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ABSTRACT Objective: To investigate the molecular mechanisms underlying the protective effects of simvastatin (SIM) on
rapamycin (RAPA)-treated cardiac microvascular endothelial cells (CMECs). Methods: CMECs isolating from rats left ventricle were
cultured and identified with microscopy and Dil-ac-LDL intake assay. CMECs were then treated with rapamycin (100 nM) for 24 hours.
CMECs treated with 100 nM rapamycin were added with different concentrations of simvastatin (0, 102 107, 10° 10" uM) respectively
and then cultured for 24 h. Then cell proliferation and migration were detected by MTT, WST-8 and transwell assays. The apoptosis was
determined by Hoechst 33258 staining and Caspase-3 activity assay. Western blotting was performed to assess the phosphorylation of
Akt/p70S6K. Nitric oxide (NO) secretion was assessed by Griess reaction. The expression of eNOS (endothelial nitric oxide synthase)
mRNA was determined by Real-Time Reverse Transcriptase PCR. Results: O By observing the morphology and Dil-ac-LDL intake
assay indicated that CMECs have cultured successfully. @ Low concentrations of simvastatin (100 wM) significantly improved the
viability, migration and apoptosis on CMECs after pretreated with rapamycin. @) The addition of simvastatin in CMECs resulted in rapid
phosphorylation of Akt, p70 S6 kinase (p70 S6K) (P<0.05 or P<0.01). @ After pretreatment with simvastatin, the expression of NO and
eNOS increased (P<0.05 or P<0.01), which depends the activation of PI3K/Akt/ p70 S6K pathway. Conclusion: Certain concentrations of
simvastatin could improve the viability, migration and apoptosis on CMECs after pretreated with rapamycin. These protective effects may
achieve through the activation PI3K/Akt/mTOR/p70S6K signaling pathway.
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9% IR AS R 53 3 5 fh 7T 25 25 9 Fl RAPA JL[R)/E AT )
CMECs N 785t 4, #R9 S A4 M 7T (Simvastatin, SIM) % RA-
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1.1 SKEEzh¥Fnik 7

SEHR FHMERE SD KB, PR TE 95-110g (5 PUZE B K24 5050
) R (3R Sigma 2AR] ) ; IR K (W 8RB
25\ BR 2 7)) ;s DMEM K5 3% (32 [F Hyclone 23 &) )5 i 4= IliL
%5 (2 [# Hyclone 43 ) ) ; Dil-ac-LDL( 2& [# Molecular Probe 7y
A ) ZaE ORI (DAB ) (32 H Lab Vision 24 7] ) ; WST-8 35
& (BRREYFEARBIGH ) ;millicell /N2 (Millipore 247 ) 5
Hoechst (32 [ Sigma /A 7] ); Caspase i Mkl AM & (GEH
Chemicon 2\ #); #i/A : Akt, phosphor-Akt (Ser73), p70S 6K,
phospho-p70S 6K (Thr389)( 34k § 3% ¥ Cell Signaling Technol-
ogy); Y7 4% (Lucigenin, 3¢ [/ Sigma 2\ #] )DHE 44 &4 7] &
GBEALD B TR0 E, B REVHEARFRI);
LY294002 (= 5 3L R A BRA 71);NO K50 £ (7S
T REY TR R BT (A T A TR AR
NGIDE
1.2 EWHEMSE
121 DI EARE MRS BEFSEE B 100 g 42
AR HENE SD KER, 0.3 %o B0 bb Z- A s 5 PR, TC A 2%
PR B 03, AINAE PBS FIFZE RS IL, w25 1k | 4
HET 75 % Wk5 123 15 s, PBS k)5 , 16250 AN, 5%
OILEHZ A 0.2 %11 B GRS, 37°C /K HHEAL 6 min, LA SE
A 0.25 % JBERE,37 C K IE AL 5 min, FIAEES 10 %
/N LY Y DMEM 35353 TR A, 850> (1000 r/min, 10 min), i
RS T FEm (IO DMEM B335, 15 % G410
.1 % 552,100 UL H58% %), HET 37°C,5%CO, W4+
Fig%o 6 h JG L, 24 h JE PRI, LU S48 3 KRB 1 I, T4
Jitl 80 %Rl )5, 0.25 % JREE 1 -0.02 % EDTA AL &1L,
ZUE SRS 2-3 (R T F — 2050, A 24h )5,
TESANE F-FL NN A Dil-ac-LDL(2.4 mg/L),37 C FI§% 3 h,
LR PRS2 =R T B 10 min, A &R POEE(DAB) i
fh, JLIR AR I OB T R A IR
1.2.2 ZHBE SR HOSEA K WA 40 ,0.25 % TG |
0.02 % EDTA jHfk, DI B IR 2, 3% 1% 10* 40 / L
RN T 96 FLIEFEMR, 37 °C .5 % CO, WAl 3E3:, RrduisE K
PO ZENE ST LT BRI BEALT 4, AP AT 8 LX)
R ZH FUmAE R 55 SR L 24 i A RAPA (0, 102,107,
100,101 nM ) ,RAPA(100 nM) + SIM(0, 102,10, 10°, 10" wM),
WEE 24 ho R85 53R MTT J WST-8 A 4t s o
it BB G 88 il A8 43 S AE AE IR A< 490 nm f 450 nm 20 EHAS £L

A AR R SERE A 3 IR RO R REAR NN
SCHRY, O BB I UE S T RAPA B4l VR F , PR3 i 4 TS
1) RAPA 100 nM S T3t P J 20 i 9 S b e B, DA AR A
DES {8 AJ5 RAPA XI55 P 5 AN RAE A SABE . JFAR I IR
O3 SIS A R AT IR SR .

123 HAEFRREEARM  Transwell T2 32566 H AL N 8
wm [ millicell /N, TSI 5 A2 Transwell SZEGETTE] 2 24
h, JHAALFXEECE R B 4R, TG I AR s e R
RN MR R 2 3% 105 /mL, H/NERA 24 L, FEN
500 wL 5 10 % Jif 2 I8 A5 IR, b 250 A TG I 77 4 Y B
200 wL, AME AT H D= T =T, ETEMA
RAPA m; RAPA + SIM, 37 C & 24 h, BUH/NE, WK
W, MR EE R R ATHM, PBS ¥Rk 3 1K, 4 %%
B REE 2, PBS vk, 4 fh 5 g4 t4, PBS Wik, BT 1 E W%
BETHBON T T 55 0 B9 40 A, 200 4% T BU— B4R 5 SRR -%eem
MIANB, SROEH M, AR 4H 3 ANV A 3 IR,

1.2.4 fHAAT-#M Hoechst(33258 )t H i mBi A &
T 24 AL, BORERR A KA 4 LA 500 wL(6% 107 L)%
HeAhT 24 FLA, BEALAT A-E4H: XTARZL, RAPA 41 (100 nM),
SIM #H (100 M), RAPA(100 nM)+SIM £ (0, 102,107,100, 101
WM, RRANARIG RE LA )5 B 3588 7 PBS TEMNIR , 4 %%
I FH [ %2 15 min, PBS B Yk , Hoechst 33258 T VB & I Uy
5 min, ZEIEK B o ETIE WAEE T SR, R R AL
P& 5 A BT , TR P 40 Mk, L BE M 4R B A R A
B FEBIOM AT, Caspase-3 124 MR £ B HAE .

1.2.5 Western blotting #:ill B iR /02041, £ SIM+RAPA
ZH AN LY 294002 (PI3K 4 5 P4 157 ) 50 u, Ab BRETA] [F] 4
24 h MEHET I —2H . 43 X 4% 2 A R R R Aok
SRR R R, 5 15 %R B 5 %RIBUR M,
B TFOKFRANAEETE A, A 3 5@ F K, % S s
WA Yute 1 h S 6 2-5 ho e % rms 1 5 6 ¥ - P
50 mL, PKEE R 50 mL, i %8 F 7K 400 mL, Z85 2 T35,
ALY, Jefa RA—PIR I E . e iilie ag b4k
A

1.2.6 NO & eNOS Bl >R HRHIR I JE kM NO 43k it
A A 35 b R AL L3 100 WL #52 NO Rzt 7] & Ui A
T LA RE — AT, RT3 5 PCR ¥E& & 245 41 40
1 eNOS () mRNA [, 3% 1l : eNOS-F: 5'-GGAGCG-
GCTGCATGACATTG-3',eNOS-R:5'-GGTGCGTATGCGGCTT-
GTCA-3' 4% It RNA $2IUR 7 & U B E EFE LS RNA, 1 4%
3% RNA 2 uL.Oligo(dT) 2.5 wL. dNTP(10 wmol/L) 2. 5 uL
UK PEZEEK 23 WL IRAT, 65 ClindA 5 min, AR5 E K
V1, 700% g B0 30 s;7ZEH A S x RTBuffer 1 0 L .0.1
mol /LDTT 5 pL.RNase OUT #ZERHEHH15 2. 5 uL, 1855 37
CiFdE 2 ming A 2.5 WL 3005 5%, 185,37 C ¥ H 50 min,
70 C A 15 min 20k 7 8, /5754 8 cDNA, $RJ54T RT-PCR
Py, DL St A5 50 1 cDNA AR, 43I DL eNOS-F,
eNOS-R 2 -5 (%, H pfu DNA R4 7f{E PCR iy 474
224 93 °C 3 min FAEEF,94 C 50 S.56 T 458,72 C 30
s, 35 30 MER, B 1 SRR TERUE 72 °C A 10 min,
N 5E I, 1% Sl BHEEI B Tk R A 4 45 2R
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Dil-ac-LDL Wi 4 B (] 1A), P& 343 B BIr 5 32 40 i
CMECs,
2.2 FBIAEET CMECs 31T M 220

AN [6) e 2 1) RAPA(0,102,107,10°,10' nM)YE I 7.0 L 6%
M5 P9 KA 24 b J5  MTT Rl & B0, 408 A (B 8 5 R, 4
524 0.161% 0.043.0.118% 0.027.0.097% 0.048.0.075% 0.050,
R AL T HE4H (0.252% 0.064,P<0.05) ; Transwell #4277
YHNERS R T B, e FRMR BEAR B2 4311 Oy 67.80% 5.63.63.80+
7.79 .40.80% 9.91 .30.00% 8.75, ¥k T X M £H (85.60% 13.65,
P<0.05,[& 2),
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BREREATOARME X K4 MEEHE, EHE T, MTT(E A)R WST-8(E B)#&il,

B 1-A BT T 20BN E N R4 A AR BRRA 40 um);
1-B #fff1 Dil-ac-LDL F &R IGPH (L & 24 Dil-ac-LDL, I% 5 4 DAPI,
¥RR 7 50 wm)

Fig.1 (1-A) CMECs monolayer presents cobble stone appearance by
phase-contrast microscopy (scale bar: 40 pm); (1-B) Uptake of
Dil-Ac-LDL by immunofluorescence (red, Dil-Ac-LDL; blue, DAPI, scale
bar: 50 pm)

2.3 SIM 3t RAPA #5{5 /§ CMECs 18354 E R RIBT-HI S0
F AR EERG SIM (0, 102,107,10°,10' pM) 5E /1A
RAPA(100 nM)J CMECs 2L 5 24 h Ji5 , WiFZ 5 SIM e i 3

3% RAPA X CMECs [ #l il /E H ,MTT 31 A {84551 4

F G
3z N
e ZE
g 2%
- "'E
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Con § R 107107 10° 10*
RS (pM)

Con § r 10710010 10°

RS (M)

Transwell ;%( B C,#xR A

(B D), S3t8BALLL, *P<0.05, #P<0.01, A5 R HAEWMERMALILE, &P<0.05 252 AFMEEZALLE; Hochest 33258
FE(BEE,FRRH S50 um ) REESHT(E F); B G A Caspase-3 &N

*P<0.05 A5 IFRALLE;#P<0.05 A5 BAEMERALLE; &P<

0.05 AEEKZAMIT 100 pM HELE, FEREIE :Con, MERA; S, E&MIT; R, EWEER;NS, EHITEER,
Fig.2 Simvastatin promoted proliferation, migration and apoptosis in rapamycin- induced CMECs. MTT assay (A) and WST-8 assay (B); Representative

image (C, Scale bar: 550 mm) and quantity (D) of transwell assay. *P<0.05, vs. control, #P<<0.01 vs. rapamycin alone group, &P<0.05 vs. rapamycin

alone group; Representative image (E, Scale bar: 50 um) and quantity (F) of Hochest 33258 staining; Caspase-3 activity assay (G). ¥*P<0.05, vs. control,

#P<0.05 vs. rapamycin alone group ,&P<0.05 vs. simvastatin at 100 WM group. Abbreviations: Con, control; S, simvastatin; R, rapamycin; NS, no

significant.

0.122% 0.014.0.186% 0.017.0.219+ 0.029 0211 0.025, #75
Fraal RAPA 2 (0.091+ 0.020,P<0.05), {H k%t 82 K
(0.289+ 0.038, &l 2A); WST-8 ¥l 25 5 ([ 2B)5 MTT 4]
LA — 2 BARRTE SIM IR BN 100 M i, Hoxd T iAEE %

5 J5 1) CMECs {9/ R 81 K Transwell A6l 25 SR #
71 : B SIM 10-2 M 81, HoAx 45 2 440 M 30 A Ak it ) S 4 i, 44
W BE 2= 4 9 Sk 57.40 £ 10.50.79.60 £ 7.40.73.20 = 10.66,
78.20% 6.98, [ SIM 10-2 uM ZH AN T84k F RAPA b
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F2H (51.40+ 8.74,P<0.05,%] 2C-D), [FAt, SIM W] 2 3% RAPA
145 )5 1Y) CMECs [ 4813 : Hoechst (33258) Jeaz5iiiits:
(/8 2E-F), B4l fin A RAPA JHT-3(8.28+ 0.86 % )% xR 4H
(4.94% 2.42 %) Frss i, i s A SIM A T-3R (2.50+ 0.68
%) W e, 7E RAPA LR FANA SIM, BR¥ER SIM 102
UM Ah T F(6.08% 1.42 %,4.80% 1.83 % ,5.02+ 1.52 %)y
Braaiin A RAPA 444, Horh SIM 100 uM 4k E & ik . KA
Capaseas-3 ¥ il 45 5 (18] 2E-F ) 5 Hoechst(33258 ) 44 8,45 B AH
—3. ¥R SIM 1] g i RAPA 4b3S CMECs T,
JCiEE CMECs 478 i # LI K AT, 376 SIM ¥ EE A 100 uM
P RCR i 2

2.4 SIM HiAEMEZRIEAT CMECs H# p70 S6K BEER K A7k
EF_

G R, CMECs H 22 80 Az K IR 175 = S I A2 3 ot
PI3K/Akt {5 Si@ B A B, X — S5 RARMHFRA i — 2P
—H IR T 5 RAPA 25 SIM % CMECs (454 VE A 5.
B, AL T SIM BB 3% CMECs H1iX —if fif , Western
blotting Z5 L7 : 45 F SIM fth T 435 AT L CMECs 1 Akt
WML (B 3A-B), p70 S6K 8K [ BHIELL FE A9 I8 15 43
F, %% T mTOR, Jy Akt B FiiE3+1, #—2%F p70 S6K 43
FHEATRI, 25 R4 R,SIM A% S p70 SeK iRk (&
3A-C), I AT 3032 HR 5 i TG 1k . >R LY294002(PI3K
FESEAEIHIFD BALBLS , FTIHER SIM 98 Akt & p70 S6K fif
FRILRIVE T o 2, 2R RAPA, H i mTOR (45 SpAm i3],
AU AT p70 S6K i o X —45 4R : SIM R B (1 TE
R PIE PIBK/Ak/mTOR /p70 S6K {55543,

2.5 SIM {&3# CMECs 43iih NO B31E F#L I

WFFE R, 5% A L, RAPA (10°nM) T 5 35 FAIG
CMECs 4% NO: 4335 21.7+ 2.9 umol/L Hl 363 % 5.8
pwmol/L,P<0.01, & 6A, SIM 100 M B i 3548125 11 %t FR4H
J 3% RAPA FigbH4H CMECs 43 NO 197K« 4351k SIM
2 46.7 + 7.3 umol/L LTI ZH 36.3 + 5.8 wmol/L,P<0.01,
RAPA+SIM 41 35.1 £ 3.6 pmol/L . RAPA 41 21.7 = 2.9
wmol/L,P<0.01, RFH5ZMH PCR X eNOS HY/KEGEA T , 4
FLPR  RAPA 1] R4 CMECs 1 eNOS ) mRNA ()£ ik (P <
0.05,1%1 6B), [ZZ,SIM A] FiFHRIE(P<0.05), X —45 4
7, SIM AIFE L3N eNOS 7K, i il CMECs F:ffizK -
K 5% RAPA L #LJ5 NO BYZKF- o H 23X 79 35 19 /E AR AT 4%
LY294002 50 wM i .

3 g
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B, FER%IE: Con, X ER4A;S, =& MIT; R, EMER; LY,LY294002,4
PI3K $5 S FIF
Fig. 3 The effect of simvastatin induces phosphorylation of Akt and p70
S6K in a PI3K-dependent manner. (A) Representative blot. Quantitative
densitometry data of pAkt (B) and p-p70 S6K (C). *P<0.01, vs. control,
#P<0.05 vs. rapamycin alone group, &P<<0.01 vs. rapamycin (10° nM)
and simvastatin (10° uM) and LY294002 (50 pM) group. Abbreviations:
Con, control; S, simvastatin; R, rapamycin; LY, LY294002, PI3K

inhibitor.
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R
B 4 22 A TR B AT 8 AL e L P9 B 4RA S NO BRI
eNOS FIRIZHIMER . &4 NO KT (B A); &40 eNOS mRNA HIR
(B B)o *P<0.05 ASMRALEK, #P<0.05 A5 L AEMERA
tb3:, &P<0.01 AFEMHESE 100 nM + FEHE AT 100 WM+LY294002
50 pM HELE . FEREIR:NO, —E L& ;eNOS, — &L R &E; Con, Xf
RS, ERAIT:R, BIHES LY, LY294002, % PI3K 45 54017,
Fig. 4 Effects of simvastatin on NO release and eNOS expression in
rapamycin-induced CMECs. NO secretion (A). (B) eNOS mRNA data.
*P<0.05, vs. control, #P<<0.05 vs. rapamycin alone group, &P <<0.01 vs.
rapamycin (100 nM) and simvastatin (100 uM) and LY294002 (50 uM)
group. Abbreviations: Con, control; S, simvastatin; R, rapamycin; LY,

LY294002, Akt inhibitor.

PR T RO M B, FATHISE 127 SIM Al fie gt
RAPA YERIT CMECs H3#458 , i B FIAETE S HAE FHALT]
MRAEA ST IR IS5 2R, BT A B, 5 AR T — 2, Rk L
(100 wWM)I¥y SIM 7Tl Z 14 i CMECs H$45H RS | (A A1
HPRT R Rz, EREE (101 pM)EJ SIM I35 A % CMECs
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ARG VR FH L U, A 5 o E— 2D RS TR Rl B fl 7T 5 24

Wy ml (L A B AN 1 5 RS A5 ),

WFFEHE , Akt BERR AL ATREAT B T CMECs BAAE , A KA
TR A TRER, Akt AU R 3E S 4000 1) 200 080 1 2 3 PN B 400
AR A BE IR TE NO A9 ™). mTOR JE& PI3K/Akt {55
W L R A S S AR A KR B A R 0, O X
MAEF AR EZEWIEM ", PR IESE, mTORe] U Al 33
p70 S6K [k , 3 H RAPA X HiAG Ml V£ HIMS, 1 PI3K/
Akt/mTOR/p70 S6K 7EAH A= 4 , S5 77 1 A 4% S 2R I,
{HJZ, mTOR {5 58 7€ RAPA 5 31y CMECs fy48 455 b i 1
FBARA RS . A TUESE Akt £ RAPA i) CMECs 45 {3
FAEH, FAT TR ] Western blotting I A% 1745 41 CMECs iR
1B FE B o A BF ST K% B, SIM R L T # i% CMECs iy
mTOR/p70 S6K {5 Fid i, JFH., i T3k M AE I al 58 4 8
LY294002 #I i , 3385332 2] RAPA AU . I m] 45 33 B
FR 45 16 - SIM ¢ JE 1A B2 40 0 A 384 58, 3 A% R T 2 o i
PI3K/Akt/mTOR/p70 SOK {5 i jff , H- 14 G Ty Uil 15 X 4%
T A 1

WF5EHE ™, PIBK/Akt {5 51 #% 25 CMECs 73 NO #id
T o NO J2:d5e A9 I EF 5K 520, RAPA Xf NO 73 MA R i
VERIA e BEROBPE . ARSZIGE5RA5 H - SIM A F AT 41 eNOS
B, R A5 CMECs 43 NO #8011, ix—1E A nl 4 RAPA
J& LY294002 A91E M. 28 PI3K/Akt/mTOR {5 5325
T RAPA #5ifj T SIM X} CMECs g fE - L =2 o, 95
HNO 434 e eNOS [ 3RIKF Ko

M2, HAMFERY]: RHKEE (100 wM) f SIM A ¢ i
CMECs g3 5, T8 KAFHE o X — 2= 8o 2 i
PI3K/Akt/mTOR/p70 S6K {55 18 % SZ FL Y ; SIM X mTOR/p70
SOK. (i i S Gk 7 =X I FARHEZ (100 M) 1 SIM A {2
CMECs X NO R, FATIBFFE 4 tiiX — 7] e : AkYmTOR
{57 7 AT RETEALTT 28250 i) 2 A4 M D7 T A PRI

& % 3¢ @ik (References )

[11 Undas A, Brummel-Ziedins KE, Mann KG. Statins and blood
coagulation[J]. Arteriosclerosis, thrombosis, and vascular biology,
2005, 25(7): 287-294

[2] Fadini GP, Albiero M, Boscaro E, et al. Rosuvastatin stimulates
clonogenic potential and anti-inflammatory properties of endothelial
progenitor cells[J]. Cell biology international, 2010, 34(7): 709-715

[3] Seedial SM, Ghosh S, Saunders RS, et al. Local drug delivery to
prevent restenosis [J]. Journal of vascular surgery, 2013, 57 (5):
1403-1414

[4] #weik, EARME, TR, . FAATHEMEZEA T XA MK
% ) R Lm Rt %)) o ik 42 &, 2010, 22(6): 846-851
Xie Xiao-bo, Wang Dong-juan, Wang Chen, et al. Effects of simvastatin
on rapamycin-treated cardiac microvascular endothelial cells [J].
Chinese Heart Journal, 2010, 22(6): 846-851

[5] Somanath PR, Razorenova OV, Chen J, et al. Aktl in endothelial cell

and angiogenesis[J]. Cell cycle, 2006,5(5): 512-518

[6] Miriuka SG, Rao V, Peterson M, et al. mTOR inhibition induces
endothelial progenitor cell death[J]. American journal of transplantation:
official journal of the American Society of Transplantation and the
American Society of Transplant Surgeons, 2006, 6(9): 2069-2079

[7] Finn AV, Joner M, Nakazawa G, et al. Pathological correlates of late
drug-eluting stent thrombosis:
endothelialization[J]. Circulation, 2007, 115(8): 2435-2441

strut coverage as a marker of

[8] Carmeliet P. Angiogenesis in health and disease [J]. Nature medicine,
2003, 9(6): 653-660

[91 Shen W, Shi HM, Fan WH, et al. The effects of simvastatin on
angiogenesis: studied by an original model of atherosclerosis and
acute myocardial infarction in rabbit [J]. Molecular biology reports,
2011, 38(6): 3821-3828

[10] Zhou J, Cheng M, Liao YH, et al. Rosuvastatin Enhances Angio-
genesis via eNOS-Dependent Mobilization of Endothelial Progenitor
Cells[J]. PloS one, 2013, 8(5): 63126

[11] Katsumoto M, Shingu T, Kuwashima R, et al. Biphasic effect of
HMG-CoA reductase inhibitor, pitavastatin, on vascular endothelial
cells and angiogenesis [J]. Circulation journal: official journal of the
Japanese Circulation Society, 2005, 69(12): 1547-1555

[12] Ruckerl D, Jenkins SJ, Lagtom NN, et al. Induction of IL-4Ralpha-
dependent microRNAs identifies PI3K/Akt signaling as essential for
IL-4-driven murine macrophage proliferation in vivo[J]. Blood, 2012,
120(6): 2307-2316

[13] Weis M, Heeschen C, Glassford AJ, et al. Statins have biphasic
effects on angiogenesis[J]. Circulation, 2002, 105(6): 739-745

[14] Dimmeler S, Aicher A, Vasa M, et al. HMG-CoA reductase inhibitors
(statins) increase endothelial progenitor cells via the PI 3-kinase/Akt
pathway [J]. The Journal of clinical investigation, 2001, 108 (3):
391-397

[15] Dimmeler S, Fleming I, Fisslthaler B, et al. Activation of nitric oxide
synthase in endothelial cells by Akt-dependent phosphorylation [J].
Nature, 1999, 399(1673): 601-605

[16] Sarbassov DD, Ali SM, Sabatini DM. Growing roles for the mTOR
pathway[J]. Current opinion in cell biology, 2005, 17(6): 596-603

[17] Li W, Petrimpol M, Molle KD, et al. Hypoxia-induced endothelial
proliferation requires both mTORC1 and mTORC2 [J]. Circulation
research, 2007, 100(1): 79-87

[18] Jacinto E, Loewith R, Schmidt A, et al. Mammalian TOR complex 2
controls the actin cytoskeleton and is rapamycin insensitive[J]. Nature
cell biology, 2004, 6(11): 1122-1128

[19] Iantorno M, Chen H, Kim JA, et al. Ghrelin has novel vascular actions
that mimic PI 3-kinase-dependent actions of insulin to stimulate
production of NO from endothelial cells [J]. American journal of
physiology Endocrinology and metabolism, 2007, 292(3): E756-764

[20] Moncada S, Higgs EA. The discovery of nitric oxide and its role in
vascular biology [J]. British journal of pharmacology, 2006, 147
(Suppl 1): S193-201



