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Abstract

e AIM: To explore the inhibiting effect of FTY720 on
corneal neovascularization (CNV) of rat.

e METHODS. MTT assay and cells scratch were adopted
to observe hyperplasia of human umbilical vein
endothelial cells (HUVECs) and cell migration induced
by sphingosine-1-phosphate(S1P) after using FTY720 of
different concentration. The effect of FTY720 on CNV
induced by S1P in a rat corneal micropocket model was
detected. 30SD rats were randomly divided into group A,
group B and group C with 10 rats per group. S1P and
Oug, 5ug, and 20ug FTY720 controlled-released particles
were implanted into the corneal stroma. The growth of
CNV and having pathological examination on 12d after
the operation was observed. Findings was analyzed by
one-way ANOVA.
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e RESULTS. 10, 10%, 10°, and 10° nmol/L FTY720 and
HUVECs co - incubate 72h could inhibit cell proliferation
(P<0.01), 24h after the function of 10, 100nmol/L
FTY720, it could inhibit SIP-induced cell migration and
the ability of restricting cell proliferation and cell
migration was enhanced with increasing concentration of
FTY720. On 12d, after rat corneal micropocket controlled-
release particles was implanted into groups A, B, C, the
CNV area were respectively 10.05+1.19, 6.59+0.95, 2.70+
0.68mm?( F=145. 155, P<0.01), group A and group B
was statistically different and this was the same case
between group B and group C (P<0.01).

¢ CONCLUSION : FTY720 can inhibit S1P-induced corneal
neovascularization.

o KEYWORDS:.: corneal neovascularization; fingolimod;
sphingosine 1 - phosphate; human umbilical vein
endothelial cells
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B 89 383 25 & 548 (fingolimod , FTY720) X K B £
A I (CNV) By EIEH]

Fik 43R H MTT 32 AR 1 W58 AN [R] iR B2 FTY720
Sof A Tk P B2 2 L ( HUVEGSs ) B34 4= F SIP B S T 1
Y AT RS 1Y 5 e, N R B AR R 2 A AT AR A U
FTY720 % SIP i S0 CNV (9/EH . # 30 H SD K lf%
BEMLECT 2957000 A B FIl C 4, BF4H 10 H, 76 445 40 i
FEFUZ N S1P B[Rl IKARA 0,5 ,20pg FTYT720 22
B, ARJF X CNV AERAT BEEE I 7E 12d 174140
PEERG A, SCHAE R L 2R 7 2501

Z58.10 ,10°,10°,10* nmol/L FTY720 5 HUVECs &% &
72h AT 400 450 41 35 A= (P<0.01) ,10,100nmol/L FTY720
YEH 240 J5 , RN B S1P 5 S04 H8 , B FTY720
VA 1A T A <) 240 e 14 AR A RS R A FH G 3R, A B LC
21K R A AR A0 4% 2% BRI AR M A IS 12d, CNV T A4
14 10.05+1.19,6.59+0.95,2.70+0. 68mm’ ( F=145. 155,
P<0.01) ,A 5 B4 B 5 C4BHALGIH¥%25(P<0.
01),

£Ei2 . FTY720 BEAMH] S1P 1755 1Y A R8T AR il 48 A i,
SRSBR AR BT A NS Al 5 JF S 1 - e s A JBE
Ik N Bz 4
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1EH A IR B G I A5 | 22 Fh BEAL ol i3l Ak W TR R AR T
BE175 & A IR 8 A= 1l 45 ( corneal neovascularization, CNV ) 4
CNV A 3B SRR AL AR5 22 90 , 3 A% A 58 TR 3ok A0 AR
FiaE AR IR A B < e, B IR A R
JEHERR BN AR LA PR T R A A DR S 0 4T R, T
Ja BN ARG IETE S, S EORBME CNV, 1 - R Y
& ( Sphingosine—1 —phosphate , S1P) J& T 4F >k & ¥ i B
AR I A BB B B AR AT P R R, A A
FH 57 K ( SIP receptor, SIPR) & # )12 W) 4= W) 22 5%
R, FTY720 REAS T & IRA 2509 1 TI697 £ &1k
RAR A (143 0 S 2 o 700 & 48T 4 i R - FTY 720
( phosphate FTY720, FTY -P) HA J LT SIP /5 T4
¥, al s e P25 A SIPR, il S1P T i i) A= B P 2500T
AW FE AN A BK Y B2 28 9 ( human umbilical cord vein
endothelial cells, HUVECs ) F1 A 5 BB A= M4 A A e 4 7
WS, 45T FTY720 %F CNV 940 I4E FH K FLHLARI
1 #HRF T %
1.1 88 LR shY). SPF 9% SD KR, flt B, b1, 1A
H(150+10) g, W H T ARE EELR Yo, FER
FUFAL 2%« A & bk N B2 48 M2 % ( human umbilical vein
endothelial cells, HUVECs) ) [ & El &R 7 A= 9 5 IBOmE H O
(ATCC) ; i HE-DMEM $5 723 MAG 4 135 ( 32 [ Gibeo 23
F]) s PO AR AR S (MTT) ( B4 T A s bR
PolyHEMA [ poly (2-hydroxyethyl methacrylate) ] | 1-%
i3 i 2 T ( Sphingosine—1—phosphate , S1P) ( 32 & Sigma 2%
F]) ; FTY720 ( #i -+ Novartis 2 7)) 3 F AR 5 8 (15 [
Zeiss A7) 2B BAEE ( H A TOPCON /A7) ) ; IRFLF
VTR €12 AV FAVAY/NIEI DIN
1.2 7k
1.2.1 AL A\ HUVECs 4108 F & &40 5
10% fifs 4 L7 () DMEM 85 3% 5L 78 5% (R 8143 %L CO, |
37°C M RN BE B K% 3R AR PO R, IO A K
HUVECs, B-fL Sx10° A4 il 42 70 F 96 FLAR Y, 4k 2203 &
PR Z A LIS, 12h J5 BB IR, BLIAKR
e FTY720(1,10,100nmol/L, 1, 10mmol/L) , AR FH S
200l [FIEF 52 IR 2 20 (N B 20 B ) s B2l (R
TERER) . MU S NEIL, IR R, kS
I 720, B E BiE WA, FFLINA Smg/mL MTT 3% &
20pL L UEE 4h JEHNA 150wl — I EEAR , 745 S 5855
R 5 A0 TR TR A 28 A6 T 1L 490nm &b I 2+ 4% L 14 W OIG A
(OD fH) . THA M AE KA 3 IHIH (% )= (1-5E
5520 OD EX{E/XF HEZH OD FE341H) x100%
1.2.2 HREERBKIE KN RE AR K A9 I8 X4 50 20 i 1
T 6 FLML P, H HU 4 5% 77 2 00 2 Al LIRS, ] 200 L
KA K TE 6 FLAR RS 3 502 20 it rp e fl— RIIR , 96 BE 24
Imm, PBS ¥ 3 WK, LFRIFE A, 25525508 4 41,34
A S I DMEM F1 S1P(500nmol/L) ImL . [a] i 43 5]
AR e B FTY720(0,10,100nmol/L) , X%} HEZH 1
JCIiiE DMEM , B4l 5 NEFL, FE BHE T mE, N
FH Image J 3K 0F, 240 J5 I RR & A 00, BOE 1R,
BRFLICS Ab Ry Y8 A, BOF A, SCRE A 3 WK, 4
ERRE T TR R RN, AT R = (SRR 58 -3
RIIR 58 ) /SRR 58 BEx100% .,
1.2.3 FIFERWHE TR KT ¥ 12% i35 W R

&1 FTY720 % HUVECs 14 & 1489 2 xts
0] FTY720 %3 (nmol/L) ODfH  4IHInHI=R (% )
popicEicl 0 0.75+0.04 -
U -24) 1 0.73+0.05 2.7

10 0.54+0.05" 28.0

10 0.29+0.04" 61.3

10° 0.16+0. 04" 78.7

10* 0.13+0.02" 82.7

"P<0.01 vs ¥R

RAEW (PolyHEMA ) Z B W -5 5 A8 B 40 0 A 1) A 2
KGR TR FE MR SR8 B IO T ) e | 7 o 422 il
SRR AR B EAR 24 2mm Y4 28 RSO0k, O
TE MR I A ZEAL Y 500nmol/L 3t Sl (1) S1P FIA[H]
FI48 (5,20 pg) B9 FTY720,-20°C f#AE& P,
1.2 4 FAENEREEMEIR TR 4 HLH KRB
ZEMR R SO IR #e REBE ML A 7 3R 1%, 20 O FR 40 A 4 B
AN C A4 10 HR R EUH 10% 7K A& (0. 3ml/100g)
I W e RR T , Jeg S P b PR R T RR . R SR E T,
FE AR RS e X S BT i — AN R B SEZY 1. Smm A ARZ
YIa YN0 O A B e v o 2 O A =R A
B2k 1 ~ 1. 2mm &b, T8 ol— > ff B o N i e 4%
SIP FIRTE]F 1Y FTY720 UKL A 45 41 BRUIR 04 S 4 4%
AR (XFHEZH A 4H.S1P; B 41.S1P+5pg FTY720;C 4
SIP+20pg FTY720) . AR5 WA B IR A LA By J
F /Dy B, S ER 10 R SRR T PSE 56, 22 R £ i
PEAR NI A S5 1 B BEUBORL, DL R A0 TF- AR A By )38 %k 38
AN RS ESEER 2wk, A TR R —
BEA AR, HRRTRE
1.2.5 REMBR AEHEDENE H 24 BUKT o 1
TR R AT I 1 SR A R AR i AR KRS B, R A A
CNV AL (A) ,A=3. 1416 xCx[ R*-(R-L) 2)/12 kit
B HH C ol CNV SR B IR 15 R S B, Lol CNV A
PR IR A A BB B DA 3% 25255 ol B /N | o) % B
WA K A M A O R &R A AR R 3. Smm
1.2.6 AAREZNE TG 12d o 5 RERAE LA A
S, WEBEARER , 109 ek B [ AR BR, 47 41 200 B2
WMEE, AIEAIEARA 3pm Y) R HE &R S8 s,
Geit2E oA A KBS DL x5 2R, 2R SPSS
15.0 GEF b x4 A K oDl G BEAT s £ )7
ZEOP BT, AN [R) B[] 5 A A B0 A i 8 A6 1 O LA
T R 28 o AR o 25 4 M, AL TB) %) T T L AR LSD ¢
Ko, P<0.05 HESAHGIFE XL,
2R
2.1 HREEERIE  MTT A5 R R (£ 1) AR
B FTY720 1 11 T HUVECs 40 1 72h J5, 5 & % i
FTY720 #%f BEZHAH LE, B IR MR BE (1nmol/L) A9 FTY720
Xf HUVECs JC B B M fil fE SN (P=0.271) , Hop Wk &
(10,10°,10°,10* nmol/L) ¥} HUVECs 44 i /£ H ( P<
0.01), MELH N AR JE FTY720 %} HUVECs 40 i /Y
P AE AR (P<0.01) , B L4, B 107 nmol /L Al
10* nmol/L Z[A] OD %A Giil#2= 572N P=0.416),
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Bl 1 FTY720 $M#l S1P S8 HUVECs 15 (x100 &) A a5 X IR4L;B. swéﬁ;c': 100nmol/LFTY720+S1P 4,

HASR R4 Z A1) OD {HIA Giit2# 22 5% (F=217.785,P<
0.01) , JF-FEZ5WHk BE S, OD {H FRAR, 306 7E FH 38 5, 52
PR AR O AR
2.2 MEBLIE MK 1 5EAT I, 24h J5, SIP 4
(500nmol/ L) B& /w1 i 7 K f A A 6 40 L, TG 45 T [R) 571
I FTY720, i # 4 fd B W o 2>, 4% 5 & FTY720
(lOOnmol/L)éﬂE"]ﬁﬁH":F‘/u\ YRR, SUiT i
TR R —ESE T SIP iS40 MT R (181 2) 1
FTY720 2 RG] S1P 5 S 40 it
2.3 CNV £K1ER XA A 4R)5 3d ARZ IS 7T
B oK, 6d A i A B G RCIR T 9K S A T v 2 20 foR A4
¥, 9d BT A LA Ak S 5k AE {00 R A fORE AR T S
12d B A= 48 B AW A etk 48 7200 R 7o 2 B i, T o
EL R U R AR (] 3A) B 4URN C 418 AR 1A 19 4k
KA 5 5% B LA AR ] (E R A K B S 42 B 2B 1l 4%
TR /N (2 2) 06 3 2 A RS [) ] ki 3 A i A5 1 AR
JHE A 5 22 5007, R JH Mauchly BRIE A 56 | A6 46 3k
AR (W=0.711,P=0.19) . Z#Fr &8 ,3 4K BB A il
T FRAE I R] 32 R ) A2 IR & i 32 BAE ] B3 A
GiiloF 8 L (F,y, =460.294 F,., =208.44 . F,, =5.863,P
¥5<0.01) , BEHA K BRAY BT AR I 4 1 R I Ao 1) 22 £k Y
B I ELAS ] PR 2 A4 F Bt 5 4 ) O AS TRD T A ], R P 2
R 2R 7 229381, % 3 2l R BRZE T2 AR 5 AN [R) B[] 8518 39 A=
A B AT LU, R IBR ARG 3d =4 8] 2% 5 4t it
HE X (F=1.435,P=0.256) Z4b, K5 6,9, 12d #Hi/E Il
BHMHESYARIT2E L (F=97.719,77. 452,
145.155,P #4<0.01) , BEAM, HLAZS B REBORLAA 1) K B
ARJG WS 12d , A 525 J0 37 A8 a4 A B, DA HE bR T AR A
By Xt F IR AR A B2
2.4 HLFEZHRE AR5 12d,HE YL Wgs) (& 4)
A AR ZI8H oK PP S JEE B | C 2 A I 4 21 R A
1136

®2 BAARRERESAXRARTENEEKER LR

(X£S,mm?)
HH ARJE3d Y NERD AJF 9d ARJ5 12d
A% 2.73+0.55 7.42+0.87 8.48x1.16 10.05+1.19
B4 2.36+0.70 5.08+1.00 6.29+1.27 6.59+0.95
C4  2.3120.54 2.35+0.46 2.86+0.39 2.70+0.68
P >0.05 <0.01 <0.01 <0.01
100
a
80 I
-
- 1
VGO_
540 T I
E 1
201
C
0 a‘w'zv.i,ﬁ.@i S1P TnmoliL 10nmoliL 100nmol/L
FTY720+S1P FTY720+S1P FTY720+S1P
bl 4

B2 AEREFTY720 % SIPESTHHBIBENE
Mg *P<0.05 vs %5 X HREL;°P<0.05 vs SIP 41,

IEH A R B A A, P R AN IR, B 4]
i C iR,
31Tt

S1P J&:—Fh Tt B S B AR QI ™= 90 , i 6 Tk 19 1L /AR 2
40 B & B BE B, S1P 3Z {& ( Sphingosine — 1 — phosphate
receptor, SIPR £ 4% S1P1-5 W H) F R £ EERY
A B AR AN AN B 5 Sk AN R L GRS | IS &
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3 HBTEBHMETURARMEERAEST CNV E12d WAERKBR A:AH CNV B4 K THHREK,
MU A H 2332, 7045 5 B2 B 41 CNV Bt /T BRAL, S0 A A 6 ; € C 41 CNV A9 Fniin AR AR A R R

TEFIRG ML A K

4 KXRABEALHERE A A HXTE MR TN R FER CNV BRI/, FIfEA 26
RYEAIRN ;B . B 4 AR EEFEA I H BRI /D R CNV R BN B I R Bl R P 4 LRI 5 C . C 2 3

BiATEHI . CNV A &, 25 )2 LSS IE

AN RBIRERTIA T A C & B S1P n] LR FH £ A 2%
AT PN B 2 b B4 STPR SRA7 & B 4 1 =

FTY720 & —Ffopr A G e Ikl 7], & 2 Hh s 5 3R
PP R R 1SP-1 Zfb2# M5 A ., FTY720 5
TER N BERR AL, A2 R FTY =P 5 S1P A5 5 )3 W] 51k | i it
B S1P AT 5 SIPR 35 4 P45 & 40 M % M Ay SIPR B
SIP 254 5, Jeuk AR, T Je vl bt o (a1 B8 2] 4 5 3 1 LA
US4l Z M AMES S T FTY-P Af K 01355 SIPR“ 4L”
FOREE AU < TCRE”, ann] i 4T AL ToRE T, 3K
AT B H %) R L 200 PR R TR L ek T AR 2R 2
EIHLE IR BN 2 Fh 25 B A 0 T HEF R A B s
R A AT T L, B AT G 1 1 A% R 9 T FKS06 A
CsA HLRERIMEF SR D44 05 0 5541, FTY720 W] 3 i
WAL B2 4R B B9 STPR, # VEGE A1 S1P 75 5 /Y 1L 45 18
5P TR BEL L /)N B4k 2 P 2 e 2R 5 ke B A il A A
B35 AR AR 3 e PN B 40 i 3 10 VEGF 32 /R 850 ok
SEP L FTY720 64 e BE s gl 3l o STPR1 SR AT %4
il VEGF—A S PN K2 240 it A0S 3 AL 200 e B i) o of
MR

CNV JE e —A™ B 22 Fh 40 it PR 1 22 i 40 B B 4 2
5 shAs DR E 2 R H IR IR 0 TG IR i A
A3 A TERS A4k SO I T A, e I A PN B 40
B 14 A AT RS 2 52 ) Il AT 1) G BB IR R T i — 2
BSUE FTY720 WA E R AW 64T 1T 048 N B 4 i

IEA% R AR SRR A ST U AN M G BE S I 45 R R,
FTY720 REUA 4441 HUVEC 41l 2 /9 34 48 | I S5 8K
HPE, ANHE R 26 45 SR R, SIP T4 ik 40 A KR &
52,1 FTY720 TR S1P 5 & oY 40 ML a2 R /R T, H 257
KA 10nmol/L F1 100nmol/ L 4H T H4H 1Y RIIR & & fE
FIWAE T SIP XYL, H 2R A ST Fm L, Hh
FTY720 W12y, #5440 FTY -P J7 ol &L, ' ATIA K,
24h £ LALE FTY720 AT W22 A0 I 0 = A VB

CNV Shm a4 5848 vk b vk A 1 vk
SEPER XA AR (2T, I IR I PR 8 R
B AAfE TR R L | A AR B A oA 2 g v 40
FEPER 25 AR T 5 — R 3R 4 BT S5 Bl sl TEARDF 5
IR R T A AR AT AR R S BN /N R R
PO AR 1 | P LAHERR 205 25 (] 42 o CNV 1y 5200
FIF RGO AT PPAN B — 12 1l 4 s il A5 R F- R R . 2
MG U AT ARBAEIE AR 51 & CNV, AR HEA
25 B RO 1) K BRUR J5 R 124, f I TE CNV 2R
B, LA SIP BB CNV JE K, WS FTY720 X S1P i
K CNV 6l /e, 45 5% Won, 78 CNV i S /9111
(3d) JE 5 FTY720 X%F CNV (942 K B4 H B 1 1 22
), B IR B HERS (6,9 ,12d) ,FTY720 FHi4H CNV 4=
KB AL R FTY720 (5 F120pg ) Ao 400 i 25 2R
SR AR
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H A T A BT 2 RE D08 A 138 A5 TR T & R
T R R B B Bk 2w T 5 R R R N R A
Uk TFIEHR ST JLAE— 28 VEGF 1l 571 25 25 3% i (i
FHENIGRBEFE I R B B4 0997 3%, (BB PR &
R, BT VEGF 25785 A= 145 H BRA 30 % $84E F , (R 6 1
A I AR B BRE AR B B JCRK, 1 ELAE AR A B B A A
LA EIVE 2 ) ST FTY720 A A F T 2B 1 45 A
R AR A T LR A R AR HE R RN AR T 5 g
il I < — 5 OBURIE” 1 AT B2 f D IR I 45 A6 S 30 =5 18
FEFSAE A S HER RN

25 bR FTY720 A fE i 1ok S1P;fi? 'ﬁ%ﬁﬂ%ﬂ CNV
WA, BB AN B IR CNV [ — IR IGYT

CNV &5 fi A4 3 2 1) 3 W?E?FH,LB’»AﬁEtH TP fu] Fif
FF 5 i PR 52 B B 285 W) 500 RO A 15 30 73 0h, %25 5
VEGF i 5 J& 75 A DRI AR T ik 2 FRE A0t — 25T
S Sk

1 Roberts E, Guerrero M, Urbano M, et al . Sphingosine 1—phosphate
receptor agonists: a patent review (2010-2012). Expert Opin Ther Pat
2013; 23(7) .817-841

2 Baldi E, Guareschi A, Vitetta F,et al. Previous treatment influences
fingolimod efficacy in relapsing—remitting multiple sclerosis: results from
Curr Med Res Opin 2014;30(9) .1849-1855

3 Polverini PJ, Bouck NP, Rastinejad F. Assay and purification of

an observational study.

naturally occurring inhibitor of angiogenesis. Methods Enzymol 1991 ;198 .
440-450

4 Shan S, Lockhart AC, Saito WY, et al. The novel tubulin-binding drug
BTO - 956 inhibits R3230 AC mammary carcinoma growth and

1138

angiogenesis in Fischer 344 rats. Clin Cancer Res 2001 ;7(8) :2590-2596
5 Seo K, Choi J, Park M, et al. Angiogenesis effects of nerve growth
factor(NGF) on rat corneas. J Vet Sci 2001;2(2) :125-130

6 Kenyon BM, Voest EE, Chen CC, et al. A model of angiogenesis in
the mouse cornea. Invest Ophthalmol Vis Sci 1996 ;37(8) :1625-1632
7R, TN 1 - BRI A X A B AR AR i S, N BE 2y
2014;45(3) :6-8

8 Verzijl D, Peters SL, Alewijnse AE. Sphingosine — 1 — phosphate
receptors :zooming in on ligand —induced intracellular trafficking and its
functional implications. Mol Cells 2010;29(2) :99-104

9 L. FTY720 Bijif A UM BRERS AE HE e S5 I i SE R AT 5T 7 R )
REEA 24183 2007

10 Brinkmann V, Wilt C, Kristofic C, et al. FTY720. dissection of
membrane receptor—operated , stereospecific effects on cell migration from
receptor— independent antiproliferative and apoptotic effects. Transplant
Proc 2001333 (7/8) :3078-3080

11 Kenneth L, Amanda L, Christian S. Antagonism of sphingosine — 1 —
phosphate receptors by FTY720 inhibits angiogenesis and tumor
vascularization. Cancer Res 2006; 66(1) : 221-231

12 Schmid G,Guba M, Ischenko I, et al. The immunosuppressant FTY720
inhibits tumor angiogenesis via the sphingosine 1 —phosphate receptor 1. J
Cell Biochem 2007 ;101(1) :259-270

13 X505 2 A8 B B R P 1 P B R s AL A BIF 9 a0 . B
ZEIR 2013519(17) :3155-3157

14 B30, A, BE T 35 AR B B R PR 7O 10 il
FRERBLZRAE 2010;10(12) :2389-2390

15 5RATF, BEBEAT. FA HH A 8 i 7 ke i [ 9 TIOR3 2008 5
26(5) :427-430

PRI HT.



