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Expression and significance of S1P in vitreous humor of patients with proliferative diabetic retinopathy
YANG Yan-ting', GAO Yu-ru’, ZHANG Yi', LI Huan-huan', LIU Yao"
(1.Department of Ophthalmology, the Third Affiliated Hospital of Soochow University, Jiangsu Pronvice,
Changzhou 213000, China; 2.Department of Ophthalmology, Institute of Hematology &
Blood Diseases Hospital, Tianjin 300041, China)

[Abstract] Objective To investigate the correlation between vitreous humor levels of sphingosine 1-
phosphate (S1P) and proliferative diabetic retinopathy (PDR). Methods In total, 33 patients (33 eyes) undergoing
pars plana vitrectomy (PPV) in the Third Affiliated Hospital of Soochow University from October 2023 to May 2024
were selected, including 22 diabetic patients (22 eyes) with PDR as the PDR group. Based on whether they received
intravitreal anti-vascular endothelial growth factor (VEGF) as an adjunctive therapy at 7-15 d before surgery, the PDR
group was further divided into an anti-VEGF-PDR subgroup (8 patients, 8 eyes) and a non-anti-VEGF-PDR
subgroup (14 patients, 14 eyes). A total of 11 non-diabetic patients (11 eyes) who underwent PPV served as the
control group. The concentration of S1P in the vitreous humor of each group was measured using enzyme-linked
immunosorbent assay. Results There was no significant difference in age, gender, blood pressure, and biochemical
indicators such as liver function, kidney function and blood lipids between the three groups. The vitreous humor levels
of S1P was higher in the anti-VEGF-PDR subgroup than in the control group [ (61.02414.74) ug/1 wvs. (34.57+
23.14) pg/1., P=0.006] and higher in the non-anti-VEGF-PDR subgroup than in the control group [ (59.42418.26)
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pg/L vs. (34.57423.14) pg/L., P=0.003], while the difference between the anti-VEGF-PDR subgroup and the non-
anti-VEGF-PDR group was not significant [ (61.02£14.74) pg/L. wvs. (59.42+18.26) pg/l., P=0.853].

Conclusion

VEGF injection does not affect the expression of S1P.

Elevated S1P levels may serve as a biomarker for the development of PDR, while intravitreal anti-

[Key words] diabetic retinopathy; sphingosine 1-phosphate; vitreous humor

Vi SR W DR i I 8 O 2 RE v g L R 2 A 2
— B PR M B AE (diabetic retinopathy,
DR) &l TAE AR AHERL 7 3 2% i 1 2 2o [
F Gt BdEwoR ", FRIE 18~ 74 2 B RN
F, DR BRI RE IS 16.3%, SRR AR
200077 o B 7 Bl PR 7 S8 5632 47 B TH R R 1Y S
£, DRI E N BOE A0 H S A0 17 5 9 Rr 2k
AL R I PR T AR I B A g
HAEE, H DRI N2 CH B BRI VAR
B 5E R BE DR s M L B 9 48 (nonproliferative
diabetic retinopathy, NPDR) B¢, HARME R0 M
AR L 72 5 G 30 ) e e Sy i B R R 1 R
I JEE 5 45 (proliferative diabetic retinopathy, PDR)
BB, LA BB A A B O AR o 2T DR Y
I PR T 100 3 W 32 00 o I A5 2 L 3 I A 3
Pri 4 N B A K 7 (vascular endothelial growth
factor, VEGF) K4 W BHOEEBERIT 4. X
Se 7k BARTE — e R L T DRI T
X R o F LIRS 853, Bl = B 0 10
B 5 T PR e, e LA AT &LCE fi DR RY AE B iE
L 1-# iR 8 & B (sphingosine 1-phosphate,
SIP) AEhy —Fl B A L W 2 05 1 00 1 s AR5 4
BE ol DL5 40 i B By 28 G H Bk 2
& (sphingosine 1-phospate receptor, S1PR) 1~5
KRR SWS G, AT LERSE ZfFM, H4%H
FEANMISG 5 . 1ER . REANMIR I . A AR SR
A3 RESEIaE " . VEGF NMUGEE S & B &
A DA R AR A W U G R RE SR 3 AT 9
I P B A M A B A A A%, Hoal B E R R
SiE A1 J5T 28 3K 1175 e B A AR L, R AR DR
It - # B 5 B T 68, R W PR I8 O & AE 1Y i B
HERR R B LR EAE R . SIP 5 VEGE {7
S A S HAE AL AR, AR 2H SRR B R 32 AR
B AN, STP R AT LB A7, al L
VEGF 193hfig . F#ii SIP ££ PDR % 3 38 /A W
Ry FRA TGN, LAY VEGF {GIT &S &5 S1P
MERIE, WA RS M AT o ARSI T AE R
R 2 B T B = B e R AR} 4 52 28 B IR A4 SF 3H 78 3
B AR Y)#E R (pars plana vitrectomy, PPV) A 33

) (330R) Bk s SIP i kB 0L, TR
T SIP 54 VEGF g 2l L&, WEN
PDR A9 5T $2 587 B9 U1 A 85

1 #ABEFE

1.1 — YR BEE 2023 4F 10 A —2024 4F 5 F k
2T RN R E S = BB IR B2 PPV BRI
A 334 (33MR) . HPALHE 224 (221D PDR
H, IR YE R AT 7~15 d 2 A& B 7 BB R R Bt
VEGF 25 ¥ {F 4t , ¥ PDR A i — 2 5 ik 24
41 (anti-VEGF-PDR41) 8HR FIK{E 2541 (non-
anti-VEGF-PDR#) 141 ; #3Z PPV FARAAENE
PR 3 11 AR g X B2, O v 5 L R 0 IR0
i #  (rhegmatogenous retinal detachment, RRD)
6 HHR . #E&ktE#E B2l (idiopathic macular hole,
IMH) 3R . ¥E&PEE BEATE (idiopathic macular
epiretinal membrane, IMEM) 1 HHR | B¥ 55 1A 5 5t
FERLEAHE (vitreomacular traction, VMT) 10E .
ENIE NP N Nl I T T U e R (e LS
R d A [HEfESCS 2024 (O 550315 .
JI A 52 E A T BB H L S A
SO AR J5 R A8 28 5 T A [ 3
1.2 99 A PR HE SCHRRR A o
1.21 QAR F AR AOF5IE) OPDRY
YN FRUE . B2 2 BUHE IR (type 2 diabetes
mellitus, T2DM) I % PDR (%[ 2002 4 & Pr i
PR G Gbr i H 52 DR 4D 1, 32 32 2 R 1A 4R
# 25G Ar M =30 8 B AR DI BR TR & . AR R
7~15d & & 12 PSR E ST VEGE 259 % BiGI7
Bz & ot — L 493 9 anti-VEGF-PDR L4 5
non-anti-VEGF-PDR W41 . @ % 41 94 A #5 #E -
AT it R N1 3 8 A W G v R BB, e DA T R DR o i
§1, W RRD, IMH, IMEM 8 VMT 3 PPV F &
) £ VR Sy X BR2H
1.2.2 HEBRbriE OB anti-VEGF-PDR 41 7E PPV
AHG 7~15 d #: 3Z OB AR R Bt VEGF T 5HR7 56,
A B 58 X G2 75 HE b WG A B Q0 95 58 2 IR B R
g QA HET MM BB B (tractional retinal
detachment, TDR) #; OFfFA™H.OIME R5 .
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SRR IR s @4 JF HoAh AT g 5 2OR AR il
BIE NG IR RSB IR QI 25 R0 0 I e e 5 Jbk BHL 2E
G2 B RIS AR K R T S Ik A R e A5
W) Ho

1.3 ik

1.3.1 — R W BEI e sl E — R R,
LR N 2R AR CHEO . AR o AR it 2= 48
b CEpwn . MREE . IR . OE BRI R B RE A R 4R
FF 1] 5 ) s 3 40 3 ) BOE A AR G o B R o

1.3.2 RETHRA A A W& 52 3 & fe AR IE L )
KRR, FEAT R (O MR BEAH | 62 AH T B 2 4 4
MR H B R 5 S LR A, Il 2 4 IR B U 25
A LA A 25 AR 2 .

1.3.3 BEBIAPRAUE A FARYH R — 3R
IR BB i 47, T AR I =R bR ot =38 i AR L
PO A IR S UG, TR E RS T LS mL
PR EE T YIRS WA, AE 3 U)HLAE B il
EEPIEK . AZS —HiS 5 E T -80 CUK4H
Fri

1.3.4 3% B RV A A Kl
W Bk
ELISA) iX#l & (EH2564, R IEBR A4 YR A
B AED . W ERES B BE I 3. 125~
200.000 pg/L, & E . #LN2E R CV<8Y%., it
]2 CV<10%. #AFEE.: frfEfMh 20 EEAL,
BEAR AN E A L A 450 nm CEPE KD 570/
630 nm (ZFH K MWOLE, Jf L 450 nm 34
U 2% 570 nm 1§, 630 nm B2 EL AR SR IE ODAH .

1.4 Geit2Erik W SPSS 26. 0 483 4K 1 43 it
Bl FEESAANITREREL (7+9 £,
FEESS M EERLL (M (QR) | Fan; [
R A T A A0 A R 5 22 3R PR G B ORE SR T O 2% 40 B
S LSD-ri %0 s ANERHAES G % 22l
T E¥#4iE C(receiver operating characteristic curve,
ROC) HiZk, Z2r#r S1P #i il PDR i & 5 B
SPSSAU 24.0 % 4 XF fr 5 A A & #F 17 A 58 &
Power IR 36 . P<0.05 K234 Gt 3,

fil FHN STP fiff B¢ 4 %8

(enzyme-linked immunosorbent assay,

2 % ES

2.1 3D AfE BRI IR R 8 3414F
W IR N TR, DL R AR AR N
% MR 7 A B (alanine transaminase, ALT) ., K%
F R %% A B (aspartate transaminase, AST), ¥ I)

e 48 5 JR &£ & (blood urea nitrogen, BUN) | L
i (creatinine, Cre) FlJKER C(uric acid, UA) LI
J I JE 3% =B H I Ctriglyceride, TG) . &% R
fHE H C(high density lipoprotein, HDL) FIK % £ g
M (low density lipoprotein, LDL) &5 3 A Il IR
TR EESEGEITEE X (3 P>0.05, Bf
al e . 341 A IE L BE  (fasting plasma glucose,
FPG) WRERAG I FE X (P=0.024), Hr,
anti-VEGF-PDRAIFPG A (7.54+1.42 mmol/L,
non-anti-VEGF-PDR 41 FPG K  (7.30+
2.89) mmol/L, X M 4 FPG H (5.22+
0.25) mmol/L. anti-VEGF-PDR 41 FPG ¥ & J&
XfOR41 FPG ¥ B A9 1.44 5 (P=0.020)
non-anti-VEGF-PDR 4 FPG ¥ Ji& & % 44 FPG ¥
JE i 1. 40 4% (P=0.016), FPG f] fEJ& PDR &k
(s By DR 2%, s 2 ) AS £ W] RE FR F PDR 1Y%
HmE, Wkl

2.2 SHBEMIRASIPWE L  #id ELISA
PR T 3341 (330R) BEIIAFRA SIP & i, 45

B/RPDRASIPHE A (60.00+16.72) pg/lL [ H
i anti-VEGF-PDR 41 S1P ¥ & & (61.02+
14.74) pg/L, non-anti-VEGF-PDR £ S1P ¥ /&
Hp(59.42418.26) pg/L], X HE 41 S1P ¥k J¥
N (34.57423.14) pg/L. anti-VEGF-PDR 44 3
BEAARAR STP e B J2 Xof 1R 41 B 3 AR b AR S1P vk 5 1Y)
1765, 2R A 512 & L (P=0.008); non-
anti-VEGF-PDR 4 3¢ 3 (K b5 4% S1P e & 2 %) i 20
PSRRI A SIPWR Y 1. 724% , 2RA SR FE
. (P=0.003); i anti-VEGF-PDR 41 S1P ik J¥¥ 55
non-anti-VEGF-PDR 4] SIP ¥k EM 1L, 2R LS
T L (P=0.853) . #&/K SIP Al g 7E PDR 1 &
A B AR vh Rk R AR A, 3 AR Bt VEGF
25 X SIP Y RIA T Wi . L3k 2,

2.3 BEESIRPRAC S1P £IiAX PDRIZWI M %
S1P fE b K % 7% B, PDR & & & 4 F MR A4
(=0, A=D, ZH ROCHIZk, 4R %rx,
SI1P i il PDR %& = #9 AUC 24 0.798 (95%CI:
0.610~0.985), FWifH m 44.10, fHEE . 5%
FE 4y W R 72.73% . 90.91%, A & 8 KA
0.636 (1),

2.4  KEAR B S B M Power M) ALK B B
SPSSAU i, A= #E 4T 7455 KX Power
Dk s . a5 R WoR, 7RI 802 . «=0.05%
TR, Filit a5 % PDR 4 20 () ft BE2H 10 49,

o R AE A IR . A WE SR S PR g A 2 33
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Table 1 Analysis of demographic information and basic clinical data of patients in the three groups
P CBIEL, Y0 i Tk R ;

A (e P o ¥ R EEs5) (iiﬂﬁfffnﬁfﬁg) (.Tfifr}jﬁg) (fi.fnl:r:ol/u
anti-VEGF-PDR 2 8 5(62.50) 3(37.50) 56.63+14.19 141.634+23.40 88.13+10.78 7.54+1.42"
non-anti-VEGF-PDR 4 14 8(57.14) 6(42.86) 59.074+10.54 156.36+16.79 88.79+8.89 7.304+2.89"
X A 11 4(36.36) 7(63.64) 57.644-8.42 142.734+11.77 88.454+10.13 5.2240.25

V/F/ZA4 1.527 0.138 2.713 0.012 4.214

P{H 0.466 0.872 0.083 0.988 0.024

4151 RS [M(Qfgl,lulmol/lj [M(QRA):S;;Imol/L] [M(QRB)TJnll\]mol/L] [M(QR();r:mol/L] (fix,i/;ol/u
anti-VEGF-PDR 41 8 13.90(15.65) 20.15(11.53) 6.48(1.52) 79.5(56.25) 365.594+91.76
non-anti-VEGF-PDR 4 14 18.55(8.37) 20.50(7.48) 6.01(6.04) 87.00(71.75) 356.714+133.66
X HE 20 11 19.80(14.30) 24.60(11.90) 5.13(1.38) 59.00(23.00) 326.434+65.93

V/F/Z14 1.958 4.345 4.386 5.404 0.387

P{E 0.649 0.114 0.112 0.067 0.682

21153 15115 TC(z=+s,mmol/L) TG(x=+s,mmol/L) HDL(z+s,mmol/L) LDL(z=+s,mmol/L)
anti-VEGF-PDR 41 8 4.434+1.36 1.15+0.48 1.28+0.31 2.734+1.10
non-anti-VEGF-PDR 4 14 4.68+1.34 1.2940.68 1.30£0.27 2.91+1.18
popliskik 11 4.924+1.12 1.55+1.19 1.54+0.50 2.83+0.89

Y*/F/Z 1 0.352 0.070 1.691 0.076

P 0.706 0.966 0.202 0.927

"PIH<C0. 055 % B2 LA (LSD-245 50D 51 mmHg=0. 133 kPa
F2 SHWBERASIPIRELR

Table 2 Comparison of S1P concentration in the

vitreous specimens of patients in the three groups

(T+ts,pg/L)
e Bi%R S1P
anti-VEGF-PDR 41 8 61.0214.74"
non-anti-VEGF-PDR 41 14 59.42+18.26"
X A 21 11 34.57+23.14
Fii 6.364
PH 0.005
"PAE<C0. 05 5 XF BE4H LA (LSD-¢ 456D
1.0
0.8
0.6
i
5@ <
& -
0.4"
[ ]
0.2¢= .
' Y
1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
1-FE R

E1 I SIPRIEI PDREISET M E

Figure 1 Diagnostic value of vitreous S1P levels in PDR
Bl (PDRZ 2260, X M4 1160, e Lk
IOFE A 20K, IR M AR B M g i 2 4R
[ (Power) M 0.857, Wi 41t % K (Power>

0.8), RMEIBE N AIHE.

3 it it

DR & 88 FR e (8 # fie ™ E Y I A O R AE 2
—, WRERREEEIWHRIERFEERNZ —. &
IR yT LA L M OGO BER O, dE I ' BE
0 A0 0 LA ) S A S A, R R A
F DAy, AH 2 R K g, OF T
RES & BEBEK i, HOXE DL 58 2 B W PDR i J& o #1
VEGF 259y n] 4 250 %0 3% 8 A LI, 3k 21410 1 38 A=
LA A S BB LA 2 TR A O TR B A O PDR
A 35 B R T ARG J7 B2 406 TR SR G o X TR AT B
KT AR PDR &, A FT RS A5 13 55 5t VEGFE
25 ) AT 2 AR i XU R AR B AR I A Y
R, R T AREA, I a] el B R M Rk A R
Iep AU 30 8 AR ol %%, DT Bl SR R S L ) e
PRI F AR .

STP J2&— i 40 a8 o s A 4, 32 5 ol B
AP  (sphingosine kinase 1, SPHK) i f& ¥
SUET A, A N AR R STP AT i B s 4R
iz B 408 AN, JF LA /s /N g O T
SIPR, WAl fEoR% (5 BH/E A T At AT,
WNZH A £ S WAL iR IR B DY 1 52 A Bl By DA
T 2%, ZHMEAERS AT GRS BE RS H
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WAL R EE VL AFsE Y R, S1P AT LU it
PA T NE A L R W BURME L RE RN SR Z A
TR AR AT 2 R DR I 0 R L i, — T R
BASI B 5E s, R I 3% S1P J& T2DM % 5 6 4 57
W, BTG AR KR ERRE S
J% (diabetic nephropathy, DN) A EHF5EH, H
1E 20154, Bekpinar 55 " WF5Y B, LT S1P [
iR T2DM B #H KA DN EZER FE, DNAH
STP K- BEAR 32228 13200 5 |k 1 K R 1 3 R
g, MR AKSE (9 S1P 323 % P Bz 4 Jifd 56 %8 1 K 3¢
BT e = A AR, Gl R MG A . U
U T RERR DN R STP /K - 55l RE X IR 4
E AR SIP B vl 75 5 1A N B2 RE A i R b
R, AR M R R, I 0 TR /N R A
b B ) T 28 4 Ak o 6 W BRI O LIS 14 AH G BIF 5%
HR B, B S1P 24 gk i AT O LA B Y S1P K
-, 3 i GLUTA MR A 385 42 18 58 00 JIL 41 A 195 A
F7E BE DR 9 1 409 /0N BUARSE 780 Hp IE S92 0K W BE % R A
2 AL B W I A L A WE PR O LIS B AR T
BATH S H Y HlA 2T Y iR
Wl PRRAEAEFEBE S1P AKCFE R FH 8, FRATIN R,k
R4 0T BE 5 REAR I VR | 40 M 28 R LA K STP 7R A
Wb i s S AT G

MR, BHErS A 2 Wk R R E T SIP-
SI1PR1 % 4 i VEGF 4 5 19 9% 2 oig 25 o i) 4,
Alshaikh %5 " % B, S1PR1 BIH ol 36k 20 1M 45 A6 ik
AN B SE R 5 T SIPR2 {5 5 088 A0 9 4k 1 4%
JE R . H¥ VEGE B, Jung % 7 78 /N RUOE A
Y M AF I AH OC PR B BE A8 £ (neovascular age-
related macular degeneration, nAMD) ## 1
225 1 3K P R IR A M AT LLgE A S1P, Il
YEF T STPRI 410 il bk 28 680 26 1 8 0% A6 B, &%
B 5 ¥ VEGF JA 97 M 24 . Nakamura 45 2V fifi f
S1PR1/S1PR5 # #17 ASP4058 X nAMD #5 # £ 7
T, &I ASPA058 fig i 1 il VEGF 5 5 19 A0
Do 5% ol I 5 P B2 440 G BRI GE OB R B R, T HL
ASP4058 F IR 2 25 ] LA il i 45 =5 38 3% 1 A AR
M P IE B . #E T CIR AR SCBE G b, 22 & ATIA
S, STP J X W B pih 25 95 4 (retinal ganglion
cells, RGCO) ik B XEE MMM HART, 20
0B S1P R s i vT 3 3 RGC £ & ™0 R4,
L- 1A Bl T K 2 21 40 i S1P B Th B, b i B R 4R
itk 2 Ay . fE DR IHI EWFsE v, ik
SR B, W R R B A 4 STP B
e TR B2, AR R 2 rT DL a0 SPHK/

SIP {5 53 I F M SIPEH M FE L, 3% DR,
4k, Ensari Delioglu %5 ' X} jiti 17 11 4 B F R 1
BAE AT SIP & 5l 2, & B PDR 4 1 3% K 5 7K
SI1P 7K ~F B & w5 7 A B B A 90 9 JBE 5 28 (non-
diabetic retinopathy, NDR) #H, NPDR #H J % It
41, FEIR AR A8 B AT BB AE DR 495 #E & A= HL
g T A

AHXT T 5 7K, B B R 5 00 T ot ) o7 R
AHAR PRI 3 38 A AR i T R e Sz e L ORI 1
Joi PR AR BRAE AL, SR E AT A B AR SIP & it
PDR ¢ & M AH KGR 1B . ABFRMEE T SIPAE
PDR % HE 21 5% 55 AR W b i 3k W5 00, I A8 % IR
HANABHERR T TDRIWEHE . RFERE TDRY
PDR HA A A 50 B ALIG R R, (H &8 T
it 7 Y T A AL 0 O A L TR R g S EL AT AH R
M HF T . R TR M Bn, PDREH FPG K
3w T A4, $R/8 FPG JH 55l fiE /& PDR &%
() s B PR 2%, L oE 2 ) AS £ W] RE S PDR e 1% i2F
JEMIE ., HE—F oA, it PPV RAET&E S #%
%4 VEGF ¥4J7 (anti-VEGF-PDR 4 5 non-anti-
VEGF-PDR#41), PDR & # 35K S1P /K F- 34 &
FE TR (PAE Sy Bk 0,006 F10.003),  HiE M
eI AR STP & & (193 % AT 4 S PDR (% Bl 45
bR Z — . 1 anti-VEGF-PDR 5 non-anti-VEGF-
PDR 4 8% 3 & & S1P & & JL-F M4 (P=0.853),
¢ W 1% 5 1K s Bt VEGFE 259 7 51 % S1P 1 % 3K 52
Wi A Ko I it ROC fh 28 97 4 % 55 & S1P 2 3k it
PDR M B, 255 Won, SIPH PDR % 4
9 AUC 7 0. 798, & Wi 18 2k 44. 10, HUSEE |
FESERE e B 72.73% . 90.91%, A EAEEH
0.636, HAT—@EWMMME. JFH, N TGS R
MR @M, 3 DL EEAS R AR AR SIP K G, it
SPSSAU A #E 47 #E A Al 535 S Power TRk 55
AR 80% . «=0. 054 T, PDR 41 st i8 41
Z/DFEE 200 S 10 BIREAS, ASBIFSE 0 2 iR i
RAEA R ZR, Power{ti N 0. 857, 45iE4 Ml % .

KR FADAETE — R Bk, TN
AFRUHER Jy b, FRAAEARGR. HiK,
AW AR X BT VEGF 259 (9 Fl 25 KBt VEGF 11 5
5 PPV iR YT 0 I [a] 18] B E 47 43 )2 40 A, T 3 2 [
R YA REXS SIP RIK K- AW m ., flan,
AR BT VEGE 25 W18 5r T 450 . 456 Rtk
R RER e ) B AP AE 22 R, XS 22 R AT R E
5 VEGE {5 5 38 i, 8] 452 %F S1P i % i
KIae B m . Ak, BFE P VEGF EH 5
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W a= 45 STP 753 S ALHE bR VAR 19 R0 72 A0 25 B0 1A v 1ty 32 38 B i X

PPV AT PR AETE (7~15d) 5%, fEAE,

S o AL LD
VEGF 25 ¥ i) Fh 25 & PPV F AR 9+ Hi ik #HL

REEABUEMT T, I 4% 22

PLEE

YT 19 B S1P 76 PDR K4t VEGE &I iy 2= X,
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