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[ ABSTRACT ] Aim To investigates whether sphingosine-1-phosphate ( S1P) regulates the expression of mitochon-
drial calcium uniporter (MCU) via the sphingosine-1-phosphate receptor/proline-rich tyrosine kinase 2 (SIPR/Pyk2) sig-
naling pathway, thereby reducing oxidative stress-induced mitochondrial damage and inhibiting mitochondria-related apopto-
sis. Methods Human umbilical vein endothelial cells (HUVEC) were subjected to oxidative damage using hydrogen
peroxide (H,0,) as a model.  Different concentrations of SIP were applied to the oxidative damaged HUVEC.  Addi-
tionally, the SIPRI1 agonist SEW2871, the SIPR1 inhibitor W146, and the Pyk2 inhibitor PF-562271 were used to explore
the specific mechanism of S1P action. Results S1P treatment significantly alleviated oxidative damage in HUVEC and
was accompanied by an increase in SIPRI expression (P<0.05), while SIPR3 expression remained unchanged. =~ Mean-
while, the expression levels of Pyk2 and MCU decreased (P<0.05). SEW2871 further reduced mitochondrial damage,
whereas W146 exacerbated it (P<0.05).  Furthermore, the application of the Pyk2 inhibitor PF-562271 also reduced
H,0,-induced mitochondrial damage (P<0.05), further confirming the role of Pyk2 in this process. Conclusion
S1P reduces H,0,-induced mitochondrial damage and inhibits mitochondria-related apoptosis in HUVEC by suppressing
Pyk2 expression via SIPRI.
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B AR g A A0 G 4R 7 W B % B GIBCO A & ;CCK-
SHAMEL T REERENHAARAA,;
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WKWl B % & Sigma A& ; W146 1 F & E MedChe-
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M EE R B % B NEST A F
1.2 HUVEC E55 4038

7 37 °C 5% CO, th 2 ffs 5 #5455 3= HUVEC,
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ik A H,0, .S1P \W146 SEW2871 PF-562271 7 /i
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SIP #1 3 pmol/L W146 4 # ), # % SIP # it
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B= %k M4 A X B 4 (Control )\ H,0, 41,
H,0,+S1P 4 ¥ 41 (400 wmol/L H,0, 7 6.4 wmol/L
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48 - A 30 min, Ao # AR AR R T4 & & Marker,
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K, F 15 ~20 min, & & F T K A B4 22 20 min,
BHEERNRSEEN RSN FAEILMEE
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R A F R MENE LR RN,
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(DMSO) F , % £ % 5 mmol/L t fif % i JF # LR 77
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2 R, A ok R RO R MR R E R,
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FrA#ATR T F RN EEHIE 3 KM
SLEE LY, LI B AR Tmage J AL SFiE
it GraphPad Prism 8.0 34T 4 it 47, #AE DL x+s
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N GEAAD] H 7RG SIP B/ TE H,0, IEF 1
HUVEC Gttty &4, A 0F5E Rk A CCK-8
TRRTMAS [R) e BE S1P AP IE 5 HUVEC J& 19 20 i 7
J1, A B AR EE S1P 4bFE H,0, ¥55#Y HUVEC it
GG AR J1 . 459 & 31,0.2 ~ 12. 8 umol/L SIP
XPIEH HUVEC WA B1E] 6.4 pmol/L S1P .3
i H,0, XF HUVEC ¥ J1 i A, 4 A T
3 H,0, 45 38. 6% (P<0.01; /& 1A A 1B) ., [A]
i, { ] DHE G ROS 7K, 5% BRZHAH
Eb, A H,0, J&, a5, ROS /KF- T 6. 6
f5(P<0.01) ;MhIA SIP J& , 5 H,0, AL, 21 (05¢
ek 55, ROS 7K - FEAIK 31.3% (P<0.05; & 1C),
Western blot £ Il #8 1= 4 ¢ #£ H Bax, Bel-2 Fl
Caspase-3 15, 45 R &AM, SXF A AL, In A
H,0, J& I 172 #H 3¢ 2 11 Bax, Caspase-3 3 ik 1 fin
40. 6% 1 22.7% (P<0.01) , Bel-2 2 3% F A% 31. 6%
(P<0.05) ;1M SIP #4il T H,0, 55 # HUVEC
T, [RIEE, S5 9 WoR, 5 AL, inA H,0, 5,
SIPR1 FikFEAL 65.4% (P<0.01) ,Pyk2 Fll MCU #
IRMETN41. 2% F134. 3% (P<0.05) ;T HIA SIP J& , 4

T H,0, 2, SIPR1 FiAH M 47.9% (P<0.05) ,
Pyk2 Fl MCU 253K 6. 4% F19. 9% ( P<0.05) , Tfi
SIPR3 #£ikZF R EM(E 1D) . B SIP iz b
IRGRLAARS 7 L S AG 55 1 9 ROS 72 16 FN 441 A 17
T2, A[fiE5 SIPRI Pyk2 A1 MCU A%,
2.1.2 SIP %4 f## HUVEC & #i1k & M Fo o) 4L 545
175 55T FL 5 L8 2 7 R 174) B TR 45 ), 45 SR R
SR L, A H,0, J5 2R b ik, 1R 1 5
K, LRI I/ T SIP W T R Gk AR I8 45
(E2A) , TEZRRIARTIRE I, ARBFFE M Rhod-2 AM
FEOCIRE AL B AA Ca? K-, St BRALAH L, I
A H,0, J&, &Rtk Ca® KFETF+ i 3.96 5 (P<
0.01) ;A SIP J& , Zkifk Ca® /KF45 H,0, 20 %
ik 24. 1% (P<0.01; & 2B) , %, i H JC-1 %%
PRET LA K =X 20 A A I T 2 AR B i 437 7K ST 1)
ARk T H R A SRR B LA T JC-1 DU 2 RAKTE
KAETE, KA E RG5O, S & A i T8, JC-
1 DL AR FE TR B b, 2 it sk 0k,
XA L, A H,0, J&, 2056055, 40
PN Y R, 2R AR B L A7 K P BE AR 35.9% (P <
0.01) ;MIMA SIP J&, £ (45 e 3 i, & (0 58 6 Ik
55, GBI I L AL K T AR H,0, 21T R 26.2%
(P<0.05;2C) . WA MIAR LS R 55 a5 R —
H(E2D), % TFRMH Calcein AM ZECHREN KM
TR B LA AR e, SXTIRALAR L,
A H,0, J& , LRI | LA 38 1 5 e FL Y
TR BERE N 50. 9% (P<0.01) , T fA SIP J& , 4%
LTI B, 2R AR T8 375 1 % 5 FL T R B2 A X
H,0, 855 42. 5% (P<0.01; & 2E) ,
2.2 SIP @it SIPRI &% H,0, FS5H HUVEC &
R 545
2.2.1 SIP i@t SIPRI B4% HUVEC # ROS 7K
Fapdlmie A= SXTERAMLL, A H,0, &,
ZLAAOEH TR, ROS KT+ 3.9 8% (P<0.01) 510
JIA SIP J& ROS /K-F5 H,0, AbHA A LR T
19. 0% (P<0.01) ;5 H,0,+S1P 414, H,0,+S1P+
SEW2871 41 ROS /K -k — L FEAR T 23.5% (P<
0.01), 1 H,0,+SIP+W146 4 ROS /K V-1 T
13.7% (P<0.05; % 3A) ., Western blot A& il )i - 4H
K H Bax,Bel-2 Fl Caspase-3 (k45 R & 8K,
XA L, A H,0, J5 8 T-41 %% 1 Bax Al
Caspase-3 35 3 fill 55.4% 1 56.0% (P <0.01),
Bel-2 FIKFRAL 41. 5% (P<0.01) ;5 H,0, 411,
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A SIP J&, Bax ik F&AK 12.7% (P <0.05),
Caspase-3 FIk[EAL 16. 9% ( P<0.01) ,Bel-2 ik
H139.9% (P<0.01) ;5 H,0,+S1P 41 A L, H,0,+
SIP+SEW2871 HJH T M 1 Bax 1 Caspase-3 £
SKFEA 18. 9% F1120. 1% ( P<0.05) , Bel-2 23k 140
14.4% (P<0.01) , 1 H,0,+S1P+W146 4 Bax #ll
Caspase-3 FEik3 11 8. 8% F1 10. 2% (P<0.05) , Bel-2
FIEFEAR 9. 6% (P<0.05) , [RIEF, 5 %) BG4 AH Eb
A H,0, J&,SIPR1 FiEFEAK 39. 8% (P<0.01),
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Figure 1. Effects of SIP on HUVEC cell viability, ROS levels and apoptosis
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Figure 2. S1P alleviates H,O,-induced mitochondrial structural and functional damage in HUVEC
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Figure 4. S1P alleviates mitochondrial structural and functional damage through S1PR1
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Figure 5. S1P/S1PR1 inhibits Pyk2 to reduce H,O,-induced ROS levels and inhibit cell apoptosis in HUVEC
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