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[ ABSTRACT] Aim To investigate the effect and discuss its potential mechanism of sirolimus induced calcium over-
load and apoptosis in vascular endothelial cells. Methods Human umbilical vein endothelial cells (HUVEC) were
exposed to sirolimus with or without intervention treatment with ryanodine.  Effects on cell viability were assessed by the
MTT assay. Effects on the production of nitric oxide (NO) were detected by nitric oxide assay kit. ~ The intracellular
calcium ion (Ca®*) concentration was assayed with Fluo-3 AM staining, changes of mitochondrial membrane potential were
detected by JC-1 fluorescence labeling, HUVEC apoptosis rate was analyzed by Annexin V FITC/PI staining. Results
Compared with the normal control group, the cell survival rate was decreased significantly in the treatments of sirolimus in-
jury group (P <0.01). In sirolimus 500 nmol/L injury group, cell swelling, cytoplasm vacuoles, part of the nucleus py-
cnosis , nuclear fragmentation were observed by HE staining, levels of intracellular free Ca®>* and cell apoptosis rate were in-
creased (P <0.01), levels of NO and mitochondrial membrane potential were reduced (P <0.01). The intervention
treatments, ryanodine, significantly reduced the sirolimus 500 nmol/L treatment-induced Ca>* (P <0.05) and cell apopto-
sis (43.3% +2.0% reduced to 30. 7% +0.9% , P<0.01). Ryanodine also increased the sirolimus-treated cells’ via-
bility (P <0.01), production of NO (28.33% =4. 18 pmol/L increased to 47. 03 +3. 87 wmol/L, P <0.01) and the
level of mitochondrial membrane potential (0. 24 +0. 03 increased to 0. 45 +0. 04, P <0.01). Conclusion The pos-

sible mechanism of sirolimus induced calcium overload and apoptosis in HUVEC might be related to the increase of intracel-
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lular Ca®* via ryanodine receptor pathway.

I AE7 P 2 1) 570 R 4 R Ty At 4 2 B 1k it /N AR
R M AR TE LY K, Z R BN Z S HEN
J, BRI RE RS, an st kot AR Ak DL R SRR
Bk AAREE, P9 % 55 6] — Rl 3L sh ) & i
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PR3 LI R R FH DR 1 32 3 B A

SV B B A Y 32 B AR R B R 8
mTOR,, H Fif i A T 28 R A5 58 i g AL 51 &
A N R 0. A A58 3 W V5 2 55 A g i o
254 FK506 4545 45 1 ( FK506-binding protein, FK-
BP) ,JE W6 % 55 H]-FKBP 4 & 14 i FKBP M 45 B
FGETE RyR2 b f# B, RyR2 18 18 ¥, #5 BB =2
FEA N AP Ca® 1 IR TG 22 Fh RS AR R 2R
VA A AN [ S 30 T BN B T RE
Wi Ca®* T s TG 75 22 B R] A9 4E FRD . AR5
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RyR2 ZZ 4 18 15 0 41 H P9 45 75 i | 2ok Ak
FEEHL A5 I 4 0 3080 T2 72 1 00 45 R Al i P B 24 B
FIRE AL
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L1 254 G FIFLER

A5 ## KA % 29 8 (human umbilical vein endo-
thelial cell, HUVEC) & 5% 4 3 7= i (HUVEC-004 )
B #= E AllCells /A 7 ;0. 25% Trypsin-EDTA (1X) Jila}
B Gibco /A  ; AnnexinV-FITC/PI J& 1= # 7| & 7| &
T B BD A F] SRR AR K A & (JC-1) 1
HEZRANE ;T\ ZEE FIFi# €W E % E Santa
Cruz A 8 ; MTT ¥ B % E Amresco A 7] ;45 B T %
45 4T Fluo-3 AM 8% Bt =% 28 it F-127 ( Pluronic 127)
¥ B % & Biotium /A 7] ; — £ 1t & (nitric oxide, NO)
MERFEWEm TR EN TR, BOLERE
DML A ERLY 8 % E MatTek A8, CO, 4
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1.2 ZARREEsE R MTT # 4R TEE R

BamERTR2ERT,ET37C 5%C0, &

WATRE AR R AR A KR
80% L4 VA _E B, A 0.25% ffEBE-EDTA LBk, #
X 4% A K HA B 2 B 0. 25% i B -EDTA S 16 4| ok 2
20 B R, B AL S x 10° AN AT 96 FLAR,
ExpHDEF A BAH R ZABRAE,QEF
HE A0 % T HEEE 62 5,125,250 &
500 nmol/LAb#E 47 i, 24 h; @ T F H 5 + F| [ 5 &
4. 4B % F W % 5 500 nmol/L + F| [ % 25 50
2 100 wmol/L 407 41 fff, 24 h, % bk 4241 4 3 7 |
B AN MTT R A 10 pL, 4k 228554 h, B+ L iF,
AN 150 wL DMSO, 4% 3% 10 min, B A7 G0N 2 570 nm
4t By R K JE (absorbance , A) B, (XN 150 wlL DM-
SOWIMENZAME, BRFEE(%) =(Ay, -
Apo )/ (Appus —Asy) x100% , F4EE 6 M
L, EBER 3 K, B A A P
EHREHTEELR,

1.3 HE FaNZMEHRGESHETL

Baimailsx10" M EMHT 6 IR, 20 E
AT PE 4L V8 3 5] 500 nmol/L 411 B H & 500
nmol/L + F| [ # % 50 wmol/L 4, & %41 4 72 24 h
B, R3F LERL,PBS ik 2 Kk, LEEE 10
min,HE 2+ & B & 2 AWK F XK E,

1.4 HHAEEFRRE NO 2=/

IS x10* N EMHT 6 LK, 04 F 1.3,4%
AR 24 h 5, W B WIS, TR A &I, A
721 AVE LK 4ok AL E 550 nm B9 A B, AR
WAt AE, T NO WE 2R EW &,

1.5 RN Ca’ iRE

B 3L S x 10" MM T 6 LA, 241
1.3, %443 24 h J&, ¥ b 40 o %) ok 2 40 fa B,
T 48 Hft, £ 7 P A\ Fluo-3 AM( 4% 4 5 pmol/L)
& Pluronic 127 ,37°C % & 30 min, A 445 Hank’s %
ek VR k% 3 K )G, £ FACS Calibur % 5 48 i1 13
EAFLI EANFRABRKLEIZERL(HLR
WK H 488 nm, K G K # 520 nm) , Cell Quest 2
FEAENE 3 K, HEF FCS Express 4.0 24 44
Ix10* My FHRAEE R UEAEES
X RR 4L R G B R R
1.6 BAEBEBMBEWRMAAA Ca’ HHRBEE
T

Bl s x10' NERTHAEERER
WEERFERL, pAF 1.3, 444 24 h 5, %
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2 K, MmN Fluo-3 AM (2% E K 5 wmol/L) X
Pluronic 127 ,37°C 5 30 min, PL 445 Hank’ s F
HEREEI KRG, EREE 20 min ETHAEER
ERMERNZAXRAE,
1.7  AnnexinV-FITC/PI & i 5 48 At R #& il 8 B
AT

Wiz aIl s x 10" Mg T 6 IR, 24 F
1.3,%4 443 24 h 5 ,PBS Wik 40 0 2 K, BB ¥ 1k
G, B E EE A EW R E A, T 100 wl 4
B NS wL Annexin V % 5 pL PL, %8 & 4
AE15 min, B Am N 400 L 2% o i, R b A i X 48 AL
A & KK Ex =488 nm, & 4% K Em =520 nm,
1.8 JC-1 #6024 {2 B B8 L

¥ aEIl s x 10 MM T 6 TR, 2 4 F
1.3, 444324 h g, A EEN 1 xJC-1 L%
MR, 3 B R, PBS k% 2 9K,0.25% J# BE-ED-
TA BB, F B, PBS ¥ %, in X 0.5 mL JC-1
e, TAER, BUEIBORR A, WFEFRE T 3ITCHE
H 20 min, A JC-1 FEEWREKE2 R, BHEE
JC-1 e Zwm i ERE, R 4l N, &R kK
WAL AR 45 R H FIL2 5§ FLI 20 40 7% % 98 % th &
(FL2/FL1) % 7T,
1.9 Sit=ZEHiE

LB Dx £s T, A AKX A 1 B KE
HEFEZ0H, L P<0.05 h ERALKTHENL,

2 # R

2.1 AFEFNMTEE R NRF M EE R
T R

P2 5 H] 62.5 125,250 2 500 nmol/L Ab B
HUVEC 24 h J5, A7 15 R A AR E R, B
B ERIYE(r= -0.988,P<0.01;% 1), PH%
BLH] 500 nmol/L Zb B J5 40 MIAF 15 %K 69. 46% +
3.6% , R BESE 500 nmol/L /N JG 5250 1R %

PUX B E] 500 nmol/ L FAS [F] ¥ B2 ) B 35 5 4L
[ 15 24 h J5, FIFTi#EE 50 wmol/ L K 40 FL 7715 2R
FEEA 87.25% +2.48% (P <0.01;3 2), H ik
# 50 pmol/L VER JG L LMk FE
2.2 BT ERLGEMFIEE TR HBEESHN
=2

HE Je 015 7, 1 5 X AR 20 0 ) B] i 22 20 40 iy
BZ MY RZEIE AR P52 5] 500 nmol/L
ZH A1 Ak, B2 L B 2 6, 50 0 AN R A 11 4 A R
24, P2 5 H] 500 nmol/L + FI P E 50 wmol/L 4H

YA 2 Z MY | 2 A REHES, 2D 40 i
Jib ik B e s st (1 1)
2.3 ATEALEFMFIMEEFHI NO EEN
A

5 IEH X AR L, P52 52 5] 500 nmol/L Ab #
24 h ARG FRI NO B R, M A BT i 2 1 5
YA FR NO & A5 8] —E R IR E (R 3) .

1. FEREETERXNARFEEENZM(x+5,n=6)
Table 1. Effect of different concentration sirolimus on HU-
VEC viability(x +s,n=6)

a4 gl URERRRS
1E X IR 100% +0%
62.5 nmol/L F§% B H] 4 77.64% +2.80%"
125 nmol/ L P§ % 5] 20 74.03% +3.50%"
250 nmol/1. P % 5] 41 72.48% +4.10%"
500 nmol/1. P4 % B4 w21 69.46% +3.60%"

a N P<0.05, 51E% % B4 Fbds,

% 2. BT EF 500 nmol/L FA[E iRk & FI b & iE 4L [ F
MR E RN (x £5,n=6)

Table 2. Effect of 500 nmol/L sirolimus and different con-
centration ryanodine on HUVEC viability (x +s,n =6)

4y 4 U0 HLAE T
IEH X HRZH 100% +0%

5 wmol/ L | T 5 £H

50 wmol/L B4 72 41

100 wmol/ L A B3 5 4

500 nmol/T. PG % S 4

500 nmol/L Fi% BLH] +5 pumol/ L B35 & 21
500 nmol/L Wi % 557] + 50 wmol/L FIPikEH 87.25% +2.48%"
500 nmol/L P4 5L 5] + 100 wmol/L FIF#EELH 88.52% +3.14%"

96.57% +3.72%
98.07% +3.67%
95.87% +2.36%
69.46% +3.60% *
70.48% +2.56%

ai P<0.05, 5IEH XTI L ;b h P <0.05,5 500 nmol/L 7§ %
BLEI L,

& 3. AFERIAEFIF FTEE FHIXY HUVEC 23 NO B
M (x+s5,n=6)

Table 3. Effect of sirolimus and ryanodine on NO levels of
HUVEC(x +5,n=6)

A NO &4 (umol/L)
TEH X R 60.20 £3.93
50 wmol/L FIBi% & £ 54.16 £3.75
500 nmol/L 7§ % B w41 28.33 +4.18°
500 nmol/L PGB 5] +50 wmol/L FIFTH#ELH — 47.03 +3.87"

ai P<0.05, F1EH XA LA ;b 4 P <0.05,5 500 nmol/L P4 %
LR R,
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B 1. A ERCEMFFIEE T HEREARRMm( x200) A IEH X IR ;B SR 24 C J9 75 % 54/ 500 nmol/L 4,
i ks MK A5 ;D VY B 5] 500 nmol/L 4, i Sk /n A [ 45 AZAFEZ; E S PE Y B E] 500 nmol/L + FIFTHEE 50 wmol/L 4,
Figure 1. Effect of sirolimus and ryanodine on cell morphology of HUVEC( x200)

2.4 TTHEFLEBIFEEFRFHBEA Ca®” 0.01) ; AP E 50 pmol/L TG 4HMI PN Ca®* 7K

KFH R0 AR, MIEH ST IA M 1.14 £0.07 f5 (P <
T AR I 25 R s, HIE R XTI A 0.05) . HOEIERAEGIAH AN Ca®* /K2R L4k

I, E%ﬁﬂ 500 nmol/L Ab¥H 24 h 4HfLIN Ca®* 7K RANKE 2 PR,

S it WO IR 1.38 £0.09 5 (P <

20pm pm 20 pm

. AEZE R MBI S E TR MR Ca’ Kk EHE A IEE X R, B AR E 50 wmol/L 26, C 2474 % ] 500
nmol/L £ ,D NP5 % 5] 500 nmol/L + F| i E 50 pwmol/L 2 .

Figure 2. Effect of sirolimus and ryanodine on Ca’** level of HUVEC

2.5 AFEALEMAMEE TR ARENE 2.6 AFEALEMFFEE TR HEEETE

& BB {37 A 24 e oA
HIEE XA AE L, 75 % 5 A] 500 nmol/L Ab 34 P 5L E] 500 nmol/L ZbEH 24 h 20 H 8 7= %
24 h ZHHE N AR B R A KRR (P <0.01) Bl IEFXTHRZAN 27.5% +1.8% M5 % 43.3% +2.0%
BT 22 5O pmol/L TS 20 N R RLAR AL SL K (P <0.01) , BT 3 50 pmol/L 1515 20 A 7 7=
AHHRE (P <0.01;3£4) KFEE30.7% £0.9% (P <0.01;83)
EEMBA ~ 50 p molLF M iazER . 500 nmolL B & 7 A 500 nmgVLE.P?;ETﬁO u molLF M E 4
' Q?;tﬁj Q1-UR o :‘3 ioaf'UL
%315.0% 1. 62200 o %37.3%
s " - &
S k< =
Teg ik ;"‘éi
’ég © 2
g ; _ R
; o vl | Pho e va Pl o
o e S e St el S B Pl Rl A Ll R B “1"6'”‘;’372
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Figure 3. Effect of sirolimus and ryanodine on cell apoptosis
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% 4. FT E R AR TNFI P 5 TE T 750X 4R R 4k i (A AR BB S Y
2 (x+s,n=6)

Table 4. Effect of sirolimus and ryanodine on mitochondrial
membrane potential of HUVEC(x +5,n=6)

A FI2/FLI

1E X IR 20 0.68 £0.06
50 wmol/T. I Bl 22 21 0.61 £0.04
500 nmol/L P4 % 5L 7] 4 0.24 +0.03"
500 nmol/L P4 HLH] +50 pmol/ L I35 5 21 0.45 £0.04"

aj P<0.05, 5IEH XA ;b R P <0.05,5 500 nmol/L 7§ %
BLFEH IR,

3 47 g

VU BERE] N4 TR IAEE 2R, R AR o 41 A 3
FEUORZEAE F R BT 25 90 2 33 0 2
iz —, H VG P S E] (G HU mE AR F B = e
P 25T ST Ve UL A 08 B > S 8 D R A
F14 [ Ptk P00 S0 AL 65 ) Rz 40 M 1) 1 0 A2 ol 461405
TP B AR TR ZE K PR A S 0GR S Pk S 48 Py aft,
BB FE I . AT 52 I 52 7Y % 5 ) B 52 ik 46
M R, I8/ NO 430451 36 Y R 40 i T RE
DA 9T 22 L RZ i) i 487 P9 B2 &7 5k T g L 9 o B2
YA P9 R AN 3G B SRR B BRERT R A I TR K
A5 T LI 9 R AR AL T

PGP 5L H] 5 FKS06 25 AH AL, E A 41 J5 45 &
FESERE A FKBP I, JE PG 2 5 6] -FKBP 54,
FKBP 740 R i 223k, 540 Y Ca®* Bk i
P IA S AT SR VE % 55 R Ab B HU-
VEC 24 h,Fluo-3 AM FRiCAMMEN Ca’* , 2550 & BH,
5 IEH X IRAIAH L, P SRl 4 ) Ca®* /KT B
BIE.

Ca’* FAARAE A0 M5 45 S 1 T~ B 0 3h 5 AT
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VG2 B ) 175 5 A0 PN 65 8 T i, 20 B R (R e
AN R VA N 2797 i i Y GBS TR L AL /T
KA — B ok A B R E A I, U 40 0
ToANAL A AR5 45 3 % BV & 55 E] b B HU-
VEC 24 h J5 Fifi 20 L P985 36 T, 2 b 1 15 e 467 T B
R TR

P Ca®* B E B HR & , 3 BRI T Ak
Ca®* PRI PN B BB AE Ca®* BRI, 4HLAT Ca2* N
F2 B3 Aok MRS )3, FRATT T A SR FH 4% 36 i BH
F BT S s M AN Ca®* BE A7) EGTA BELIKT g 41
Ca® " P T 10004 2 5 ) 6 I A5 PN B O 01 56, 400 it P

P R 2 PR A ) R A (EL A P A KP4
1o T IE X B2 | $ 7 Bk A1 B A1 S P9 AT, 4 Y
Jo RS R it 2 5 V8 B B ] 5 | A I A P 2 4N
WAL, AT REH T Ca®* B R A AE A7 = I
RYEE BRI FEAEN ., PF5EHGE, 7% 5 n]
Al i FKBP M PN 5 RyR2 3838 f# e, S8k
K RS N TR K 0 EE I B ik S0 IUEE N
4 T2 B4 45 b S T) 400 L P 5 B s s L e L
AL, FKBP J2 L 19 65 o i3 16 Ty B 19 G B0 1y
7 LR R RyR2 2 it PN 85 BE R0 38, F 9%
7, A3 FKBP 3 PR Y /)N BBl R FH 32 910 #1741
TR ZR 5 FKS06 43 B FKBP 5 RyR2, & FHUILHK
WY RyR2 18 2 BURFLL M SRS Bl & 455
WeERG P A B A, AN B2 RyR2 524k I
TR FKBP 258, 40N Ca”* R34 DL 148
/NP % BLE]-FKBP & 45 4 Al il aoF 5| A2 P9 BT % RyR2
I AT BN KBS RO N, A5 R A
Bl 2 e E RyR2 A2 4G , I WS40 i PN 45 T 5
LA LA S A PR T A A O, 45 SR R B,
Bif i o A SRR RIS, VE 2 5 RIS 1 200 B P S T
R B SR, R AR S A B R R, A R T
BRI D  NO Rk B R &2, m] UL T ) RyR2 38
SER N Shere IR A Rr S SR R - S Y TR i
P2 A g T b S OGS . ASAIE 58 45 2R R0 STk
(14 4R1E 3L,

Zx Lk, V8 % s w540 N AR FEAIL R i AN T
SYIERE TRES AR S A N R AN Ca® R EE T
TR 5%, MG N AT PN A B i T BE X 2 5 PR W B
o R A0 R RN R AR 5, NS BT fig
Y& I FKBP , JE 5 PG 2 55 w] -FKBP 2 A 1520 N i )
RyR2 2 FRliE A A O, 5% 19 RyR2 5 FK-
BP FHE AR, o7 RESE PG 2 5L R] SR A 5 N R JE IR
BERER B X P8 % 5 R -FKBP-RyR2 8% 1
AT, iR LS LME R RyR2 5 FKBP 2
V] B AH B A, 5 ] BE AT S R A 0B S 2R A TS
B A8 53 QIR YK 5 A A (1) B LS A
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