FTY 720 X WX 28 2R 50 52 W 5%
O R RRRR(ERERAYHER —EREATO,ER  400010)

HESES R741.05 XHEFRERL A
DOI  10.6039/j.issn.1001-0408.2014.43.32

XERHS

1001-0408(2014)43-4122-04

W OE B REA LI A FTYT20 3 P ARAY 2 R A & afe £ B Ao IR ok, Hik . Bd & E S EFE P
A HCHE B 2004 — 2014 F kA £ FTYT720 57 P ARAY 2 2 42 2w MK, & Jm VR 69 ok, T M va Ak A e TR ALl i — 4, &R
FTY720 38 33 45 & 1-BRIR 8 R85 AR L AFAE R o 1-BEBRSE R B KRN T 2R, FF O TR E LR A, KNI ERIES,
FTY720 4kidiit EifAb 28 5B T Rk  FTHRM T AR R SREERD AR E 5 X3 PRAAPET  ZHBIRT @M, VR
SRt NI R b e fkatn A E R A MR AE A . & FTY 7200 TAER T 0k 2 %90, BB 0 Fid B, A4 A F
PARAP 2 RGN 89 |-BRER B R B 2K R AR % | AW F RO, M A P AR A 2 R R % 09 08 I BT R0 08 T B AR T )

KEIA FTYT720; FARAY 2 R 40 40 B4R

FTY720(Fingolimod, 7557 ) j& M\ 4 Ht 5 Fo rp £ B 5]
G PE FH S B 5Y ISP-1, AL AE M IS A LA — Tl 28 2 1
HIFN™, 2010 44 5 [ 63 5 R 245 4 B (FDAD ALV F I
IR A B Gl e 2 & MR AE (MS) /9 H IiGYTY. BAl,
KA KT FTY 720 76525601 F B G PGB8 4 (EAE) I ZF
BRI ERTE (AD) VARSI (SC) 458 UL P X i 22 R 4¢
(CNS)BI AR AR BT h & B, B T % e R0 & 15
FEFIAN  FTY 720 i B8 AT CNS P45 i 25280 7 2 2 T A=)
PETT RN, B = A LA ST R T AR SCE FAL FTY 720
X CNS f52 0 S AT BeVE FPLHIVE—£5d
1 HRid

FTY720 #F AMUAAR 5 57 BB 5 2 i i 2 (N-FR 3k -d K4
AR, NMDA) BEFR {b , TE 1LY FTY 720-P Jy 1- R 1 24 B
(SIP)ZERZERI" . SIP &—Fhii g2 2 ThReE MR T, T =
SR A A RS ERSE — RN A EIE S, S1P
FZIRJE G R A M Z AR R, nT B30 L {15 GTPase B iG A
[l G 2 P15 51845 8 5%, T 5483 4 R 7 A K R
ZARDNEE A AERUR N AT 2 4 CNSP Y, FTY 720 fig
4545 4Tl SIP 324K (S1P1.S1P3.S1P4 . SIP5) , Kk #% 5 S1P Al
M A3 . Foh SIPT R & 32 14 FTY 720 X HAT %
TR REME RSB AR, £ MSTRIT T  FTY 720 %)
o RE RGEAOVEF B A TR BN, ERELE A2 SRR
I EEL 00 A 2 A S b % S1PT, i B BTG I 8 S HL R N AL AR
b, itk R 132 4k CCRT W14k K rh Je B C A2 T 4 A%k
EEL - LV 100 11 S 1P Aof 3 25 T B i, BRL 1k L3 1 bk EL 4542 AL CNS,
XTIk L4t P A B A e e R CAZ T 0 858 5 Ak & CCRT7-5%
S FIEAZ T AL TCREN | DRI AN 1 ) s MR REY . W)
BF, FTY720 (19 55 B P fof L REAS 2 Hb 28 3 1 oG 5% b (BBB) , 7
o R TP R I 2 VR B, O AR T AR i S1P A2

ABEBIH P AR HIPTTH (No.cstc2012jjA10058)

X WEWIFAE . BT AR, LI :023-63693075, E-mail:
21282713@qq.com

#3EfEVEH AT BN, 205 T A= 0, . B 1)
hARRAE . HLTE :023-63693075. E-mail: yulehuadoc@aliyun.com.cn

+ 4122 «  China Fharmacy 2014 Vol. 25 No. 43

B 5 PATRIDIRAS T CNS P4y iE sht,
2 FTY720 Xt 40 A0 320
2.1 FTY720 X302 T HI R0

FTY720 RE J 9 BRI o () e e 3R A — 2 i e AR 3
RN, X RIS P S LR AT RER ML . 7E CNS B i 72
o TR B2 N S SRR, T A SCLL 25 PE G
P9 ST ARLG 0 XA I BB IR 128 Bel-2 FI{E ] 125 (4 Bax
[B) 25 R BRAIG , SRR (il Caspase-3 ZRik G N, A TELR LA
TR AR IR ARG IR N AMIFIE & BE, FTY 720 e i
PZETE I Bel-2/Bax B [11945 & HL 3, T 4 Caspase-3 [ 215 7K
S, AT R ARG TR0, 080 Bk 25 SR S 4455
AT s X8 Bl 2ot ) R TR0 A ROSGE A AT
SRS 2 D RERV R, R 22 55 77 - (BDNF)
ST — AT R R L AN AT L 2 i R %A A 8 R e 22 ] 9
PERY G PE R T, Deogracias R™AEHIF5E & Bi, FTY 720 fig L) 3]
-1 (AR =9 e 2428 50 BDNF 93635, 39 i1 NMDA
M PEREEVE N M T AT 2R R A R A E R
SRS Al SR P, 4 i 0 A B 5 7E /DN R Rett 255
FEAE T b FTY 720 [R]FERETE 48 h N R & /Nl o | 2 )2 40
JRAA X BDNF 35 K7, B i e s k™. FTY720 119
IXLEAE FER A5 SIPLAT Ko PRAMIFGRIIESE , AN [ E 28 ) 7 )23
Mot BIAT SIPLANFRIA . FTY 720 BEZE S A Il SIP1/Gi
75 Ras/ERK1/2 F1 PISK/Akt P 4% 55 52 (0 42 773 {5 5 i
ERK1/2 Fll Akt ¥4 W] B ER A0 T W SR B2 B 17 (cAMP) 4% AL [Hl -+
(CREB), }4/ll Bel-2 .BDNF S5t Rl (1) 3% 3% , Bel-2 F ik 4 inm]
0 40 0 £ 2% C AR , BELORTZR R A U8 T3 4% 1 3435 s BDNF
B B D 3 T AT 3 2o R fH L A7 4% Trk B S 1] #407% ERK 1/
2 70 Akt, 77 A BRSO PISK/AKt i RE L4615 4 BB T 4l
WA F (BAD) WY 7 AR M0 AA 06 ™, (H Rt A — e B 5%
7, FTY 720 ANRER A 2405 BEMEACIF T B2 2 phg e s v 451
RRRRR G TR, B EREAA LR, RS S
TE 22576 5. CNSHIZILMEIZE 131K Nogo-66 57 14
(NgR) , i 153 DX A4 oMt = A A B o A K A M BB AE iz
s, 3405 PO R RhoA-ROCKIT A S 2 AR K MR G, pf

TEIE 2014 F5 5 BE M



LUK ZE s A A A AZ MR, PR IE  7E SCI A LAY v
WELH T RhoA 3% 1k , IESE 4 i RhoA-ROCKIL 3 % (14 31
A 2R RN P, — TR A R A ST &2 B, FTY 720 fig
M) Rho GTP MiF 14 , BT Rho A-ROCKILE J& FRITE ", AB
B AT LA S B0 P AR BE R T A 2 i R T, R 8K
BT IR TR A E B N . Takasuai N Z“WF5E /R, FTY 720
R 30 2o 5 o BIL 1) 5 - B A TS L U0 B R T AB Y
PR . FRULHEI , FTY 720 47 7€ 5 2 0] B8 i AL il 52 i 4 45 90
2.2 FTY720 X3 £ 2R 5 40 B i 22 i
CNS 52T, ST IR AN T A A= |, Ja s SR A2 Bl
P40 e Jre  AEL 2ol 35 1) S5t A S5 7 2 BELRS 22 ek 09 i e 22 b 2 114
EERVRIX . RIPI A =31k S1P1/3M, CNSHifh)5
J i BT AN BE LA A 43 AN 55 431 14 7 37242 S 1P, M
M4 8 R S 1P K, HJ2 3 5T S, CNS B4 A
S1P B B A0 5 SR BB i iy S1P 2 S BUR ALY %™, T 7E
X SCIMS 2tk ki = Hh 45 Z AN ] CNS LA I BUF 5 Hh S4730E
S5, FTY 720 3697 fie W b 9/ 9o 451 DX il GFAP 23k O (1) B2
TV I I3 240 B 50 i, 0 il Jy i e Joa Ak S g 9, $7R FTY 720
SR K SIPEEFZEA Y BV A SE Al R . ik L 4t i
L, FTY 720 B4R 36 L 2T B i 4 ifg | S1P1, H XTI
HIThREMERSHU/E R FHaEE R . @ AL FIR b i 3R5A
B SIP1 /b R R S AL S . FTY 720 i gl il cAMP
I, 388 3 R ) 200 L A 2 R A A T I R AT L 1 2 v
RN A0 WA TG Bl Yol 3% A B4 SR 5 T 40 0 AR % 4 M TR
T, IR R B, RS A A 5T & B, SIP BB 4
S1P1/3 J#id ERK1/2,, ARG i er A 4 19 7 2UAR kg iy A
TERE AN S 5, AR Rl 25 R, FTY 720 X 25 i S T 18 o
200 0 T G BE BRI, AN RER I S 41 it P9 BDNF (143
SRR (B, SIP FIFTY 720 #RGE 2 S1P1 #403% Gi-Rac jifl
% AP i B A AR A9 3B S, Brunkhorst R 48038 & 3R,
FTY720 & _L R J5 ST e i 4 i P9 VEGF et 223 , I8 15 28 fi
ATIRPE o FR T AL I ST 20 e i S 5 R A AR AR 4, I
FTY 720 14 AT g8 o) 5 1 A R o 4 37 15 o i S e £ o
2.3 FTY720 %2032 5 Jex 2 AL ) 3% i
CN'S & H Mt s i AR 28 A P 1) e 2B 2 5 — SR i T
PR R 3R . LAV DS I T A (OL Gs ) 2 Fi-A= B4 114 4
AR . BFFE R R FTY 720 #E A CNS Ji& K& /AR A B i 42
SR B, AE A pmol/L 21 umol/L ¥ J3E 114 2 575 B X 1E 5 B 20 it
SN . FTY720 XF OPCs (52 M 5 & 19 20 AL B B L 25951 it
FE B A] A 60 OLGs | SIP5>S1P1, ML FiiA 58 e
FAEAN L (OPCs) | S1IP1>S1P5", i8] OPCs /3 kit FE 4%
{£ S1P1 Fl1 S1P5 FRik it 454k . Coelho RP %5 WF5¥ IR, 78
TETERN 2B FE N T B4R, FTY 720 1] L5205 OPCs it fili 28
SR AR, (R H A R, B i 228 3R R AR TS, AS [R5
M FTY 720 2377 A AH R 9 VEH IR A2 OPCs Ak, i 7l
DA LA A . A HRESR SR FTY 720 25 T
S1P5, 1 S1PL (Y &35™, #78 fF OPCs |- S1P5 ik it iy sl A8
oY S1P 3244 5 W 478 35 IR - 32 AR (] A AR A AR 235 1 OPCs

TEHE 2014 FH 5 HHE M

o lad i, F ok, S uHLl, FTY 720 gl S1P1
1% OPCs |1 ERK1/2 Fll Akt, Wi/ FEM 45 T2 N Tk R
P 2B TR SR R A R T, 398 0 4 B A T 2R i B A
OLGs I ERK1/2 #0622, B ER , FTY720 %f
B2 )2 8 OLGs | ERK1/2 (3% /5 A £ 223l aF G 8 132 14k
Gq-PLC/PKC 4%, i F Gi-Ras 4%, %N A GEHZIA
Gq-PLC/PKC 3 4% BTG R #5 SIP3, OLGs | S1P3 ik,
HFTY720 %+ S1P3 i& fAE A4 , Rtk ERK 1/2 e fb AE A
B, TEREE R AL 2] B R L b R B, FTY 720 fig
{2/t OPCs F1 OLGs £ I B3 S A IR O 2 Y S A, - R3S I )
5 OPCs Bl it , 28375 M U W B 5 BB 5 , FTY 720 Kb 34121 3
B 2R 1 e B SN, 3R A 14 1 -5 A 2 1 A T
O, T BE 76 MBS HS A A I BE R BB . Jackson STZEETHL
BELEIESE T A8 SUEBE R 25 M TE . FTY 720 (13X Fi i
BEWS A 55 S1PS AR T Rl 2 ot 55 A 5] 161 AL %2 M o 4
JL /N T AT SRR A S
2.4 FTY720 37N B2 [ 2 AL ) 24 Ml

AN AN SR CNS IN R B Al . R Pk fe R i,
AL 2L /IS JBT 240 B 9k L A L AR A B B TS A SR
13 R38R HEAE o /NS T 440 B | g 2R S1P1M . A5 WF Y B
T P A5 473 5 TR R ke 1 A55 784 vp & I FTY 720 BEJ /D0 43
X AT A XA R e at BXC . TR]00 I 75 DX 3 ) 3% Ak /0N Jie S5 200 it
B, WLBESERAL /N AN AR A 5 Ak S e PR AN R
B R E— 2P KBRS R 1A AL . FTY720 A8 T A/ 40 A
TEAL AR PR 1T, 80008 Ab 18 /N 5 24 ™ A e e I
FEH - (TNF)-a, 12 LA 25 (IL) -1 BEEA2 S i i 5 1, 4 fit
& LR B BE RS AR U5, Noda H 28 4H i AF 5% [ AR IE
52, FTY 720 AEU TG H /0N B8 Jo 20 8 03 v 7K - 1 28 B AR
& 4 K - (IL-6 \ TNF-a IL-1B) , [F] B} 384 i BDNEF 15 J5 41
T 228 72 1T (GDNF) 3835 . FTY 720 X/INE i 4t (1)
R AT fig 5 0 300E SIPLAE BK , TR T 4L & 11 & L kb
(HDAC) [R5 47 M, SBATHFFE R, FTY 720 3 2538 1
% CNS T Ja s fe S8 Rk BB, V811 08 B R B8 A i/ 4o
ZICHI G AN 545 , A2 el 22 T B A &2, i E L4
Xof 1 22 O AN S I o 2B 7 A 1 AR AU 5 A RS
7 FTY 720 5t kN2 S5 240 B 14 50 A 8 ke DXL 1 7= A TG
SR, T RRS B AR AR A S B0 SR TR A O,
3 FTY720 %t CNS I & #5201

CNSEH, 45105 X A kil L4 A 4% 5 BBB 848
P O PR g | P R 4 I BE 1 R DDA G . FTY 720
XFRIMAE S0/ (A BE i T 2R A8 4 RF BBB DI RESE M, A4
ORGSR PR A . ONS B A% 300, 3% i ot A5 B M
PN, I AR M A0 A A AR I KRR P R UK R,
AR I 5 DRV ) 5 I 4 B 1 9 (MIMIP-9) ek i, 5
PN AR 45, BBB SE AR PEREIR , S A5 B m M i, 4141
SRS BRI REPEIRAE . A WFST R FTY 720 AE I k45
#EBG IS 3 d BBB B i, B LUK M, i/ MS A7 Ha 4
98 J52 07 DX I A B B A B R T AR, FTY 720 5 tPA B A
ALYk I I A7 A A B H AU, Zha D AR EAR SRR

China Pharmacy 2014 Vol. 25 No. 43 - 4123 -



B2 BBB 45143 YA AL vh UL 2 STP T X fiki A e 200 A7 (47 1
Al QR pTid  FTY720 REHRIE (24 h A il i STPT 3T Ras/
ERK1/2 FlI PISK/Akt 3 A4 , PRAP IR A Bz 20 IR0 4 1 o 5
FEFAFAMIET . [FRF, SIPLIARERIE Rac, W55 A K
N NI A% B0 A0 TE A0 M 1 4 TR AR 1 B ZH 2L ) 3R
L(TIMP)-1 47 # il MMP-9 3 & Ji B (4 @B R 45 T o Foster CA
SFUREE ] FTY 720 AR I MMP-9 1 F 3 TIMP-1 ) %34, M
M 4E+5 BBB DAY S8 #E AN ZEME . FTY 720388 S1P3
WE AL 732 AR CXCR4, T i3S Ser F JAK2 AR 4 1
P A AN A% AL SR BB A TR R BRI =z o 1Sk
WFFT A & B FTY 720 BE I > TNF-o il 30T 10 P9 B2 41 14 1
B 73 ICAM-1 50% Ry 3k , TS0 S AR I | 1fi /)
M B RGBT AR B ZE AR . e3R8 FTY 720 REiE i ook Ak
JE AR 2 0 i AARE A | AP 200 i X P B ) R R 2 9 B A
T FIHT AR 38 P B ) 400 3 e 25 5 R S0 LT 0 £ 3 A
PEFINRERY SR

i ERTIR BR T R RGN SN FTY 720 b RERG E # ik
A CNS N, it 1 22 7 525 5 4 FATL A B 12532 miap g DR T of
LIRS A fe dERERTE UL R\ 4ERF CNS BBB 1)
RESF AR AR, NI A e 22 D REROIK I . HLAT, A5G
T SIP XS M 22+ 4 M A A BE STk 4878 T FTY 720 Al BEHA
P FHEHE TR A~ sl Bk 7 Ha Al A AP DA Ao 28 T A0 1 45
DCE [ IE RS BIAE T, a7 T AR 0 O B 1k 18 0 JEL B A
FEI5 1] o
S7 Lk
[1] Paugh SW, Payne SG, Barbour SE, ef al. The immuno-

suppressant FTY 720 is phosphorylated by sphingosine ki-
nase type 2. [J]. FEBS Lett,2003,554(1/2) : 189.

[2] ChoiJ W, Gardell SE, Herr DR, et al. FTY720 (fingoli-
mod) efficacy in an animal model of multiple sclerosis re-
quires astrocyte sphingosine 1-phosphate receptor 1 (S1P1)
modulation [J]. Proc Natl Acad Sci USA, 2011, 108(2) .
751.
Wei Y, Yemisci M, Kim HH, et al. Fingolimod provides
long-term protection in rodent models of cerebral isch-
emia [J]. Ann Neurol,2011,69(1):119.
Norimatsu Y, Ohmori T, Kimura A, ef al. FTY720 im-
proves functional recovery after spinal cord injury by pri-
marily nonimmunomodulatory mechanisms[J]. 4m J Pat-
hol,2012,180(4) : 1 625.
Brunkhorst R, Kanaan N, Koch A, et al. FTY720 treat-

ment in the convalescence period improves functional re-

[5]

covery and reduces reactive astrogliosis in photothrombot-
ic stroke[J]. PLoS One,2013,8(7):e70 124.

Doi Y, Takeuchi H, Horiuchi H, et al. Fingolimod Phos-
phate Attenuates Oligomeric Amyloid B-Induced Neuro-
toxicity via Increased Brain-Derived Neurotrophic Factor
Expression in Neurons[J]. PLoS One,2013,8(4):e61 988.
[ 7] Anthony DC, Sibson NR, Losey P, et al. Investigation

+ 4124 «  China Fharmacy 2014 Vol. 25 No. 43

[8]

[9]

(10]

(1]

[12]

[13]

(14]

[16]

[17]

[18]

[19]

[20]

of immune and CNS-mediated effects of fingolimod in the
focal delayed-type hypersensitivity multiple sclerosis mod-
el[J]. Neuropharmacology,2014(79) :534.

Hannun YA, Obeid LM. Principles of bioactive lipid sig-
nalling: lessons from sphingolipids[J]. Nat Rev Mol Cell
Biol,2008,9(2):139.

Brinkmann V. Sphingosine 1-phosphate receptors in heal-
th and disease: mechanistic insights from gene deletion
studies and reverse pharmacology[J]. Pharmacol Ther,
2007,115(1):84.

Nishimura H, Akiyama T, Irei I, et al. Cellular localiza-
tion of sphingosine-1-phosphate receptor 1 expression in
the human central nervous system [J]. J Histochem Cyto-
chem,2010,58(9):847.

Groves A, Kihara Y, Chun J. Fingolimod: direct CNS ef-
fects of sphingosine 1-phosphate (S1P) receptor modula-
tion and implications in multiple sclerosis therapy [J]. J
Neurol Sci,2013,328(1/2):9.

Salvemini D, Doyle T, Kress M, et al. Therapeutic tar-
geting of the ceramide-to-sphingosine 1-phosphate path-
way in pain[J]. Trends Pharmacol Sci,2013,34(2):110.
Pelletier D, Hafler DA. Fingolimod for multiple sclerosis
[J1. N Engl J Med,2012,366(4) : 339.

Noda H, Takeuchi H, Mizuno T, et al. Fingolimod phos-
phate promotes the neuroprotective effects of microglia
[J]. J Neuroimmunol ,2013,256(1/2) : 13.

Miron VE, Ludwin SK, Darlington PJ, ef al. Fingolimod
(FTY720) enhances remyelination following demyelin-
ation of organotypic cerebellar slices [J]. Am J Pathol,
2010,176(6):2 682.

Zhou H, Li S, Niu X, et al. Protective effect of FTY720
against sevoflurane-induced developmental neurotoxicity
in rats[J]. Cell Biochem Biophys,2013, 67(2):591.

Yang L, Lii DC, Zheng LJ, et al. Neuroprotective effects
of the immunodepressant FTY720 on caspase-3 expres-
sion and neural apoptosis in a rat model of acute spinal
cord injury [J]. Neural Regen Res,2010,5(9):700.

Di Menna L, Molinaro G, Di Nuzzo L, et al. Fingolimod
protects cultured cortical neurons against excitotoxic de-
ath [J]. Pharmacol Res,2013,67(1):1.

Asle-Rousta M, Kolahdooz Z, Oryan S, ef al. FTY720
(Fingolimod) attenuates beta-amyloid peptide (AB42)-in-
duced impairment of spatial learning and memory in rats
[J]. J Mol Neurosci,2013,50(3):524.

Deogracias R, Yazdani M, Dekkers MPJ, et al. Fingoli-
mod, a sphingosine-1 phosphate receptor modulator, in-
creases BDNF levels and improves symptoms of a mouse
model of Rett syndrome[J]. Proc Natl Acad Sci USA,
2012,109(35):14 230.

TEIE 2014 F5 5 BE M



[21]

[22]

(23]

[24]

[25]

[26]

(28]

[29]

[30]

[31]

[32]

Li N, Liu G. The novel squamosamide derivative FLZ en-
hances BDNF/TrkB/CREB signaling and inhibits neuro-
nal apoptosis in APP/PS1 mice [J]. Acta Pharmacol Sin,
2010,31(3):265.

Xia'Y, Wang CZ, Liu J, et al. Brain-derived neurotroph-
ic factor prevents phencyclidine-induced apoptosis in de-
veloping brain by parallel activation of both the ERK and
PI-3K/Akt pathways[J].
(2):330.

Kelsey NA, Wilkins HM, Linseman DA. Nutraceutical
antioxidants as novel neuroprotective agents[J]. Mole-
cules,2010,15(11):7 792.

Schmandke A, Schmandke A, Strittmatter SM. ROCK

and Rho: biochemistry and neuronal functions of Rho-as-

Neuropharmacology, 2010, 58

sociated protein kinases[J]. Neuroscientist, 2007, 13 (5) :
454,

Kubo T, Yamaguchi A, Iwata N, et al. The therapeutic ef-
fects of Rho-ROCK inhibitors on CNS disorders [J]. Ther
Clin Risk Manag,2008,4(3) :605.

Tan HB, Zhong YS, Cheng Y, et al. Rho/ROCK path-
way and neural regeneration: a potential therapeutic tar-
get for central nervous system and optic nerve damage [J].
Int J Ophthalmol ,2011,4(6) :652.

Zhou C, Ling MT, Kin-Wah LT, ef al. FTY720, a fun-
gus metabolite, inhibits invasion ability of androgen-inde-
pendent prostate cancer cells through inactivation of Rh-
0A-GTPase[J]. Cancer Lett,2006,233(1): 36.

Takasuqi N, Sasaki T, Ebinuma I, et al. FTY720/fingoli-
mod, a sphingosine analogue, reduces amyloid-f produc-
tion in neurons [J]. PLoS One,2013,8(5) :e64 050.
Kimura A, Ohmori T, Ohkawa R, et al. Essential Roles
of Sphingosine 1-Phosphate/S1P1 Receptor Axis in the
Migration of Neural Stem Cells Toward a Site of Spinal
Cord Injury[J]. Stem Cells,2007,25(1):115.

Trkov S, Stenovec M, Kreft M, et al. Fingolimod-A sp-
hingosine-like molecule inhibits vesicle mobility and se-
cretion in astrocytes[J]. Glia,2012,60(9): 1 406.
Mullershausen F, Craveiro L M, Shin Y, et al. Phosphor-
ylated FTY720 promotes astrocyte migration through sph-
ingosine-1-phosphate receptors[J]. J Neurochem, 2007,
102(4):1 151.

Wu C, Leong SY, Moore CS, et al. Dual effects of daily
FTY720 on human astrocytes in vitro: relevance for neu-
roinflammation[J]. J Neuroinflammation, 2013, 10 (1) :
41.

Kimura A, Ohmori T, Kashiwakura Y, ef al. Antagonism
of sphingosine 1-phosphate receptor-2 enhances migration

of neural progenitor cells toward an area of brain infarc-

TEHE 2014 FH 5 HHE M

[34]

[35]

[37]

[38]

[39]

[41]

[42]

[44]

tion[J]. Stroke,2008,39(12):3 411.
Coelho RP, Payne SG, Bittman R, et al. The immuno-
modulator FTY 720 has a direct cytoprotective effect in oli-
godendrocyte progenitors[J]. J Pharmacol Exp Ther ,
2007,323(2):626.
Miron VE, Jung CG, Kim HJ, et al. FTY720 modulates
human oligodendrocyte progenitor process extension and
survival[J]. Ann Neurol,2008,63(1):61.
Yu N, Lariosa-Willingham KD, Lin FF, ef al. Character-
ization of lysophosphatidic acid and sphingosine-1-phos-
phate-mediated signal transduction in rat cortical oligoden-
drocytes[J]. Glia,2004,45(1):17.
Jackson SJ, Giovannoni G, Baker D. Fingolimod modu-
lates microglial activation to augment markers of remye-
lination[J]. J Neuroinflammation,2011,8(1 ):76.
Zhang Z, Zhang Z, Fauser U, et al. FTY720 attenuates
accumulation of EMAP- Il * and MHC- Il * monocytes in
early lesions of rat traumatic brain injury [J]. J Cell Mol
Med,2007,11(2):307.
Durafourt BA, Lambert C, Johnson TA, et al. Differen-
tial responses of human microglia and blood-derived mye-
loid cells to FTY720 [J]. J Neuroimmunol,2011,230(1/2) :
10.
Campos F, Qin T, Castillo J, et al. Fingolimod reduces
hemorrhagic transformation associated with delayed tis-
sue plasminogen activator treatment in a mouse thrombo-
embolic model [J]. Stroke,2013,44(2):505.
Zhu D, Wang Y, Singh I, et al. Protein S controls hypox-
ic/ischemic blood-brain barrier disruption through the
TAM receptor Tyro3 and sphingosine 1-phosphate recep-
tor [J]. Blood,2010,115(23) :4 963.
Ding K, Blondeau N, Lai C, et al. Neuron-derived sphin-
gosine-1-phosphate protects brain endothelial cells from
ischemia-induced cell death via Akt-mediated mechanisms
[CV/Soc. for Neuroscience Abstracts, 2004, 34(199).
Foster CA, Mechtcheriakova D, Storch MK, ef al. FT-
Y720 Rescue Therapy in the Dark Agouti Rat Model of
Experimental Autoimmune Encephalomyelitis: Expres-
sion of Central Nervous System Genes and Reversal of
Blood-Brain-Barrier Damage [J]. Brain Pathol, 2009, 19
(2):254.
Walter DH, Rochwalsky U, Reinhold J, ef al. Sphingo-
sine-1-phosphate stimulates the functional capacity of pro-
genitor cells by activation of the CXCR4-dependent sig-
naling pathway via the S1P3 receptor[J]. Arterioscler Th-
romb Vasc Biol ,2007,27(2) :275.

(Wcks 1 397:2014-05-09  f&[01 H 18]: 2014-07-14)

China Pharmacy 2014 Vol. 25 No. 43 - 4125 -



