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[ Abstract] Sphingolipid metabolism is widely involved in the functional regulation of different cells, and also
plays an important role in ocular tissues. Sphingosine 1-phosphate ( S1P) is the end product of sphingolipid
metabolism and has been shown to play an important role in the onset and development of eye diseases. S1P signaling
pathway is widely expressed in various ocular cells and is involved in the regulation of cell proliferation,
differentiation , migration and apoptosis. S1P activates a variety of signaling pathways by binding to corresponding
receptors and thus plays a wide range of physiological and pathological effects in the eye. Recent studies have found
that the S1P signaling pathway can not only mediate the normal development of blood vessels and nerves in the eye,
maintain the normal structure of the ocular tissues,and participate in the metabolism of lipids in the eye,but also has
a close relationship with immune-related inflammatory response, pathological fibrosis, destruction of cell functional
barrier and other related pathological changes. This paper mainly reviewed the basic overview of the SI1P signaling
pathway , its physiological role in the eye,and its role in the pathological changes of anterior and posterior segment
diseases,so as to provide new directions and targets for the treatment of eye diseases.
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BB AT 12 2 5 7R [R) 40 M 0 Ty R A 4, L™ AR 1 — 2
RGBT W) BA ) T Tblﬁﬁfp?ﬁ?ﬁwgﬂjf 5
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Horpdy i B AR, 2 5 S A0 N ORI S8 E BN, 5 e 20 I 2 1
LI RE , DT 52 Wi 4 bR s 14 AL 19 JEi Z2 ( diabetic retinopathy ,DR) |
AE W AH 5% P 35 BE A5 P (age-related macular degeneration, AMD) |
FI P 7 0 R R T IR 25 R o g T L W s AR i
W E AL AE 8 B R L Bl & BE % ( ceramide, Cer) | H & B
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S S1P {55 18 B 78 MR BRSO 9 A A A A e rh e S TR AR
ASSCHE STP {5 538 % 7 IR P9 1 A2 B BUE AT R G4 iR

1 SIPFSERMERER

1.1 S1P (¥4 B F R

SIP {32k /K 1 th Fo2E i 5 B R 2L W) 4 4% . 45
R G0 M 4 & B B B ( sphingosine kinase, SphK) . S1P # g fif§ il
S1P ZLfif BiEAh) i, SphK 245 SphK1 Fl SphK2, SphK1 7E Jifd JiT 4
2 54 i S1P 5 SphK2 7 Hu #% Py 3 i 4 2 (1 % S Bk AL I, 2 5 4
g AR i IR py 2 TR R ) . W ST R WY SphK 37 B 5 5
I, Cer 75 25 1t iz i 119 156 1% 55 4 R 4= Ji Sph, B J5 , SphK R
g {f Sph 19 1-¥2 3L & A= B R Ak, AT A= B STP; 45 LY S1P il
3 S1P 3z {4 (spinster homolog 2, SPNS2) o ABC K G §4i5 &
200 0 52 53 8, 3 Hh 316 25 1 M (apolipoprotein M, ApoM) | [
FEAFHEEASHE Z RN S SIPR 55 K HIEM Y
A% S e i, S1P 76 S1P i 1R T 104 06 Wl 19 1 P 0 A
Sph, B 7E S1P 241/ Flf (9 1 1 BB M7 , e &8 03 R o 1 7S ik M
i F 2 e w0
1.2 SIP {5538 g S A 2+ 1E

S1P E2# L 5 SIPRs M B AR K #E W) =500 . SIPRs
J&TF G E B Z R, 0% SIPR, ~ SIPR,, X $0 H A7 [ 55 fl )
1 S1PRs 5 i = B4k G # A \Rho F i/ S = W B2 Wi A1 2
I Akt S5 i) 0 G R A0 M PN 1 5l IR 25 L 7 A R W) R A
FU L SIP LI HE A WA (55 43 W B [ 40 1 5 3 A T 40
HETT 545 Sk SIPRs 454, 0% Pl B S i ™ . BT 4
SMEF A BEFE B S1P 3 15 O 55 — 4% i 76 41 i 3 & 484
gt & I MR IR PE ] T o (tumor necrosis factor-a, TNF-a)
ZARA G F 2 AR SRR (T C 0 T S 20 DY A S
BTST (AR FPLE RS A L SIPR, IR IR K B R I
LA 2 A, 5% W I R 28 R G 00 A R, A O B AN DA B
At 3 10 200 6 9 3 i R A SIPR, E A KBRS
SIPR, B I & H, 2 A8 75 5 19 9 99 I 955 2% (oxygen-induced
retinopathy , OTR ) Hr fig 1 /1N B3R I J5E g B8 48 it 487 A B O € 2% 1F
LA A AR, LS 1 L AT e i R A TS SIPR,
AT LR S b BB P R A ) A, R e N R AL AR R R, T
O T, HE — A5 B R I AT TR 0 2T 4 fb kT
SIPR, FEAEWR AL 63k, 8 3 10 F1 40 B 5 % 0 85007 4
PR 09 40 WA S STP R Sz 4 ol /DY 5 SIPR % A
FHRMAL, 25 AR RZGAMBREHE " . % LRk, Sip
G5 2258 REEMWMEERKRE,

2 SIPFSEERSRBLE

2.1 SIPfEE K SRBMELE

2.1.1  SIP {5 55 76 00 9 IO 40 0 % & P B AE L S1p
3 R T LA R A R O 4N D B % & . Miranda 2500
YRS B S1P WL LA B J 't 40 Mg 41 40 Ji2 ( retinal progenitor cell,
RPC) 1 584 A5 143 A, 3 31U 194 3 J Ol 20 0 1 90 3 1 1) 22 35 A
SERL. ARG F M, SPNS2 5@ 1 F M RS R H 4 F N-

cadherin/b-catenin {54 RPC /Y33 1 4=, T2 #F RPC
GrA, ik — 2 A STPR, S 309 OL 40 M A% 1 2 2%, $20R S1P
i 5 B 5 OGN L R A

2.1.2 SIPFSHEBIEMES SHHIEMN EAMEL T
2k, — SRl I 51 40 T 5T L 0 B A 22 5 41 i (retinal ganglion
cell,RGC) A= 1 S ] [ 5 J5 1) 4 B , fo7 b 5 90 A L B 422 1) 4
FUARAE R, DT TE B I ) Y b 5 38 %, 33 of Iy 2L 3l 40 0 IR AL
B 2 S A S B Y A BT R W] SIP FE A 4
G y121:-Rho-ROCK {5538 12 7t X5 ) M0 B IR RGC A= RETE &5
W SEIRHNFE R TTHIRE . I 81, Strochlic %™ % B S1P i
it SIPR,-G.,,,,-RhoA-LIM 3 5 i 7 5 5 I H JTC i £ 40 10 Ji
RGC AR HEIR I s BILIWT S1P A S A 50% i+ 22 il 58 28 5 1L
T35, % SR H0 X A U5 M S1P AT LA 43 36 s Rl 28 5] S
TR LR ZHM 2 BN A T 5 X ) 8b, BF 53 9 W B &4 4k 4
A Bt 2 Ao B AR IR AR, S S1P 2 (R 47 7L HR 4R
PP, AT RE S 51 S0 B AR O O AR LA o
B,

2.2 SIP {5550 B% 5 00 M IR 1L R &

AP0 S A B A O 3 )2 A A ER AR LA AL o [R] i A
R4 A . B 530 52 SIP 3 if SIPR, -G, -PI3K-Akt/Rac ji
B A AL T 1ML e AR, Ll 2R R BN B TN B A e
WA 53 00 5 T RO AE T 5 H A Tl 3 S1PR, -Gy 0,
Rho-ROCK-PTEN i j 40 i A K2 240 Jid 1E % 3 A& i 45 A= A, 42
ik VE-cadherin B B2 fk , % PR 055 P B2 BR B . [RLtE, STPR, 15
STPR, [ Az 1 2 3% 07 - 465 7T e & WU 00 8 & 28 1005 e o 11 G i o
Fang %™ HFJE & B, 5 16 % AL He , SPNS2 /A BL00 P J 3¢
2B A M 4332 ] I A RTR I AR g BLR BR R R
718 R SPNS2 T RE N I S1P 33k 7K -, T 52 il 1R ) 1M A7 42
Ho Li LTk, SIP Wl DL gh 37 T 48 4 0 & W & A K FHF
(vascular endothelial growth factor, VEGF ) {5 5 i 1% i 55 20 %
MLAE A2, A0 100 5 5 ) AL ) O 0 2 R0 T

3 SIPESEESRAER

3.1 SIP{E5@EES AMD

AMD ®] 3 N4 AMD Fijg 4 AMD, &1t AMD 7 VEGF
FR B A A 55 22 Fh 40 i D) 1 1935 T T bk 4 TR A i
& ( choroidal neovascularization, CNV ), 1% % Hf Ml 1 & & &
DY, Ho g R I % | Bz (retinal pigment epithelial, RPE) 5
CNV R JEHVIM G . AWTFLIESE SIP ul KI5 5 RPE 40 i 3 /&
P T 2B CNV [ % 24 & B Terao 2572 B 5% & 8L
EALE A SIP fE I RPE 1 VEGF 5 HIF-1a 93 35 I i IR
RPE 2 g 5 B 1) 58 8 4 5 T ApoM 455 19 S1P RE % 3% 5 20 i ¢
R T e, AT 820 1 98 U 5 B BT S1PR, W] 8 3 OG5 5/ R
CNV B2 B 1 #F &, i W S1P/S1PR, &2 CNV —F i 72 11y
TRITHE R o A, VEGE 7] LU U SphK1 5 for F g iR 1L, 1
SIPR, ik, {2t S1P 4 3 1 1A Bz B — A A6 20 & i i 7R 16 13984
Tifg Akt SO0, 3 T 0 06 1004 2

T AMD (1% 3 40 2240 46 RPE #4714 25 41 , Ik 2% I
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T 1ML R B BE OB IR B3 2 U0 W AR BB (outer
limiting membrane , OLM ) f Miller 2 il T5 3t 5% i 1 56 J% 52 2% 40
ML PR B h AR, A R AN R SRR S AE . IR R
SphK1 X 4E 45 OLM 45 #4) 5¢ 8 4 e 15 28 /E o m Bk SphK1 S5
OLM IE % 25 K53 2 , k) Miiller 40 3245 g 2e & HE, 51 2
RPE 41l i JE 25 55 5 R ) B B 79, 2 1 412 0k g o 0 AR, Jje &8 3 3K
PR T BE R AE AMD B 301 B BE L S1P 3l 358 34 0 4 v il
JE SIS A -1 R AR 58 B 47 B9 26k {2 iF RPE bRz -
[) 78 5 2 Ak, 0L BT 4k A N e AL AR e ) oW LB 2
(a-smooth muscle actin,a-SMA) ik , /- FEF4Efb i 12, i
BRSO X SIP 5 55 B AE AMD R[] 5 B 4% £ 1o 45
YRR, 30 75 R 8 R AT B2, LA 4R 1) B OKG o A 3R 97 0
il 8 AR IR YT O B, S BURS Mk BT A B R
3.2 SIP {55 i 5 5" LA M s A8

B A I T R T LA )RR AR A T 4 R R R 32
RS . BRI R BYIR T VEGFa, if A HAth # 2 H
FSEHAME HE, IR agmiEs RmE. g EmRE
(angiopoietins, Ang) 1 Fl Ang2 %%, Angl/Tie2 & J& {i& #F Il 4 =
E U AR IS 50 4 P 5 Ang2 1 O K R B 2 14 Tie2 #5470
F5 Angl 354, S BN A RE L HE M B . Eresch
4% B SIP GBS S Angl Al Ang2 B UJIE R, 16 OIR Hiid %
ik Sphk2 K& PRAR HE /N BUIE S HT A= 1 45 9% 1%, 77 Sphk2 gk PH
53k 71N B A 0 ST A I A8 T B 18 s R 9T 30k — 25 R IR, Sphk2 FE A
AR /N R P Angl B Ang2 A3 B FE T, BB Angl
A Ang2 J& SIP Z 53 A M A K m F Xz —. Wik, T
S1P &3k ml BN L= LA M JE A% 1 1 37 138 97 B
3.3 SIP {55 DR

DR J& R CH WL BOE IR 2 — , J5 40 & 2% 51 R 09 44
G R R MR AE T L H AT, A BF ST R R AN o e
e i B ] s s B o A 2R B, 38 33 Rho GTPase 3 % il 5t
I B B 2 4 LAY 5 B B4R, 200 AN i ek 02 O I A 0N B2 4
Mgk iE S B A AR . Durham 287 % B B FR 9 R
FY JE AR, L A WUIA DL S B 2% A AR M D R g
o o-SMA 5N HE R R R R T B, m S1P A LLi@E i Rho
GTPase i %2 ¥ J5 40 i o«-SMA FIALZh E A BB, 78 DR Jg
FLRZS T, A 4 Mo v SphK1 8% B2 1k S 4t M3 i, B 43 W S1P LA
P A Bk A7 H RN Gkt G S1P Xof J&] [l I & P B 40 M 7=
fER . SIP 433l i S1PR, 42 i0F i 45 P9 Bz 20 Jifd 5 & 4% 28, 3l 5
SIPR, il SIPR, v I 45 s i 7 o IR I, 38 40 i — 1y
B 20 B B PR IR B3R 9T T TR Dy 190837 R A 1 B DR s R ) R it
BRRAGPRAE— PR 7 2, BRI 2 Ah, AR Sk WF T 7 B — 25
5E S1P-Rho GTPase {5 5l % & 75 DL M 7 £ KR JE ¥ DR
FBUE T A A0 R A A AR . AE DR P A IR R 5 G 8 45
Wik hy 2 T LG5 A B 0 R A M 58 405 o BF ST E S 2 BB IR
KB SIPR, %5 T RGC J2 & N # )2 (inner nuclear layer,
INL) , [ SIPR, ik J5 RGC T, LU b 25 56wl
PRI R B RGC &G PE AT BE 55 SIPR, A %, # ] SIPR, 3Rk Xt ML
W A — 5 PR AP A .

3.4 SIP 5B A B s 1 4 R

E] B 4 08 P 4 %5 1B % (autoimmune uveitis, AU ) J& — i %
04 5 W Ty BE 9 R P S B R e , R0 2 A B R 9 9 e 11 TR R
FZP U EWBRT, b TR A £ 2 440U 45 b L TR
BT 7, T kT H B RN ME T A0 B . — B g it
Z VBT W, T 40 AR IR R0 R 19 35 = T B 8 IR Bl SR i -
L0 JIE 5 5, S B Tl Th2 240 Jfg B0 4% 40 Mg 26 32 i IR 7
36 4% AE 20 i [7) B s 4 i R s Ak B L fR 0 22 4 e
SEAR | B O T K 3l i ) 16 TR I A0 ML A R B S R
WIS & B SIP/SIPR, 5 Sl s 42 ifF T 40 i M\ vk 2% bk B2 20 83
I 3T A 5 4 747 . Commodaro 25! 7 52 e # AU 700 o
FIH FTY720 T SIPR, FiEJ5, KB T 403 1) B P9 48 4 36 47
B AT RS vk 55 LR 4140 CDA™ T 40 ffa %5 syl 4>, 9/ 35 M T 40 g
Uik, M EZ RAER & 7150, RPE 4 Jfl BE 2 i — #1L o] Ji
ot B 1) 2B A8, SOAE D G g ot B % 3 A i % TR 43 Ry W R
Wiy B 8 22 S8 1) AT P TR -, 5 45 4 4 I 46 0 5 A0 Fan
axCUE ST R A F TR SIP 3 N RPE 4 g 38 A= Jf 40 il 1 o4
T-o BEAh, ApoM 254 1) S1P A L 1 RPE H & % i B M1 6 R
F3%35, 3% RPE 48 i 5F 5 2 Ag , 35 10 G B T 46 35 1 — 10 ) i
PR e RS L L g5 W] SIP [ RE{R ik RPE A S0 4
PEMHER . HAT, 3097 AU LR REW 2, S35
Ja B 4y WA R 22, TR S8 o R BR L STP e S 4 7
VR ] P 22 PR AT D AU BIRTT B AR L
3.5 SIP {553 %5 I & T fA 7 R ER

JE R PR TT A TR O MRS B R AT 386 A 2 B R R, /N R
(trabecular meshwork, TM ) I i B 5 & 34 32 B BRARAE ) o 75
RIS AT R TV 20 it A % 73 O JUL 0T 4 240 ik 1) 6 34, i JUL A &7
o 20 M EL A SR 1, S BRI s B B Y L S1P 2k
WO TR AR B e, — BB AN BB SR A9 TM 40
M v & B, S1P BTG Rho GTPase i i € 2F L 3l 2 (1 1 410 Jifa 1 &
AR P AR A LER AR I R R A, RV B A AR A, 3
0 TM AW 4E 3, P I AR D A Y BE— A BB TM 40 M
W) SIPR, J& , WLEK 2 1 4% 5 Wl IR 4 28007 o 9 BEL 1K, 156 B S1P Ji
it S1PR,-Rho GTPase i& 18 & 5 J & M ¥ M 1 75 S IR 19 5 B
EUR A
3.6 SIPfF5iESHERER

TR RS —Fh LA RS 1 B 40 B 3 A g R AR 1 R 4
Az 2 AR R A2 RURRIR 40 A 5 0 AR A0 R BB e e o fF Bl
AR 2 M 352 1 A pR SR B RS D 2 AR Y A B A 3 BT R E
L R 2T A 240 B R I ) 5 L5 R KUY BRI E
FEFORE A A, SIP 58 Rk KT 5GBS B A — E KRB,
Igarashi 257 % BUBLAR 5 PY 41400 SIPR 223K & T 1E 9 45 B 41
ZLERWSIPH RS S5RRBERANFEISE., #F—-PHRE
I, AL BRG] SphK2 3R ik K F-, {1 i 245 B 40 4L rp SIP 7
Az 3L STP-RhoA 5558 B, /™ A5 A2 48 41 M B3 A0 , fn 5k
4 T BRI o 3 S A R T L T 4 A A I T i A
MRl RFERBERNET . FIL, T SIP £kl gEN
FAR T R IF A B YR YT 7 ] .
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3.7 SIP {553 B 5 [ 4 A

IR FF JE e — T L) 3 A A I L 5 80 R o
A5 TR R T I, R I AT 4 R o B A — Y Qi
A 100 B I J2 vl N 150 4 A9 5SS 2T 4E 4 2 ( human keratoconus
fibroblasts, HKCS)%%ESE‘J%%%%M% a-SMA F1 5 J5t £F 4 - 11l
B3 L, #— PR KM, HKCs 1 Cer #l SIP KV 3y i F
O\ B 2T 4 41 (human corneal fibroblast, HCF) |, 4} JE % S1P
F1 Cer 4b 3 HCFs Ht o-SMA i J5L £ 4k - T 3¢ 36 #0  35 F o, i
i Cer F2ikJG , HKCs LF b Fe M R AR i 5 . DL R 25 SRR W]
SIP {5538 s 1] LA JE 2% 59 4ft #1152 27 4k AL, 5 28 BN [ 46 A S 11
AL TS W) AR R P AR T R A
3.8 sip 1;. 538 5 A A AR S T I

FAE RS AR S H AT R Z UM I 09 EEIRYT O ik, R %
o S AR o R T 32 R A R A B T R A e HE R
JSRE, HE TP BCT AR T L 25 W6 9T R S R B —
g LT B, W WA AR TR MR A S (I 74
FeE FERIE R %, I R 5 32 S04k KR . SIP/SIPR,
T 5 G E S R A O, T B G e R R Rl
KB FTYT20 A LIy /b T 48 e 35 30 F 04 28 3R S1P 5 3
B A BT A I 2R K o Zhu S50 FI T S SIPR, A2 A4
ffﬂﬁ‘@i@‘ﬁlﬂﬁ*%ﬂ:iﬁlﬁ?-ﬁl\élﬂﬂ’ﬂﬁﬁ‘@ T 40 fifl A 56
B 4 E AR F-12 400 430, 35 1 5 B 58 fR 4 i
B U A A B B K I D S BN, AN T B A K [ e
SIS B IS AR IS IR A7 05 B IR . B2, SIPR, Z RS
3R BT B8 AE Ay i 280 G 28 0 ok 00 s R RS AR S5 B, IR R DL
18 52 25 W) Bk A 1 T DL R T R0 .

4 NG

SIP 5 53l B 7E AR A 1 22 & A IR S0 5 b 2 48 o 2 AR
BRI R A 2 M R fpﬁlﬂ‘@%ﬁiﬂﬂﬁ%h&ﬁﬂéﬁﬂ@%%
R, Hoh K Z B0l 2 i S1P-Rho GTPase J /i =6
R, A 0 B — 2 K58 SIP-Rho {5 5 18 % 2 15 i B AR B 2
BORAR Sy T . BRT, BE X STP {5 5l i ) 259 B 2 7E I IR
B AE R BIARRBHIRIT o RRERIRRI TS
I (4% : [ W] S1P {5 5 1 % 5 H AL 75 538 i 1 83 4 PR pL ]
I EEIORS B BV TR A T AT X SLP 5 5 1 % Y IR RH
BT .
kST R (R I R S (R TE SRUIEN
AR SO RO R T 0 A SR 0 4 5 R B

&% Lk

[1] Simén MV,Prado Spalm FH,Vera MS, et al. Sphingolipids as emerging
mediators in retina degeneration[ J/OL]. Front Cell Neurosci,2019,13:
246 [ 2022 = 06 = 06 ]. http://www. ncbi. nlm. nih. gov/pubmed/
31244608. DOI:10. 3389/fncel. 2019. 00246.

[2] Nixon GF. Sphingolipids in inflammation ; pathological implications and
potential therapeutic targets [ J]. Br J Pharmacol, 2009, 158 (4) :
982-993. DOI:10. 1111/j. 1476-5381.2009. 00281. x.

[3] Magny R,Kessal K,Regazzetti A, et al. Lipidomic analysis of epithelial

corneal cells following hyperosmolarity and benzalkonium chloride

exposure ; new insights in dry eye disease [ J/OL]. Biochim Biophys
Acta Mol Cell Biol Lipids,2020,1865(9) : 158728 [ 2022-06-06].
http : //www. ncbi. nlm. nih. gov/pubmed/32438057. DOI:10. 1016/].
bbalip. 2020. 158728.

[4] Ravandeh M, Coliva G, Kahlert H, et al. Protective role of
sphingomyelin in eye lens cell membrane model against oxidative stress
[J/0L]. Biomolecules,2021,11(2) : 276 [ 2022-06-06]. http.//
www. ncbi. nlm. nih. gov/pubmed/33668553. DOI: 10. 3390/biom110
20276.

[5] Ishay Y, Nachman D, Khoury T, et al. The role of the sphingolipid
pathway in liver fibrosis: an emerging new potential target for novel
therapies [J]. Am J Physiol Cell Physiol, 2020, 318 ( 6)
C1055-C1064. DOI: 10. 1152/ ajpcell. 00003. 2020.

[6] Proia RL,Hla T. Emerging biology of sphingosine-1-phosphate : its role
in pathogenesis and therapy [J]. J Clin Invest, 2015, 125 (4) :
1379-1387. DOI:10. 1172/]JCI76369.

[7] Takuwa Y, Okamoto Y, Yoshioka K, et al. Sphingosine-1-phosphate
signaling in physiology and diseases [ J]. Biofactors, 2012, 38 (5) :
329-337. DOI:10. 1002/biof. 1030.

[8] Chaudhry BZ, Cohen JA, Conway DS. Sphingosine 1-phosphate receptor
modulators for the treatment of multiple sclerosis[ J]. Neurotherapeutics,
2017,14(4) :859-873. DOI:10. 1007/s13311-017-0565-4.

[9] Maceyka M,Spiegel S. Sphingolipid metabolites in inflammatory disease
[J]. Nature,2014,510(7503) : 58-67. DOI.10. 1038/ nature13475.

[ 10] Spiegel S,Maczis MA ,Maceyka M, et al. New insights into functions of
the sphingosine-1-phosphate transporter SPNS2[ J]. J Lipid Res,2019,
60(3) :484-489. DOI:10. 1194/jlr. S091959.

[ 11]Hagen-Euteneuer N, Alam S, Rindsfuesser H, et al. S1P-lyase
deficiency uncouples ganglioside formation-potential contribution to
tumorigenic capacity [ J/OL]. Biochim Biophys Acta Mol Cell Biol
Lipids,2020,1865(8) : 158708 [ 2022-06-10]. http://www. ncbi.
nlm. nih. gov/pubmed/32283310. DOI. 10. 1016/j. bbalip. 2020.
158708.

[12]Chun J,Hla T,Lynch KR,et al. International union of basic and clinical
pharmacology. LXXVI. Lysophospholipid receptor nomenclature [J].
Pharmacol Rev, 2010, 62 (4) : 579 - 587. DOI. 10. 1124/pr. 110.
003111.

[ 13]Spiegel S,
in immunity[ J]. Nat Rev Immunol,2011,11(6) :403-415. DOI; 10.
1038/nri2974.

[ 14] Alvarez SE , Harikumar KB, Hait NC, et al. Sphingosine-1-phosphate is
a missing cofactor for the E3 ubiquitin ligase TRAF2[ J]. Nature 2010,
465(7301) : 1084-1088. DOT:10. 1038/ nature09128.

[ 15] Kajimoto T, Caliman AD,Tobias IS, et al. Activation of atypical protein

Milstien S. The outs and the ins of sphingosine-1-phosphate

kinase C by sphingosine 1-phosphate revealed by an aPKC-specific
activity reporter[ J/OL]. Sci Signal,2019,12(562) : eaat6662[ 2022-
06-12]. http://www. ncbi. nlm. nih. gov/pubmed/30600259. DOI:;
10. 1126/ scisignal. aat6662.

[16] Cartier A, Hla T. Sphingosine 1-phosphate: lipid signaling in pathology
and therapy[ J/OL]. Science,2019,366(6463) : eaar5551[ 2022-06-
12 ]. http://www. ncbi. nlm. nih. gov/pubmed/31624181. DOI: 10.
1126/science. aar5551.

[ 17]Sobel K,Menyhart K, Killer N, et al. Sphingosine 1-phosphate ( S1P)
receptor agonists mediate pro-fibrotic responses in normal human lung
fibroblasts via SIP2 and S1P3 receptors and Smad-independent
signaling[ J/OL]. J Biol Chem,2013,288(21) : 14839-14851[ 2022~
06-12]. http://www. ncbi. nlm. nih. gov/pubmed/23589284. DOI.
10. 1074/jbe. M112. 426726.

[18]LiQ,Li Y, Lei C,et al. Sphingosine-1-phosphate receptor 3 signaling
[J]. Clin Chim Acta,2021,519 : 32-39. DOI; 10. 1016/j. cca. 2021.
03.025.

[19]Fan X, Liu L, Shi Y, et al. Recent advances of the function of
sphingosine 1-phosphate ( S1P) receptor SIP3[J]. J Cell Physiol,
2021,236(3) : 1564-1578. DOI;10. 1002/ jcp. 29958.



- 706 - B S IR B AR

2023 4FE 7 HE5 41 55 7]  Chin ] Exp Ophthalmol, July 2023, Vol. 41,No. 7

[20] Miranda GE, Abrahan CE, Politi LE , et al. Sphingosine-1-phosphate is a
key regulator of proliferation and differentiation in retina photoreceptors
[J]. Invest Ophthalmol Vis Sci, 2009,50(9) : 4416-4428. DOI. 10.
1167/iovs. 09-3388.

[21]Fang C,Bian G,Ren P, et al. SIP transporter SPNS2 regulates proper
postnatal retinal morphogenesis [J]. FASEB J, 2018, 32 ( 7)
3597-3613. DOI:10. 1096/fj. 201701116R.

[22]Kuwajima T, Soares CA, Sitko AA, et al. SoxC transcription factors
promote contralateral retinal ganglion cell differentiation and axon
guidance in the mouse visual system [ J]. Neuron, 2017, 93 (5) :
1110-1125. DOI:10. 1016/j. neuron. 2017. 01. 029.

[ 23] Fincher J, Whiteneck C, Birghbauer E. G-protein-coupled receptor cell
signaling pathways mediating embryonic chick retinal growth cone
collapse induced by lysophosphatidic acid and sphingosine-1-phosphate
[J]. Dev Neurosci, 2014, 36 ( 6) : 443 - 453. DOI. 10. 1159/
000364858.

[ 24]Strochlic L, Dwivedy A,van Horck FP et al. A role for S1P signalling
in axon guidance in the Xenopus visual system [J]. Development,
2008,135(2) :333-342. DOI:10. 1242/dev. 009563.

[25] Yang JJ, Bertolesi GE,Hehr CL, et al. Fibroblast growth factor receptor
1 signaling transcriptionally regulates the axon guidance cue slitl[J].
Cell Mol Life Sci,2018,75(19) :3649-3661. DOI.10. 1007/s00018-
018-2824-x.

[26]Bassi R, Anelli V, Giussani P, et al. Sphingosine-1-phosphate is
released by cerebellar astrocytes in response to bFGF and induces
astrocyte proliferation through Gi-protein-coupled receptors [ J]. Glia,
2006,53(6) : 621-630. DOI.10. 1002/ glia. 20324.

[27]Burg N, Swendeman S, Worgall S, et al. Sphingosine 1-phosphate
receptor 1 signaling maintains endothelial cell barrier function and
protects against immune complex-induced vascular injury[ J]. Arthritis
Rheumatol ,2018,70( 11) : 1879-1889. DOI:10. 1002/ art. 40558.

[ 28] Gaengel K, Niaudet C, Hagikura K, et al. The sphingosine-1-phosphate
receptor SIPRI1 restricts sprouting angiogenesis by regulating the
interplay between VE-cadherin and VEGFR2 []J]. Dev Cell, 2012,
23(3) :587-599. DOI.10. 1016/j. devcel. 2012. 08. 005.

[29]Sanchez T,Skoura A, Wu MT,et al. Induction of vascular permeability
by the sphingosine-1-phosphate receptor-2 ( SIP2R ) and its
downstream effectors ROCK and PTEN[J]. Arterioscler Thromb Vasc
Biol, 2007, 27 (6) : 1312 - 1318. DOI; 10. 1161/ATVBAHA. 107.
143735.

[30]Tezel TH, Bora NS, Kaplan HJ. Pathogenesis of age-related macular
degeneration[ J]. Trends Mol Med,2004,10(9) : 417-420. DOI; 10.
1016/j. molmed. 2004. 07. 004.

[3LIFEWF, R, P58 3, % R SUR AP T Ll 1 A 2 ok AR I S £ 3%
bR AR A e A R TR L] AR SRR IR B A L 2015,
33(1) :33-37.DO0I:10. 3760/ cma. j. issn. 2095-0160. 2015. 01. 007.
Fan Y, Lu H, Hou DS, et al. Promoting proliferation and inhibiting
apoptosis effects of sphingosine-1-phospate on human retinal pigment
epithelium cells under the hypoxic condition [J]. Chin J Exp
Ophthalmol ,2015,33(1) : 33-37. DOI: 10. 3760/cma. j. issn. 2095-
0160. 2015.01. 007.

[32]Terao R, Kaneko H. Lipid signaling in ocular neovascularization
[J/OL]. Int J Mol Sci,2020,21( 13) : 4758[ 2022-06-20]. http://
www. nchi. nlm. nih. gov/pubmed/32635437. DOI: 10. 3390/ijms2113
4758.

[33]Igarashi J, Erwin PA, Dantas AP, et al. VEGF induces S1P1 receptors
in endothelial cells:implications for cross-talk between sphingolipid and
erowth factor receptors [ J/OL]. Proc Natl Acad Sci U S A, 2003,
100(19) : 10664-10669[ 2022-06-20] . http : //www. ncbi. nlm. nih.
gov/pubmed/12963813. DOI:10. 1073/pnas. 1934494100.

[34]Simén MV, Prado Spalm FH, Politi LE, et al. Sphingosine-1-phosphate
is a crucial signal for migration of retina miiller glial cells[ J]. Invest
Ophthalmol Vis Seci,2015,56(10) : 5808 -5815. DOI: 10. 1167/ iovs.
14-16195.

[35] Wilkerson JL, Stiles MA, Gurley JM, et al. Sphingosine kinase-1 is
essential for maintaining external/outer limiting membrane and
associated adherens junctions in the aging retina[J]. Mol Neurobiol,
2019,56(10) : 7188-7207. DOI:10. 1007/512035-019-1599-x.

[36]Swaney JS, Moreno KM, Gentile AM, et al. Sphingosine-1-phosphate
(S1P) is a novel fibrotic mediator in the eye[ J]. Exp Eye Res,2008,
87(4) :367-375.DOI.10. 1016/]. exer. 2008. 07. 005.

[37] Campochiaro PA. Molecular pathogenesis of retinal and choroidal
vascular diseases[ J]. Prog Retin Eye Res,2015,49 : 67-81. DOI. 10.
1016/j. preteyeres. 2015. 06. 002.

[38] Akwii RG,Sajib MS,Zahra FT,et al. Role of angiopoietin-2 in vascular
physiology and pathophysiology [ J]. Cells,2019,8(5) : 471. http://
www. ncbi. nlm. nih. gov/pubmed/31108880. DOI. 10. 3390/
cells8050471.

[39]Eresch J, Stumpf M, Koch A, et al. Sphingosine kinase 2 modulates
retinal neovascularization in the mouse model of oxygen-induced
retinopathy[ J]. Invest Ophthalmol Vis Sci, 2018,59(2) : 653 -661.
DOI.10. 1167/iovs. 17-22544.

[40]Liu C, Ge HM, Liu BH, et al. Targeting pericyte-endothelial cell
crosstalk by circular RNA-cPWWP2A inhibition aggravates diabetes-
induced microvascular dysfunction [ J]. Proc Natl Acad Sci U S A,
2019,116(15) :7455-7464. DOI.10. 1073/pnas. 1814874116.

[41]Kutcher ME, Kolyada AY, Surks HK, et al. Pericyte Rho GTPase
mediates both pericyte contractile phenotype and capillary endothelial
growth state[ J]. Am J Pathol, 2007, 171 (2) : 693 —=701. DOI; 10.
2353/ajpath. 2007. 070102.

[42] Durham JT, Dulmovits BM, Cronk SM, et al. Pericyte chemomechanics
and the angiogenic switch;insights into the pathogenesis of proliferative
diabetic retinopathy? [J]. Invest Ophthalmol Vis Sci, 2015,56(6) :
3441-3459. DOI:10. 1167/iovs. 14-13945.

[43]McGuire PG, Rangasamy S, Maestas J, et al. Pericyte-derived
sphingosine 1-phosphate induces the expression of adhesion proteins
and modulates the retinal endothelial cell barrier[ J/OL]. Arterioscler
Thromb Vasc Biol,2011,31(12) :e107-el15[2022-07-26]. http://
www. ncbi. nlm. nih. gov/pubmed/21940944. DOI. 10. 1161/
ATVBAHA. 111. 235408.

[44]Qiu AW ,Huang DR,Li B,et al. IL-17A injury to retinal ganglion cells
is mediated by retinal Miiller cells in diabetic retinopathy[ J/OL]. Cell
Death Dis,2021,12(11) : 1057[2022-07-26]. http://www. nchi.
nlm. nih. gov/pubmed/34750361. DOI.10. 1038/s41419-021-04350-y.

[45]) Hf5, AXHE, B £0M. PEKFB3 S1P2 76 2 R PR K SR I JBE o 1y

FKik K BHQ BT HAEMILI]. ARFLHTHE R ,2018,38(2) : 131-135.
DOI.10. 13389/j. enki. rao. 2018. 0028.
Tian M, Yu X,Lv HB. Expression of PFKFB3 and S1P2 in the retina of
type 2 diabetic rats and the intervention effect of tBHQ[J]. Rec Adv
Ophthalmol, 2018, 38 (2) : 131 - 135. DOI: 10. 13389/j. cnki. rao.
2018. 0028.

[46]Chen N, Chen S, Zhang Z, et al. Overexpressing kallistatin aggravates
experimental autoimmune uveitis through promoting Th17 differentiation
[J/0OL]. Front Immunol, 2021, 12 : 756423 [ 2022-08-01 ]. http://
www. ncbi. nlm. nih. gov/pubmed/34733288. DOI: 10. 3389/fimmu.
2021.756423.

[47]Egwuagu CE, Alhakeem SA, Mbanefo EC. Uveitis; molecular
pathogenesis and emerging therapies[ J/OL]. Front Immunol,2021,12:
623725[ 2022 -08 - 01 ]. http://www. nchi. nlm. nih. gov/pubmed/
33995347. DOI:10. 3389/fimmu. 2021. 623725.

[48]Caspi RR. A look at autoimmunity and inflammation in the eye[J].]
Clin Invest,2010,120(9) :3073-3083. DOI. 10. 1172/]JC142440.
[49] Commodaro AG,Peron JP, Lopes CT,et al. Evaluation of experimental
autoimmune uveitis in mice treated with FTY720[ J]. Invest Ophthalmol

Vis Sci,2010,51(5) :2568-2574. DOI.10. 1167/ iovs. 09-4769.

[50] Zamiri P, Masli S, Streilein JW , et al. Pigment epithelial growth factor
suppresses inflammation by modulating macrophage activation [J].
Invest Ophthalmol Vis Sci,2006,47(9) :3912-3918. DOI. 10. 1167/



St EG IR B e s 2023 4E 7 HEE 41 55 7 4] Chin ] Exp Ophthalmol, July 2023, Vol. 41,No. 7 - 707 -

iovs. 05-1267.

[51]Terao R,Honjo M, Totsuka K, et al. The role of sphingosine 1-phosphate
receptors on retinal pigment epithelial cells barrier function and angiogenic
effects [ J/OL]. Prostaglandins Other Lipid Mediat, 2019, 145 : 106365
[2022-08-02]. http://www. nchbi. nlm. nih. gov/pubmed/31415870.
DOT:10. 1016/]. prostaglandins. 2019. 106365.

[52]Wan P, Long E, Li Z, et al. TET-dependent GDF7 hypomethylation
impairs aqueous humor outflow and serves as a potential therapeutic
target in glaucomal J]. Mol Ther,2021,29(4) : 1639-1657. DOI; 10.
1016/j. ymthe. 2020. 12. 030.

[53]Tian B,Gabelt BT, Geiger B, et al. The role of the actomyosin system in
regulating trabecular fluid outflow [ J]. Exp Eye Res, 2009, 88 (4) :
713-717. DOI:10. 1016/j. exer. 2008. 08. 008.

[54]Edwards G, Arcuri J, Wang H, et al. Endogenous ocular lipids as
potential modulators of intraocular pressure[ J]. ] Cell Mol Med,2020,
24(7) :3856-3900. DOI;10. 1111/jemm. 14975.

[55]Sumida GM, Stamer WD. SIP, receptor regulation of sphingosine-1-
phosphate effects on conventional outflow physiology[J]. Am J Physiol
Cell Physiol ,2011,300(5) : C1164-C1171. DOI: 10. 1152/ajpcell.
00437.2010.

[56]Zidi S, Bediar-Boulaneb F, Belguendouz H, et al. Local pro-
inflammatory cytokine and nitric oxide responses are elevated in patients
with pterygium [ J]. Int J Immunopathol Pharmacol, 2017, 30 (4) :
395-405. DOI:10. 1177/0394632017742505.

[ 57]Igarashi N, Honjo M, Fujishiro T, et al. Activation of the Sphingosine 1
phosphate-Rho pathway in pterygium and in ultraviolet-irradiated
normal conjunctiva[ J/OL]. Int J Mol Sci,2019,20(19) :4670[ 2022~
08-06]. http://www. ncbi. nlm. nih. gov/pubmed/31547113. DOI.
10. 3390/1jms20194670.

[ 58] Khaled ML, Helwa I, Drewry M, et al. Molecular and histopathological

changes associated with keratoconus [ J/OL]. Biomed Res Int, 2017,
2017 : 7803029 [ 2022 - 08 - 06 ]. http://www. ncbi. nlm. nih. gov/
pubmed/28251158. DOT: 10. 1155/2017/7803029.

[59]Qi H, Priyadarsini S, Nicholas SE, et al. Analysis of sphingolipids in
human corneal fibroblasts from normal and keratoconus patients[J]. J
Lipid Res,2017,58(4) :636-648. DOI: 10. 1194/jlr. M067264.

[60]Tan DT, Dart JK, Holland EJ, et al. Corneal transplantation[ J]. Lancet,
2012,379 (9827 ) : 1749 - 1761. DOI: 10. 1016/50140-6736 ( 12)
60437-1.

[61]Sinha R, Jhanji V,Verma K, et al. Efficacy of topical cyclosporine A 2%
in prevention of graft rejection in high-risk keratoplasty:a randomized
controlled trial[ J]. Graefe’s Arch Clin Exp Ophthalmol,2010,248(8) :
1167-1172. DOI:10. 1007/s00417-010-1388-8.

[62] 4k, T/NE 45 s, 5. FTY720 f0 ) S1P -5 iy 157 2E il

WFoE [T ], bR R Bl 2% 3 ,2015, (7) : 1134-1138. DOI. 10. 3980/
j.issn. 1672-5123.2015. 7. 04.
Zhong ¥ ,Ding XZ,Yang WZ,et al. Effect of FTY720 inhibiting corneal
neovascularition induced by sphingosine 1-phosphate[ J]. Int Eye Seci,
2015,(7) : 1134-1138. DOI: 10. 3980/j. issn. 1672-5123. 2015. 7.
04.

[63]Zhu J, Liu Y, Pi Y, et al. Systemic application of sphingosine 1-
phosphate receptor 1 immunomodulator inhibits corneal allograft
rejection in mice [ J/OL]. Acta Ophthalmol,2014,92 (1) : el2—-e21
[2022-08-16]. http://www. ncbi. nlm. nih. gov/pubmed/23910624.
DOI:10. 1111/a0s. 12237.

(U H 9 :2022-11-30 518 H 431 :2023-05-19)

(AR 56T I

BEHE - MEE - R

AFXERBRITERCPERER

HEEAL PR AL AT GB 3100/3101/3102-1993 ( [E bR 84 A i Ao Ho i JH /A 3¢ B8 A FAF 5 1 — i st U/ (e A7 9
4 )t ALY A KRAE , BARPAT T S BUp AR 2 2 2 A B A 5 1 (U5 e T s S AL FE R4 L BT ) 58 3 AR (N RV & A
2001 AE AR ) o AEETEB GBSO BT B A AR GBS AR M. A6 B8NS P RRHBRMRLS 2 K0 A TR
ng/ (kg - min) HYTE, WA ng/kg/min BT RS AT RESE A ALAF S, AT DL S AE W A0 (A A R B 5F) BT R A &
T AL, 0 2 IR/ ming FERUR 35 S8 1 6 8 T A0 BUME, 455 N 5 TH S0 55008 5 G 2R IR) — o B (7 S S B, AT K
P 7 L E T AL 5 IH ) G A e R B, AR RPN L e T i Al . Bt RO A 2 B A, S i 5 A R
FLAA R, B AT 5 1, BV R 6 S A BB G, B AL R AL 5 T R BUEZ )G . B0 :“75. 4 ng/T.+18. 2 ng/L” W] LIRIR Ry
“(75.4x18.2)ng/L7 o BERIAF S —HAIRHAT  AEOE AL (THAROG % ) M58 A,

R AR I 5% I ik AR W R R T AR A IR G K A R M R R [ 1998 ] 126 45 SO COG T I kB v 5 R S Y b SR E R0 ), L
SE W RO RSl i B TR DI RE , TT LA 2 K R A (mmHg) B K KA (emH, 0) Jy i 4 B A7, {H 1 U A I i B mmHg 5%
emH,0 5 kPa Ay 2 %0 (1 mmHg=0. 133 kPa,1 cmH,0=0. 098 kPa) ,

A 318 3 %& 5= it 72 Fp A 5 0 58 (0] A A0 2B A1 KR

AT A 0 5 Rl B 2 2 300 ) 0 2 B 2 ) 96 T AR ) o ) USO8 — 25K 7 4% ST 4 TE V%0 0L Bk 2 P X i AR A S 18 S0
A S 5 R R JRE O3 7 11 S5 2 W) 4% 3R T A A B PR T M) i 0% AR mn O SR A e e A o A SR e AR v R W A AE A
i K AR i S A R A ik 45 OB | (] I R AT 58 SR AT O B¢ B LR I SR A AR R B4 TE T B SO B S BN R o A R A [ AT T A S AR o
AT =G R R AT PR O AR E D BEORAE AN R B MLA Y 3 N HEAT , R G AR P ST DR SR g R R 4R B IR 2 )
FEVT o % 2 0 2 L5 o 8 T AR B SR T 5 75 o A 38 0 IO SO B0 X AT 5 £ A8 % 1 6% D A B3 9F o W) B ol st i T 5 45 S
W R BT ML AT RN 2 i TR TR g R R AT A .
(AT 43 8)





