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[#E) B #1451 #ER 35 A 8551k 1 & (sphingosine 1-phosphate receptor 1, SIPR1) 15 5 i % £ = /1 42 4 #F
FFHCEEM PRI, Ak MEDREHRS % F (transverse aortic constriction, TAC) BL A A A
9% 2 RIT4 224t SIPR1 #t3h il SEW2871 A8 ki 69 * 8 75 7l DMSO, # 4: 425 30 d &I SIPRI #%
FHA s TAC RE DR Hom, kol Eh, ALEERmFA L AL SIPRI A Fid & ik (SIPRI 41) &
SIPR1 A B 5T2K (shRNA £1) 69 A5 Ak 1 B 48 i, (human umbilical vein endothelial cells, HUVECSs ) #4 & % ik #k &
A8 B3 BE 2 (NC 41) | 4 ] 2w AL 918 3 & & 308 1/2( ERK1/2) 49 & AKF  F A, 5 DK & NC 48 S1IPRI A4=
SIPR1 #8742 ERK1/2 i) U0126( SIPR1+U0126 #8) # HUVEC % fit3& 7 &% 42 0.5 wmol/L #) 28 %3k & 11
(Ang 1) 89 &) i F ¥ &40 HUVEC %8 83 7c LiF iR 251 5 HOC2 & Lm i 4k 3% 7 48 h J& M & HIC2 & MLam il X
Ay, ¥ HUVEC %8 6k 5 49 SIPR1 @i & ik sd S ILzm BLAE K 69 %o B TR LA, R 4% 30d 6, w &R
= TAC R/& SEW2871 40 £ & 4F 2 5% (59. 65% +6. 12% ) 2 DMSO #8 (41.16% +11.91% ) 2 % # % (P<0.05)
S BRI E R TAC R SEW2871 445 DMSO 413 JULH 27 4F 44 B LIS K A2 B B B 4K (P<0.05) , &8
Fpif 25 R 32 & SIPR1 # 7% ERKI1/2 12 5@ %, HOC2 = Ml fm i 4 @ A2 & £ % & 90 SIPRI 40 [ (22.52+
4.13) wm?] 4% NC £8[ (34.98+12.92) wm®] & SIPR1+U0126 £8[ (80. 60+36. 60) wm? | #9 & ML 2m e 44 & A2 B 2
& (P<0.05), %&it SIPRITURZFREEANRB AT HFFOCETEMN S CIE, RER S PULL LR LF AL B S L
mApIe R, M A A e SIPR1 A &0 MLam M AE K | T Ak R il it 3 7% BRK1/2 13 5 i@ % % A%,
(XBIA ] EARGH; | SRR AR ZIR 1A SIURK; SEEH; 2F K EmIE
[FEISHES] R4 [XHEREL] A [XEHS) 1008 - 0392(2018)06 - 0046 — 08

Effect of SIPR1 on pressure overload-induced cardiac remodeling in mice
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[ Abstract] Objective To investigate the protective effect and possible mechanism of sphingosine
1 -phosphate receptor 1 ( SIPR1) on ventricular remodeling induced by stress overload in mice.

Methods The transverse aortic constriction (TAC) model was established in female C57BL/6 mice.
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The TAC mice were given intraperitoneal injection of SIPR1 agonist SEW2871 5 mg/ (kg - d) (TAC+
SEW group, n=5) or Dulbecco’s modified eagle medium( DMEM ) (TAC+DMSO group, n=5) ; and
the mice in sham operation group were given intraperitoneal injection of DMEM ( sham group, n=35).
After 30 d of administration, the heart function of mice in each group was examined by cardiac
ultrasonography. The cardiac H9C2 cells were stimulated with angiotensin II ( Ang II,0.5 pmol/L)
to induce hypertrophy. The SI1PR1 gene overexpressing human umbilical vein endothelial cells
(HUVECs) (S1PR1 group) and S1PR1 gene silencing HUVECs ( shRNA group) were established
by corresponding plasmid transfection, and the untransfected HUVESc served as NC group. The
protein expression level of extracellular regulated protein kinase 1/2( ERK1/2) in HUVEC cells was
detected by Western blot. The culture supernatant of HUVEC cells was collected and co-cultured with
HO9C2 cells under the stimulation of Ang II for 48 h. The cells were divided into four groups: the
culture supernatant of NC group without Ang II stimulation (CTL ), the culture supernatant of NC
group with Ang II stimulation ( Ang II+NC) , the culture supernatant of SIPR1 group with Ang II
stimulation ( Ang II+S1PR1) and the culture supernatant of SIPR1 group with Ang II stimulation
group pretreated with ERK1/2 antagonist U0126 ( Ang 11+ SI1PR1+U0126). After 48 h of drug
After 30 d of drug
treatment, the echocardiography results showed that the left ventricular ejection fraction in SEW2871
group(59. 65%+6. 12% ) was significantly higher than that in DMSO group (41. 16%+11.91%) ( P<
0. 05). Immunohistochemistry results showed that the degree of myocardial fibrosis in SEW2871 group

treatment, the size of cardiomyocytes was measured by Imagel software. Results

was lower than that in DMSO group ( P<0. 05). The results of Western blot showed that the levels of p-
ERK1/2 in the SIPR1 group was significantly higher than that in NC group and shRNA group (7=
3.598, 3.200, P<0.05). The area of H9C2 cells in SIPRI group [ (22.52+4.13) wm’] was
significantly reduced compared with NC group [ (34.98+12.92) wm’] and SIPR1+U0126 group
[ (80.60+36.60) wm’] ( P<0.05). Conclusion

cardiac function, ameliorate ventricular remodeling and reduce myocardial fibrosis and hypertrophy

The S1PRI activation can remarkably improve

induced by pressure overload. The expression of S1PR1 in vascular endothelial cells can modify the
hypertrophy of cardiac myocytes, which may be accomplished by activating the ERK 1/2 signaling
pathway.

[Key words] pressure overload; sphingosine 1-phosphate receptor 1; myocardial hypertrophy;

cardiac remodeling; vascular endothelial cells
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1 #MREFZE

1.1 %=z

8~ 10 J& ¥ C57BL/6 Mk /N B, 14 T & 20 ~
25 ¢, T g e s L s A BR A A, iR 3R T
[ % A2 I 2 T s o o g SR sl F 9 S I e i
RS Fs . ZIIAS B R F IR AR BB e
PR ot IF B sh i 37 A B85 7 46 8
1 26 [ E WP 5EZE 5143 1996 R SEI6 sh Wy B
FFEH) RORLAE .
1.2 FEEmpel X5

HOC2 .0 L4 i 22 (293 4 il | A5 &0 ik 1y f2
Yl (HUVEC) ¥4 3K T 35 EE 3 A ISR s
SEW2871 I Bk Z 11 (Ang 1) & 5 HZ B8
FIE 3K F 32 [ Sigma 28 7 3 B PR BRIC Y 28 PR K
SEF g 25N A BER 4R 2% vP R (PBS) (FE IR
K Eagle 774 (DMEM) 4% 2 5 H B8 7% W H
& [# Gibco /A 7 ; ERK1/2 —$i & p-ERK1/2 —¥1
WAL F CST A H],
1.3 %=Xk
1.3.1 NRESHHRTHEERAET EH8~10
il C57BL/6 MEPE/INE, IR BT i 20 ~25 ¢, ffiFHIE
JEE T AT 19 )36 2 LU 22 SN RR I Je R A, TR BE SR T
W, FZEME Bes, FES 2 B E KT, F 4-0 482k
1 FETE I, I JC 14 0 s o 5 i g 2 % 32 30 ik
5, JH5-0 LA A sa sk 5 0.3 em &b,
26-27G HFLEFK (B2 0. 4~0. 6 mm) #FL (AT 3 A
0% ZEAT B ) % Bk B AR FLAR EAT 454, 45 3L
S5 il AR LA, FRBR 4-0 484k, 5-0 284k 25 5 1
1, 1 mL 59 8 e o s N SUIA  4-0 28 448
Kk, FARUIOAHSERIRE R,
1.3.2 4# 7 RXE A48 LR/DREDMKFEER
(TAC) J5 24 h FFERIE s i3 Bt 45 24, 05 49 K ] g st
) B s i B 24 2, 25 W B BC B, 1542 30 A, AR TG
S H PR E RS 24 h A7IE /N B4 AR
20 (Sham 4 ,n=5) .SEW2871 41 (n=5) Fl DMSO 4
(n=5), TR (Sham) /NRIFHI G 22855, K17

. 48 -

TAC AR, % F 50 L DMSO il 200 L. PBS % | 15
JEETE 51 45 25 SEW2871 40 TAC RJG 45T 50 pL
SEW2871(2 mg/mL) i fA# I 200 wL PBS WK, i
TET242%5 B 5 mg/ (kg - d)';DMSO 404 TAC KJ5
%y 50 uL DMSO fill 200 pL PBS & ¥, & I v 5t
ey,

1.3.3 QMR ERNEO I 2525 30d
J&i K Sham 41, SEW2871 41 F1 DMSO 41/ FU A
A S RUGE YRR B 5 PR, (/N sh e e
ASCI /N BUAE B CAR A I 9 4% (left ventricular end-
systolic dimension, LVESD) | & & &7 7§ K ¥ N 12
(left ventricular end-diastolic diameter, LVEDD) . /A
%2 5 4 45 %5 %% (left ventricular fractional shortening,
LVES) | A % ) Ifil 4> %¢ ( left ventricular ejection
fractions, LVEF) K Z& = &F 5K K ] 25 B ( left
ventricular end diastolic volume, LVEDV ) Fl /= & Ik
45 A 1] 25 1 (left ventricular end systolic volume,
LVESV) , Pt/ NG I RE ARk

1.3.4 489 F %t TAC BERIE ST 4524 30 d
Jei B /N B ol P ek e N U 2 B T AR R S 12 55 R
AL FE /N B B, T PBS 5 W kO I, I 7K
Ab BRSO R R B WT U0 B, 74T Masson (A F1 K
RARLT (sirius red) Yo 8, ST T 43 W05 45 41/
O WL BT AEAL R BE I T 4R IR

1.3.5 L4 A & iRk % K (wheat germ agglutinin,
WGA) 3k e TAC BRI 4525 30 d J5

I3RS /N B LA BT ok R D0 R AR A . B oK
WY A5 PBS 129 5 min ;4% £ 3 H SR (PFA )
JE 15 min; PBS ¥k 3 UK, BFIK 3 min; i1 &4 1%BSA
i) PBST 30~50 pL/ A4, % ili £ 1] 30 min; PBS ¥ 3
R, BFIR 3 min; WGA (PLIRIRES mg/mL) HLikiz &
10 min, Z5 i ; PBS E19% 3 ¥k, B:UK 5 min; AMFEA
JA'5 pg/mL DAPI(#i B4 1. 100) , 55 5 min;
PBS %% 3 Y, AR 5 min; PLiE KB R FIE 56
B OERIT G T WIUP 38 AR, TEA /D BRUCs
JUE s LA FRLAE R AR B

1.3.6 185 &% & 4t # 51 SIPR1 # B F B %k ik 8y
HUVEC 41 i vy % 2 B B mdc®E (1) SIPR1
FERRTRIFE A 1 HUVEC i % 5E . i3 S1PR1
JEPA 3k 3k Bk (S1PR1) | SIPR1 & [R5 2R o kit
(shRNA ) K AH R % FRZH R (NC) 433144 4% 293T 4
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JH SRR, B R, K0 Sl WSO B %) T Rt D
Je FAT B 3% e HUVEC 41, T 20 i 555 % 46 v %
F%,12 h S5 R I R AR AR S5 5 36 h, 4]
WCAE AN iR E RNA 38 i3 RT-PCR #:1 HUVEC 41 ity
SI1PRI % A By ¢ ik, SIPR1 7| #). IF A J% 51 5'-
CAGGATGAGGGAGATGAC-3', J% [l 5] 4 > %1 5'-
AGGGAGTATGTTTGTGGC-3',,

(2) HUVEC 4i a3 5% i Wl dE . it 129
B YL A 37 SIPR1 3 [H i 32 35 (SIPRI 41) 1f
S1PR1 KT 2R ( shRNA 4H) ) HUVEC 4H i 2 i&
FEIEAR KR IRZH (NC 4]) i) HUVEC 418 T 5%CO,
B 37 CHiFRFRTF 24 h J5 4 0. 5%FBS+1%P/
S /) DMEM % & 3| [A] i i A ERK1/2 #1171
UO0126( 10 pwm) J Ak4L T 1 3546 TP 15 5% 48 h J5 20 )
ARG SR LB W, HR R 75 A S A B2 ) AN [
B 3% FIEW N NC 41 S1PR1 41 . shRNA £
A1 SIPR1+U0126 4, /3 5l 46 J5 FH B4 0. 22 pum (1)
i CEOR Y=Y U
1.3.7 H9C2 & Al e KA # L 75l H
0.1.0.5 wmol/L Y Ang II | HOC2 41 ity T 37
C,5% CO, KiFFa 15 3% 48 h 5112 FFIbric B
SERR YL (S, I Tmage T B0 I0 H00 L2 i 2% 1hi
IR 20 4R B RNA 3l 3 RT-PCR A6 A
KERPZRIL, SIPFHNIT , B H i b
(GAPDH) , iE [i]: 5-AGTCCTTCCACGATACCA-
3 XM ; 5'-AGGGAGTATGTTTGTGGC-3' ;0> 53l
JRIK(ANF) | iF [ ; 5'-TCCA-ATCCTGTCAATCCTAC-
3', ) Iii]; 5'-CTCCTTCTC-CATCACCAAG-3'; ik 44 Jik
(BNP), iE[f]; 5'-TTGAACTATGTGCCATCTTG-3', L
[i]. 5-CAGTCTCC-AGAACAATCCA-3'; L3k & 11
& 4 (Myh7), IE . 5'-GATGAGGCTGGTG-
TTCTG-3', X [il: 5-GAAGGACGAGGAGATG-
GA-3',
1.3.8 Western EJ 7 3% £ ] p-ERK1/2 #1 t-ERK1/2
% &7 HUVEC 4 j # 89 %k 3k A F  # HUVEC
MG BT 37 °C 5% CO, Bi3efhhegs, 4 2
KA TC I 3SR T YLK 24 h, DU 48 h
JE 7100 nmol/L S1PR1 Az #A {44 S1P Al 3% 41 ity
5 min, W R FREL, DLTUA A9 PBS PRk 2 R AR 2:
AR FIET UK b A 100 L 246, FH I Re s
DU RE 1) 4 BEL R T, WACAR A M 3 Y 1.5 mL B0

B ,4°C,12 000 t/min, B0 15 min, W H 3 #)
T#17, Bi45 40 HUVEC 417 S1P il 3 )5 24 fift 42
BUE e, B4 L)L 30 wg ERE, JEFT 58 79 445 ik
JHe BEIE HL VK, T G R IS — Pt Pt B A )5 BRAH
Jf: /] Image J 7+ #7 p-ERK1/2  t-ERK1/2 7 [ A %F
%Kik,
1.3.9 HOC2 & iL4 e & &R 4 € 4 1.3.6 Tk,
4 NC 2H  SIPR1 41 shRNA #H f1 SIPR1+U0126
ZH 1% HUVEC 4% 5% LW, B HOC2 4l 5 iR
HUVEC LiEWAEE 7%, 3457 Ang 11(0. 5 pmol/L)
HI, T 37 °C 5% CO, FEFAP £ 48 h, 48 h )5
6 fLA HOC2 4 25 15 5 ik J5 FH PBS IV 3
W, AR 3 min ;4%PFA % % 12 [ % 20 min; PBS £
Ve 3 YK, AR 3 min; F 1%BSA £ EHA] 30 min;
PBS % 3 Y%, £ YK 3 min; JH 0. 1% Triton 25 &A% I
5 min, /| PBS %0k 3 I, 44K 5 min; & FH AR IC R
ZEI K (100 nmol/L) Z= R B Y% 40 min; [ PBS i3
PE3 W, BIR 5 ming BAFEARNTA 5 pg/mL DAPI
100 mL, 5 5 min; PBS ¥k 5 Hi 1 K & H 7 5
PO U N UL A i R /IR 4R R, Image T 5K
511 HOC2 4t & miF
1.4 %tz

BT A BUE % ] SPSS19. 0 48 -4 440, 4b 38
B DL xxs FRow , W ALECE I ST o BT L BCR F
SEREAS ¢ K6 I A 2L %) K500 DU 2L ) B AR FH
HET ZM Ik, P<0.05 N2 %A% 1%

2 &5 B

2.1 DR ESMRS GERAD M E

I AT SIS R AT R S TN Bk S 4
R NRAETE R 85% . 1E/NRE Sk S 45 7%
BRI TE R TF AR R, E kS #8525 FL 5 1 s
A BRI A5 AN R AR RS RS 22 | 05 Bl i i
b BEIE B ETRE . RS 24 h AR/ 30 d A
FE R 100%
2.2 WALERRF SIPRI BEERZHENR GG
27 N/ i

SR/ INSh g e 0 2l BRI 4 2H /N 23 24 30 d
Ja B DR , 45 R . TAC RJ5 SEW2871 41}
DMSO 4% Sham 21 75 2 % 5 1l 73558 ( EF % ) J¢ J

.49 .



[RI Rl (2R

%39 %

4% R (FS%) w3 K& AL (F =2.777.10.510, P <
0.05;F=1.572.4.437,P<0.05) , $2/8 TAC &4
), [FEy,SEW2871 4% DMSO 41 EF & FS B I
JhEr (r=3.087.3.144, P <0.05), SEW2871 4

LVEDD F1 LVESD % DMSO #H W] & 45 /N (¢ =
2.454 3.361,P<0.05), SEW2871 # /)l LVESV
1 LVEDV #; DMSO 4B & id /> (1=3. 178 2. 447,
P<0.05) , L& 1,

x1 B30 REOHEEEOINRERNILE R

Tab.1 Results of echocardiographic cxamination (x%s)
4151 n EF(%) FS(%) LVEDD/mm LVESD/mm LVEDV/uL LVESV/pL
Sham #H 5 75.23+3. 67 43.47+3. 19 3.84+0.09 2.17+0. 11 63.65+3.62 15.93+2.05
TAC+DMSO %4 5 41.16+11.91 20.23+6.72 4.30+0. 16 3.44+0.20 84.00+16. 85 49.78+15. 56
TAC+SEW 4 5 59.65+6. 12 31.23+4.00 3.76+0. 33 2.59+0.33 61.11+12.34 25.03+7. 81
1 3.087 3.144 2.454 3.361 2.447 3.178
P1A <0. 05 <0. 05 <0. 05 <0.05 <0. 05 <0. 05
2.3 BRWMONELE IR e LR P<0.05
———
P<0.05 P<0.05

Sham 2H Jo B 1.0 AILAH 2L 4F 4 fk, TAC R )5
SEW2871 2} DMSO 41 431l i Bl — 22 #2510 WL
AU A 4 qk, Hirp SEW2871 2H % DMSO 4.0 IL4H
LU AR T W2 DA (P<0.05) , LT 1~3,

TAC+SEW

TAC+DMSO

Masson's

et

Sirius Red
ety

2 mm

B1 &H/NROEHELYIF Masson 2 f0
KRBOALBER
Fig.1 Masson’s and Sirius red staining of hearts
in each group
SEW2871 £ 71 DMSO #H % Sham £H .0 JULZH 2 2T 4k Ak, 1 A1 0 2
Hahm, SEW2871 4.0 WL ST 2 Ak if B4 DMSO £ 1 3 Ui />

P<0.05
P<‘0.05

[
(=]
1

P<0.05

—_
W
T

wn
T

Sham TAC+DMSO TAC+SEW

B2 (ORFEZHZ Masson fafE R
Fig.2 Masson’s staining of cardiac tissue
LR S 27 4 Ak T FR b 45 7R SEW2871 2 i /b
TAC RJ5 0L 4Edl

UL AT (%)
S

.50 -

DUHRLT AT (%)

Sham TAC+DMSO TAC+SEW
3 DEAARIRBOALBER
Fig.3 Sirius red staining of cardiac tissue
WL B AT 2 AT B b 5 SR 4 /R SEW2871 & 3 s D
TAC ARJ5 1.0 LA Ak
2.4 WSHLLELR WGA A% f &

TAC AR J5 SEW2871 21 2 DMSO £ #; Sham 41
LU R AR TR AR K (1= 8. 327 9. 518, P<0.01) , 32
NI TAC A J5 DMSO 4 %; SEW2871 #4H.0>
JULAF e A T AR 3 186 K (1= 6. 728, P<0.01) , #& /%
SEW2871 A] L& Z il TAC A J& 1.0 WLAE K, UL
&l 4,

50 pam Y I
Sham TAC+DMSO TAC+SEW
E4 SHNRONMARTIEIT WGA E

Fig.4 WGA staining of cardiac tissue

TAC AR J5 ,SEW2871 4% DMSO £H . JULHF i % i A9
F /N (P<0.01)
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2.5 BymAERFE SIPRI A FH RE &k
) A

S1PRI j32¢ik4H HUVEC 4l SIPR1 JE R AHXS
PRk IKEH I 5 T NC 4 f shRNA 4H (+=46. 880,
47.470 P<0.001) ,shRNA #{ HUVEC 4f i SIPR1
FEPURA A R k7K 7 KT NC 41 (1=20.97,P<
0.001) , #7518 95 7 B YL g 57 SIPR1 J& [K i F ik
(SIPR1 #H) #¢ SIPR1 X 7T %k ( shRNA 4H) 1
HUVEC 4 il £ 2% 35tk SAH W X B2 (NC 41)
I
2.6 Western FF it ;x4 M) 4
#E ERK1/2 13 5 i@ %

SIPR1 #1 HUVEC #f ffi SI1PR1 ¥ 1% J5 p-

ERK1/2 £ B IA K4 NC 41 K shRNA 4 3%
L (P<0.05) , shRNA 4 HUVEC 41 ity SIPRI1 i
15 p-ERK1/2 3 PR IA K T3 NC 20 W] 8 B AIK
(P<0.05),#/~ S1P i@ S1PR1 #i% ERK1/2 {5
S, LA S,
2.7 S E R K g RE kK
HOC2 & MLt il K

CTL 4H.C> L4 At 11 B4 (27. 008, 11) pm?®,
Ang TT+NC 4 # (34.98 +12.92) pm’, Ang II +
SIPRI 41 A (22.52+4.13) wm’, Ang II + SIPRI +
U0126 2H°H(80. 60+36. 60) wm’, Ang II+NC 40>l
YA AR CTL 4B 14 m (£=5.203,P<0.05),
FER RSP0 LB KB A 37 ) D), Ang 1T+S1PR1

#) HUVEC

£ R %~ S1P i@ it S1PRI

% SIPRI % 7% 6 & &

Ang [T+NC

ZH#¢ Ang II+NC 2H HOC2 > UL 40 Jifd ir FH . 25 sk /]
(t=11.030,P<0.01) ,$&/~ SIPR1 7] L 43% Ang
135S F BB K, T Ang II+S1PR1+U0126 4
O JULAH M 1 AR %8¢ Ang TT +S1PR1 ZH 38 KA B (¢=
19. 780 .P<0.01) , ¥ SIPRI 7] G818 i ¥ 15 ERK
i ORI Ang THIE S A0 NUIE, WLIE 6,
S1PHili%
NC NC SI1PRI shRNA
p-ERK1/2 e - -

(-ERK1/2 e a— o e

GAPDH st oS aun a5

1

‘ 20- * *
Ra?

= =

Ext

g

Qg

B

o %

4 3

o

NC NC SIPRI shRNA
S1PHilL

5 %4 HUVEC 400 p-ERK1/2 BB HXRIEKTF
Western E[J 546 ) 45 R

Fig.5 Western blotting analysis of p-ERK1/2 protein
expression in HUVECs

S1PR1 £1 HUVEC 4iiffl SIPR1 #4755, p-ERK1/2 2 1 1Rk 7K

S NC 2H B shRNA 4 5 241, “P<0. 05, *"P<0. 01, **P<0. 001

Ang 11+ S1PR1 Ang I1+ SIPR1+ U0126

Be6 HIC2 LALMAEREFAMBETRELBLER (FRR: 50 pm)
Fig.6 The cytoskeleton staining of ghost pencil cyclic peptide in H9C2 cardiomyocytes ( Scale bar, 50 pm)
Ang TI+S1PR1 Z41#% Ang TI+NC 41 HOC2 .U JJL4H Ml i A 25950/, Ang TI+S1PR1+U0126 210 LM i FR4S Ang TI+S1PR1 234K H i ( P<0. 05)

SIP 4345 T4 M N A1, 4 3525 — 5 1) vk B -y,
S1P i 55 HAH R 1Y 52 14 S1PR1 ~ S1PRS 43 57 1 4%
B RAFAR R A AR000 . Bl PN R A ok
R R ERFIAR SIPRIYY  FEEF T AIIRA,

KI5 455 SIPR1P! . SIPRI Z k%%
AT Gi, /[#7% ERK1/2 Rac %5 F {5 S i, #m
YRR T RE ) AR A ST RS BE T, IR AN B 4 A
FETE MO B 2R e A RS, I R A BG4
LN A5 25 TR Bl , Bk VT B 20 i 2R B
PN 2L, 78 22 Tl i 1) & A e rh Bl A A SR LY
.51



[RI Rl (2R

%39 %

PERRDOS o Y R 4R SR A B STPR1 A fE
LA PRBENE T YRR N B A A T AR IE
M5 P B2 R Ge 4 R e 4 510020 H i, T R
S1PR1 {5 570 L4872 48 A BRI B Ao 7 vl B 2
YEAT,fH2 SIPR1 7E s J) i far ik 28 07 B0 = H A h
IVE R FIHLEE A R it — 20 BB, ABFSE R, 78
TAC /NI R 25T S1PR1 J4zh7) SEW2871 2454
YEFR , v B AR O LA AT AL AR T | kst 0oL
SRR K, B2 &0 D RE X 5 HGE TR R Y SIPRI FE
SO IV T R A AR AR — 35

P54 3 , Raf/MEK/ MAPK PI3K/Akt Fil JAK/
STAT {5 5 38 ¢ 75 0 LB R 2 4 o B4 1T
/N TAC E:#i  MAPK 3 1%, ERK . SAPK/JNK
P A1 p38 MAPK 7E AR J5 /Iy BRC lIE 20 23 b i3
ERK1/2 7£ P fz ZFE R EE S0 LI K ke
RIEE B REEMAEN , 04 H E 5 1 (CARP) i#
| ERK1/2 1 TGF-B {5518 % K 85 O JJUIE
KPP ERK1/2 55 A8 S O WESI i 5 38 Ry 0 L
TR 0005 & 3 AR B 1 A A5 k] BRK1/2
AT O A T B IIRYT A —
SERFER AR O A0 3 M A 3 R P R
BB O, ST I N 4R A 1Y
S1PR1 58 & B, SIPR1 ik 2 (14 1ML 45 P Kz 40 it
] G 1 e AT, BRBE DI RE B IR, Il 45 8 A S
FLTEl T LN B 4N A Y SIPRL 7RO E E
i R HEE — AEA . B TR N BHLIBT ERK1/2
{5738 FE 5 52 R 2 4%, SR AT 1R ) ERK1/2 3
BRI E , TR SMIN A ERK1/2 15 53 5 BHL 7 7]
U0126, 3t — 2 BB ERK1/2 75 IML55 P B 40 i 5 35
(%) SIPR1 TSy He 7 8 £ far 5 5 190 35 A Hh 1Y)
YEH . ASWFFE RSN I 52 56 7, STPR1 36 [ i 3%
iK1 HUVEC 41ia7E S1P I3 MR b ERK1/2 3%
RT3 TR, HOC2 i 5 S1PR1 3 (R 3 ik
() HUVEC 4 a7 S 2L 4% 5% vh HOC2 4t i 1] AR 4%
X AR L HH s/, 8 A ERK1/2 {553 ¢ BH 7 771
U0126 J5,HOC2 4 if 1f F#¢ S1IPR1 FE A i 3Rk 41
TR, B IS ) B g 268 1Y SIPR1 BEMCE
OISR, BHWT ERK1/2 {5538 # 5 O UIE K s
BRI 0 P K A L 2 35 1) STPR1 AT R iE 2o
ERK1/2 {5538 f ok L ONECR B 1E

L LTk, S1P R tE45 & SIPR1 J5 AT LA

.52 .

ERK1/2 15 53 1%, T & 45 503t 0 = FH A $2 50
RERIEITER . ABF5E 5 Ohkura %5 AU 5T 45
B H IAE SIP/S1PRI (5 S 7R 00O 3 Bl
R AR FH ML A9 285 S48 1L P B 4
IR SIPRY B T 760 28 344 Hh 42 a0 1t 5 7 2R
Hh A BEESEOE ERK /2 135530 J& 5K 3t 7 8
T T 10O WL S 4 Ab O MUK, A e I e
IR | 32 20 OB A5 1R 3R T SR 18 R 97 i
XA P9 R 4B 22 35 B9 S1PR1 7% ERK1/2 {5
I R FE 78 B AT T 0 2 AR A R B L
KRGS A R — P R5E

[ &% k)

[ 1] Befhfl, e 2e, X0 00 A, & b B0 o 48 99 475
2017)MEZE[ T ] P B ERZ% A ,2018,33(1) : 1-8.

[ 2] SENNI M, PAULUS W J, GAVAZZI A, et al. New
strategies for heart failure with preserved ejection frac-
tion: the importance of targeted therapies for heart fail-
ure phenotypes[ J]. Eur Heart J, 2014,35(40) ; 2797 —
2815.

[ 3] SUN J, ZHANG K, XIONG W J, et al. Clinical
effects of a standardized Chinese herbal remedy, Qili
Qiangxin, as an adjuvant treatment in heart failure.
systematic review and meta-analysis [ J]. BMC Com-
plement Altern Med, 2016,16. 201.

[ 4] SHRR, MR S 55 5800 07 20 X5 O LR ST J5
O SRR/ B T RERY SR [ ) ][R B 224l (=
2£0R) ,2017,38(6) : 6—11.

[ 5] ALEWINSE A E, PETERS S L, MICHEL M C. Car-
diovascular effects of sphingosine-1-phosphate and oth-
er sphingomyelin metabolites [ J ].
2004,143(6) : 666 —684.

[ 6] CANNAVO A, RENGO G, LICCARDO D, et al. B1-

Br J Pharmacol,

adrenergic receptor and sphingosine-1-phosphate recep-
tor 1 ( SIPR1) reciprocal downregulation influences
cardiac hypertrophic response and progression to heart
failure: protective role of S1PR1 cardiac gene therapy
[J]. Circulation, 2013,128(15) : 1612 — 1622.

[ 7] HE P, PHILBRICK M J, AN X, et al. Endothelial dif-
ferentiation gene-1, a new downstream gene is involved
in RTEF-1 induced angiogenesis in endothelial cells
[J]. PLoS One, 2014,9(2) : e88143.

[ 8] JOSIPOVIC I, PFLUGER B, FORK C, et al. Long



5 6 34 HofF

S I-BRIRAE AR 1 R Sl B o 7T ) 2 EE A T B4 P AL

(9]

[10]

[11]

[12]

[14]

[15]

[16]

noncoding RNA LISPR1 is required for S1P signaling
and endothelial cell function[J]. J Mol Cell Cardiol,
2018,116; 57 - 68.

JUNG B, OBINATA H, GALVANI S, et al. Flow-regu-
lated endothelial S1P receptor-1 signaling sustains vascular
development[ J]. Dev Cell, 2012,23(3) : 600 - 610.
KEUL P, VAN BORREN M M, GHANEM A, et al.
Sphingosine-1-Phosphate Receptor 1 Regulates Cardiac
Function by Modulating Ca®* Sensitivity and Na'/H"
Exchange and Mediates Protection by Ischemic Precon-
ditioning[ J]. J Am Heart Assoc, 2016,5 (5). pii:
ew3393.

OHKURA S I, USUI S, TAKASHIMA S I, et al.
Augmented sphingosine 1 phosphate receptor-1 signa-
ling in cardiac fibroblasts induces cardiac hypertrophy
and fibrosis through angiotensin II and interleukin-6
[J]. PLoS One, 2017,12(8) . e0182329.

LR AR, P, A — R R I A — R IR A
P51 52 A 530 S DR SIS A JIL 00 L ke 1 /5 3 7
A B R[] e i A i A 35, 2016, 44
(5): 431 -435.

ZHANG F, XIA Y, YAN W, et al. Sphingosine 1-
phosphate signaling contributes to cardiac inflamma-
tion, dysfunction, and remodeling following myocardi-
Am J Physiol Heart Circ Physiol,
2016,310(2) . H250 - 261.

PIPPIN J W, QU Q, MEIJER L, et al. Direct in vivo

al infarction [ J].

inhibition of the nuclear cell cycle cascade in experi-
mental mesangial proliferative glomerulonephritis with
Roscovitine, a novel cyclin-dependent kinase antagonist
[J]. J Clin Invest, 1997,100(10) ; 2512 —2520.
ISHII M, EGEN J G, KLAUSCHEN F, et al. Sphin-
gosine-1-phosphate mobilizes osteoclast precursors and
regulates bone homeostasis [ J |]. Nature, 2009, 458
(7237) . 524 —528.

HLA T. Physiological and pathological actions of
sphingosine 1-phosphate [ J ]. Semin Cell Dev Biol,
2004,15(5) : 513 —520.

HOU J, KANG Y J. Regression of pathological cardiac

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

hypertrophy ; signaling pathways and therapeutic targets
[J]. Pharmacol Ther, 2012,135(3) . 337 — 354.
PYNE N J, MCNAUGHTON M, BOOMKAMP S, et
al. Role of sphingosine 1-phosphate receptors, sphingo-
sine kinases and sphingosine in cancer and inflamma-
tion[ J]. Adv Biol Regul, 2016,60; 151 —159.
CHAVEZ A, SCHMIDT T T, YAZBECK P, et al.
S1PR1 Tyr143 phosphorylation downregulates endothe-
lial cell surface S1PR1 expression and responsiveness
[J]. J Cell Sci, 2015,128(5) ; 878 —887.

HERCIK C, COSMAS L, MOGENI O D, et al. A di-
agnostic and epidemiologic investigation of acute febrile
illness ( AFI) in Kilombero, Tanzania[ J]. PLoS One,
2017,12(12) : e0189712.

LIU Y, WADA R, YAMASHITA T, et al. Edg-1, the
G protein-coupled receptor for sphingosine-1-phos-
phate, is essential for vascular maturation[J]. J Clin
Invest, 2000,106(8) : 951 —961.

KIMURA T, WATANABE T, SATO K, et al. Sphin-
gosine 1-phosphate stimulates proliferation and migra-
tion of human endothelial cells possibly through the lip-
id receptors, Edg-1 and Edg-3[J]. Biochem J, 2000,
348 Pt 1; 71 —76.

ROHINI A, AGRAWAL N, KOYANI C N, et al.
Molecular targets and regulators of cardiac hypertrophy
[J]. Pharmacol Res, 2010,61(4) : 269 - 280.

SONG Y, XU J, LI'Y, et al. Cardiac ankyrin repeat
protein attenuates cardiac hypertrophy by inhibition of
ERK1/2 and TGF-B signaling pathways [ J]. PLoS
One, 2012,7(12) : e50436.

LI C, CHEN Z, YANG H, et al. Selumetinib, an Oral
Anti-Neoplastic Drug, May Attenuate Cardiac Hyper-
trophy via Targeting the ERK Pathway[ J]. PLoS One,
2016,11(7) : e0159079.

IGARASHI J, ERWIN P A, DANTAS A P, et al.
VEGEF induces S1P1 receptors in endothelial cells: Im-
plications for cross-talk between sphingolipid and
growth factor receptors[ J]. Proc Natl Acad Sci USA,
2003,100( 19) : 10664 — 10669.

- 53 .





