bk F3E47 40 #r , 4 18] 22
BREUJT 2247 #7 f Student-Newman-Keuls £ 56 347
Fbi, P <0.05 hZERAGI#E X

2 #R

2.1 TNF-« 3t RF/6A 20 f13 % Beclin-1 B0
TNF-o 20340 24 h 148 h,RF/6A 4ijiti Beclin-1
R A E IR & T2 X R (8 P<0.05);
TNF-« + 3-MA 2 Beclin-1 B35 H 8 TNF-a 20
BIg/ (P <0.05) ;44 Beclin-1/B-actin H{H 43 51
J& TNF-a 41 (24 h) 0.673 £0.017 ,TNF-a +3-MA 4
(24 h) 0.491 0. 017  TNF- 41 (48 h) 0.792 =
0. 006 \TNF-o +3-MA #H (48 h) 0.504 +0.007 .25 [
XFREZH 0.268 £0.017 (& 1),

Figure 1 Western blot electrophoresis bands of Beclin-1 protein

Beclin-1 % 1Y Western blot Hi ik 25717
2.2 TNF-oa %t RF/6A fARIEEAIENE B 540
24 h 48 h 153145 4 20 i A AE X S AR 2 43 1) S TNF-
a Z0(24 h) 1.410 £0.010 ,TNF-a +3-MA 4{(24 h)
1.290 +0.004 TNF-a 2 (48 h) 1.320 +0. 011 ,TNF-
o+ 3-MA 21 (48 h) 0. 180 = 0. 015,25 (1 XJ B 41
(24 h) 1.000 £0.020 .25 (4 5%F HBZH (48 h) 1.000 +
0.011, 525 X} AL AI L, TNF-a 4124 h }Z 48 h
S A G B A T, E R A G (Y
FP<0.05), 3-MA Fikb ¥ 5, TNF-o {1 F RF/6A

YHMIIGFE Y RE JITE 24 h F1 48 h 52 B30 (¥R
P<0.05),

2.3 TNF-a 3t RF/6A AT RBEIENE  41IERIE
S A5 R #5240 IR A A X I R RS Al
TNF-o 44(24 h) (345 +28) um \ TNF-o +3-MA £H (24
h) (259 +77) wm  TNF-o 24 (48 h) (762 +55) pum ,
TNF-o +3-MA 41 (48 h) (659 +48) um %5 [ % FE4H
(24 h) (195 £63) wm %5 FAXTHRA1(48 h) (412 £94)
pm, $55E 24 h 5, KREAIEESHEANERX ., 52
F 6T FRZHAH B, TNF-o 21 RE/6A 40 ifd 3T 5% BF (3 14 i
(P <0.05), /A 3-MA TiAbFE 5, 3 A s/ A
TR R ABAT SR IR S T2 LW BRZL (P < 0.05) 5 %
7748 h J5, W2 MIE R AR X3, # 24 h B2
. [RFE A Z B R 255 24 h B 45 RS
L, 225 A g L (P <0.05; WK 2),

2.4 TNF-a %t RF/6A MEBRFEEEE Kk
24 h 5 2H 20 M 4 O A 2 TNF-o0 2H (11. 80 +
0.81) 4 TNF-o +3-MA £ (7.50 +0.72) F125 [
XTHRZ(4.30 +1.12) 4>, TNF-o /£ 24 h J5, 240l
BT B3 £, 3-MA Fiab 35 XA Fri/b (1
3) o B =4 RE/6A 4 I B 58 38 4 s B R
TNF-o 411 TNF-o + 3-MA 4159 %0 H 2 5 F 25

K BRLL(P <0.05) , T AT P I ) 22 S0 AT e 2 2
X (P<0.05),
3 i

T A LA P JS A LA A A A I A B
IR A IR o R AR N B AT B TR 5
MR,z e F A TR EF RS, 5&
e N T AT 14 B 40 L R T B B I A,
AL ML PN B AR A A 9 B A AN RS TE 0 1Y
M, FELATHELTMARB ISR . IE
HEOLT A2 MU J PR 3 04 il DR 5O A, —
LGP TR 2 6 o A A et B EGRAET  R
SIS S B, TNF-oo 75 N384 58 4 HR g s R 0 JBE 3T A
ML Sl PR TR o e Tk 494 5, it I ke A 2 i 4 B TR
ERJRITR (RER B BB R A 2255 A0 ) 1 B s 2 AR
PRITAS S A AL R, 36 58 5 70 20 A 4% TNF-o 7E
NI 22 b IR 5 WL A 0 T A A5 B TR
FEART S & B, TNF-o AT ZEAR SN A2 9 RF/6A
AR5 LA AN I N, 2 5 R T R A
P, GESE T TNF-o BAfE M AR

W FH P8 VA A 3 14 6 40 i P 2 30 1) 2
[ A A A A i , AT PR AR R
AR AR M s SC B S B (1 D RE , B 20 i 1
KRR G 0 AET Y 30 Z R B AR G
FEHH, Beclin-1 JZFER; [ BERE N Atg/Vps30 1 [F]
JE . Beclin-1 # H 2 A WA Bl #2 i — 4> b
o1 A S A R O T R, TR
WA B TE B 8, DR iz FIAE A W A s s
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Figure 2 Migration images of RF/6A cells under inverted microscope. A ; Control group at 0 hour; B ; Control group at 24 hours; C : Control group at 48
hours ; D : TNF-a group at 0 hour; E: TNF-« group at 24 hours; F: TNF-a group at 48 hours; G: TNF-a +3-MA group at O hour; H: TNF-a +3-MA group
at 24 hours;1: TNF- +3-MA group at 48 hours {88 R T WEE RF/6A AMITRL IR . A 2s AXFHEA10 h; B 25 X AL 24 h; Coas %)
HEZH 48 h;D . TNF-a 41 0 h; E: TNF-a 21 24 h;F.TNF-a 2] 48 h;G:TNF-oe +3-MA 21 0 h;H.TNF-o +3-MA 2 24 h;1.TNF-a +3-MA 4{ 48 h

Figure 3 Tube formation images of RF/6A cells under inverted microscope. A ; Control group;B:TNF-o. group; C; TNF-o +3-MA group {3 & 13
i TS RE/6A ARG G, A< 1A IRAL: B2 TNF-a 415 C: TNF-a +3-MA 41

P 3-MA S A IEIULE 3 G 40 i 55, T
S BH W B AR AT B, BT A A ) 40
Y ABFSEAE I WEACE 7 AT T Beclin-1 g
FIRIRF LR T 3-MA AR Sy 4000 1 750 WL HE X i 4
A R

AERMF I R BN, B WA Sl R 5 RAE
OB TR AR v 4 R A
o #RS B W5 ST SO AR LA RIFI AR TEHLR ST
JEGEFIRAEVEDIN H AN o Al e i Toll #£52
{A& (Toll like receptor, TLR) $UHECIR , T 252 1R 1k,
AN 51 ke 2 3 1 AR5 e S UK B, 40 e R [
T IS PN . DR, 28 TLR B FECiATE
s R HAE VL Y [7) o RE A% 75 5 40 It A Wk 1 4 24,
PEJNE I e )45 5 100 % 1L RE 6 9 40 M W 5 T 4

i E W TLR A5 R G AE S A B2 i IR 45 4 1
240D 19 W P AR5 ) R DG R 1 A A S S R
PN KA KRBT AEEH RGO, WL 3
Py it A 9 e A e A R Al K-, {5 32 B 0 SR BRI 1Y
RS, AW BOREE . 5 LIRSS R, A5
K, RYEW 7 TNF-a B85 5 RE/6A 4R A
W, fe it Beclin-1 I FIA

TEU LA 7 T RIS A B, R 3-MA F/ N3
RNA BFXF AtgS il ik = 5 57 (19 3l K 9 B 40 14
W AF m] A A8 A B, T 25k AteS 755 A
W DU R A8 I T IR 4B MRS AT . AR
K, AVES 5 2 RGO 1 & A (2 A
SRR U A RIEATERE . ABFTEEIR T
RE/6A 4Nt 345 T AHBLAY S5 R, TNF-o i T 1Y A
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Wt iT ARSI RE/6A 20 1l i 384 78 3 B F0 A8 s T8 ok,
1M 3-MA "] L] RE/6A ) 55 A At 72 o

B2 AW 5T &R F TNF-a A 2L _E 3
RE/6A ALY B W I 3R05, PE m M n 35 Fa e )
PR 20 AT A% LA R 200 A I T G, 1T 3K 6 4R FH RT
B W85 . FRATHIPI LIS R LR, TNF-o
AT A WELE 5 AR B R R T EEAE R
M [ 58 KT 98 1 I A R R R X T BB TNF-au
Z:5 A HE 0 BT A= i 45 A I — R 8 BIL A
SR, ASBEFE i RIRAFRT TNF-o 3755 RF/6A 41 Jifl
B Wk 15 8 1, 32 4T L T A BiF 9 (B A i —
HRAMAT

27 3Lk
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