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low-density lipoprotein , ox-LDL ) 75 S 4 IfIL 4 A K¢ 240 Bl 355 PE i i VR o Jjids IS5 3% HUVECGs,
4% 3 WG, FHT R PN Kz B BH ( transendothelial electrical resistance , TER ) [%) 40 g B AL 43~ %of B 2H A
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oL ENIER I VE-cadherin (Y55, A0 & 45 25 T HREH (Fluo-3/AM) 5, SO 3R AR AG I 40 Jid P 45
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Store-operated calcium entry involves in regulating the hyperpermeability of

endothelial cells induced by ox-LDL
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[ Abstract | Objective To explore the effects of store-operated calcium entry (SOCE) on oxidized
low-density lipoprotein ( ox-LDL ) -induced hyperpermeability in human umbilical vein endothelial cells
(HUVECs). Methods HUVECs at passage 3 were divided into the control group and the ox-LDL( 10, 25,
50 and 100 pg/mL) intervention groups (n=3) for the examination of transendothelial electrical resistance
(TER). HUVECs cultured in slides were randomly divided into the control group, the ox-LDL 24 h group and
the ox-LDL 48 h group. The distribution of F-actin and VE-cadherin were detected by immunofluorescence,
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and the protein content of VE-cadherin was detected by Western blotting. Incubated with calcium fluorescence
probe ( Fluo-3/AM) , intracellular free Ca*" concentration ( control group, ox-LDLgroup, ox-LDL+2-APB
group) and SOCE (control group, ox-LDL 24 h group, ox-LDL 48 h group) were detected by laser confocal
microscopy. Results Low dose of ox-LDL( 10,25 pwg/ml) exerted no effect on TER. High dose of ox-LDL
(50, 100 pg/mL) also had no effect on TER within 6 h, but after 6 h showed no effect on TER. However,
high dose of ox-LDL(50, 100 wg/mL) reduced the decrease of TER in 12 h (P<0.05), and the decrease
was more significant in 24 h and 48 h. After the incubation with ox-LDL( 100 wg/mL) 24 h and 48 h, the
expression level of VE-cadherin decreased( P<0.05) , while the form and distribution of F-action changed;
Intracellular free Ca®* concentration increased obviously which was interrupted by 2-APB the SOCE inhibitor
(P<0.05), and the 2-APB can decrease the effect of ox-LDL on TER. After incubation with ox-LDL
(100 pg/mlL) 48 h, the amplitude of SOCE decreased (P<0.05). The descending artery flow velocity of
SOCE showed a slightly decreased trend after incubation with ox-LLDL 24 h and a more significant decrease in
48 h(P<0.05). Conclusion

endothelial cells by extending the duration of SOCE to effect the arrangement of cytoskeleton and cell junction,

Ox-LDL up-regulate the intracellular free Ca®* concentration of vascular

which increases the cell permeability.
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W (n=3), B TEEIT ) 6 FLBAY A H] 740
e AR S 5O S B BN A, BERIL > R (n=5)
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(100 pg/mL,48 h) . Kige THOGILR LR I ML)
20 L P A0 48 i PN 85 5 5 DA S SOCE (n=8~12) :
B A iR A 2-APB Sy SOCE il il 551 , 240 Jfa B AL
A3 X BRZH | ox-LDL 26 (100 wg/ml) Fl ox-LDL+2APB
% (ox-LDL 100 pg/ml;2-APB 50 pmol/L) , 4851 F 24 h
H148 h 65l , SOCE A6 i AnFEAIL 73 A %f BRZH Lox-LDL
24 h 41(100 pg/ml) il ox-LDL 48 h 41 (100 pg/ml) .
1.2 ¥ W X & [ (transendothelial electrical resistance,
TER ) #-]

% Millicell ERS-2 H3BHAXK I TER ., LTG0 i
(1) Millicell 35FR M4 %5 X IR (TER, ) , #5801 40 i Y
Millicell 3533 L5 & T 40 I35 7746 24 h, B @ I0AS [+
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6.12 24 48 h 44 TER, , 8 /5 2 TER =TER, -TER,
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HHE,

FESRELAN ] SOCE X TER 521 (4 460 v 4540 i
43 5t BR 4L ox-LDL 4 (100 pg/ml) #1 ox-LDL+2APB
#H (ox-LDL 100 pg/ml, 2-APB 50 pmol/L) .

1.3 ek R %I 5% b

YL P 4% 22 5 B 22 3 [ 52 15 min, 0. 01 mol/L
PBS ¥ 3 minx3 K, SN GG B A 3 A 37 °C 97
B 20 min, 430 A VE-cadherin $i A (1 :200 7 B,
HEE S RAEWEARA R F]), Actin-Tracker Red-
Rhodamine (1:100 i, o [E 3 = KAV EAA R
A A, ETREBEEE, T4CKFARE LK, 0.01
mol/L PBS ¥ 3 minx3 ¥, BN A FITC ¥l PR
PriA&(1:100 #ifE, £ [E Earthox 24 H]) ,37 CHOGIF T
1 h, 0.01 mol/L PBS ¥t 3 minx3 Y%, il A DAPI 443,
FEIMEE 5 min, 0.01 mol/L PBS ¥k 3 minx3 K5, 1%
6L IR A 0 S UL B 240 B 4 B
1.4 VE-cadherin K- %, J& ¥ i 45-0)

BOZERR T 6 FLAR Y 41 i, RIPA SR % (% 1:100
I PMSF, vh 5 58  RAEYFAA FRS F] ) 246 240
PSR M, B0 e BB, BCA IR W . W
T SDS EAEGE i (3 = RAEHARA R A A)
J5 95 CAFPE S min, BL 20 wg % (1617 SDS-PAGE i
HLUK G55 % 2 PVDF Jii,5%BSA iR £ 1 h, &
VE-cadherin H{& (1:500, th [EH = RAEYHARA RS
A]) (B-actin(1:1 000, P EFH = RAYHARARAH])
T4 C, Evk)s 5 HRP #3101 IeG Hifk 37 C
A 1 h, LI ECL &7 & 2 5% , Quantity One 3K {45341 5%
KA
L5 455 T®RAM™E

BEA THOCI RS R IR 1 d Waif,
TIMAZLHREE R 5 wmol/L [ Fluo-3/AM 5 55 444+ (
EEE A REMHARARAF),37CHEEHFFE 30 min
Ja W R TR T A PBS SV 3 UK, KT B 55 572
FRUGEEIE R 60 min J5, BTG R A8 T il 41 i
N5 i A & SOCE
1.6 zmfe Mt & 45 R AR

BURE S TR A E T B EY G, i
BRI (B4 8~ 12 A4 , SL B A I sl
FHE 1 min (PP 488 nm, A5 530 nm) .
Fluo-3/AM SEHE1E 55 20 il N 1 25 85 25 5 5 2 9861k
VLR M5 FLRE 7 MR E (region of interest, ROI) , 15
B> ROT XIS F- 500 BE F, DL A3 200 e A T
BEASVREE

1.7 SOCE #&n|

SOCE # (R BEAE B ST it o HHAS S 2 1
U R B IR IS, I S T A B T 2 i
H AN N R (AR S N R E GY-ATP
it , DATI 5 S 40 DA 05 P2 O R 38 ) i R G A
SOCE F) 515 B 73838 , I 5 P 7] 2 i i v s n 25 5 25
TR, BEI, 51E A ES N LA 2 SOCE, Bk
R T RET AV A0, WS R SR, LSS B Y
HBSS 9% 3 Wa B R SR 1 mL JC4%5 511
HBSS 8 T R MBI HY 6. HRE )G, ILRAE R
BT AT 1 min UK PR 488 nm, KA K
530 nm, FELEFERI) R TOLEIA Foo MREFR
LA IAZHARE S 2 pmol/ L YT B E | &K (Sigma) Jf:
AL H B IR E , 1) 55 R I AP A B 19
JE2 2 mmol/L B SEALESIR R , KL 10 ming JIA
AL G 5 RO R I BT, TN F,,, DL
b o =R F D DO R AR N N S e R D '
(A[Ca™ ], =F,, ~F,) , I BIF 52 fish % 1 e o8 45 oo 28 2% 1F
LT SOCE, I LA A[ Ca™ ], %35 SOCE 3R
1.8 it F o

TFEZE R x5 78, Western blot 25 5L X R 20
MR N . SR SPSS 16. 0 B AF#EAT ST, 1
BHCECRF ¢ K85, LA P<0.05 Fm 227 BG4 24

2 R

2.1 Ox-LDL 3} 4e HUVEC i 15

& 1 s, ox-LDL % HUVEC [ TER 520 5 ¥
G I E R E . 10 wg/mL ) ox-LDL Xf TER JG
B S8 5200, 25 pe/mL [ ox-LDL 4b3 12 h Py, TER &
W1 284k, 7 24 48 h 5|2 TER AL, (HE5 R LG 11
=, 50,100 g/ mL B ox-LDL 7E 6 h PN %} TER 520
AR HTE 12 h 5] TER A% (5 R0 A X B L
5 A BIREAIG 26. 5% 35. 8% ,P<0.05) , BLAL M 7E 24 h
(5% HRLH HL#E, o0 I FEAR 27. 6% .55. 9%, P<0.05) |
48 h( 5 %F M4 L &, 4 il B AIG 44. 3% . 63. 0%, P<
0.05) SR .
2.2 Ox-LDL & Y VE-cadherin & & % ik 5 3| A2 2}

FREH

T 200 B 4 S 20 ] R % 3 4 A 2 D) A
X, AHFSEREL T ox-LDL % HUVEC 4 if & %5 4k 432 ¢
i [ VE-Cadherin &35 (1% 52 0 LA KOO 20 i B 48 85
F-actin [ 735200, AN 2A 7R, S Nl 45 51 i
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7, Ox-LDL 4b 3R )5 24 48 h, VE-cadherin [ 32158 />
(550} BB He #3402 519% ,63% , P<0.05) . s
KL B R, VE-cadherin 32 %2 43 A F 4i Jffd P, ox-
LDL 4b3H 24 48 h Ji5 , H.FR 6B (® 2B) . F-actin £
TV 20 R A, Aok 22 65 A6 A 40 iR 5 PN R AR 0 A
Wk 2B fi7R, ox-LDL AL HS | F-actin TS FI40 A1 14
RS N AR AE AR O 2 ) AR e b ax s
Z5RAER , ox-LDL 5132 (1) HUVECs 3@ i P iy 34 hmn, =]
5 F-actin FYFE B HES LA K VE-cadherin 1335 FFAIK
AKX,

ox-LDL  ox-LDL
YPREZH 24h#l 48h 4

VE-cadherin(130x10°)— S S

B-actin(42x10°)—

F-actin VE-cadherin

X IR

10 pm
Lo | »
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L | L |
10 pm
—

ox-LDL 24 h 4

ox-LDL 48 h 4

200 +
- AL
ox-LDL 10 pg/mL 24
150 - ox-LDL 25 pg/mL 4

-+ 0x-LDL 50 pg/mL 21
—+—ox-LDL 100 pg/mL 2

1S)
S

BN R HLFH/Q - em™

[
=)

0" 3 6 9 12151821 242730 33 36 39 42 45 48
It [a)/h

a:P<0.05, 5 Rk

B1 #&H HUVECs EARMHEER TER (n=3,xts)

0.8
& 0.6
0.4

0.2+

0
STHRZH ox-LDL ox-LDL
24h4H 48h 4l A

DAPI Merge

10 pm
j—

10 pm 10 pm
Lo | Lo |

A Western blot #) ox-LDL 4 #2 24 48 h J& VE-cadherin %% ;B: %, 7% % £ 42M| VE-cadherin & F-actin #) %35 5 5

a:P<0.05, 5 2 18 20 v 4k

& 2 Ox-LDL Xf HUVECs VE-cadherin K%K FE K F-actin S FH I (n=3,x%s)
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E3 Ox-LDL EZ&{Kk HUVEC H M EEERE

2.3 Ox-LDL ¥ 40 HUVECs 4a féL 9 7 3 45 K &

K FES B TR B (Fluo-3/AM) Al HUVEC [y
BIAYREE 08 3A iR, Ox-LDL( 100 pg/mlL) b3
24 h J5 ,HUVECs (/)i 8545 v B i &35 (5 00 B4 Lt
B 260% , P<0. 05) , &% N B SOCE 41 i 51 2-
APB(50 wmol/L) BHIET, Bl [A]Hf 45 F ox-LDL #1 2-APB
J& A0 M P A v B 5 0 R ZE T e 2 e, Sy
T ox-LDL ZH A Hb 2 0% ( FAIK 68. 4% ,P<0.05) . 1E
ox-LDL Ab 3 48 h Ji5 (&1 3B) , 4 )i P 35 725 5 vk J3E 8 3%
B (50 BRZH ARG I 273% , P<0. 05) |, [] iy 45 %
ox-LDL F1 2-APB Ji5 , 21 Jifd PN i 23 55 0K 2 B B00) IR 21 2
BEhney , B 5 808 285 7 ox-LDL ZH 4H b & B 2 08K 1Y
(F#AK 44. 6% ,P<0.05) , X545 R 27K ox-LDL |
8 HUVECs i 25 55 4k 2 /& SOCE #KH$if1) .

2.4 374 SOCE 78,35 ox-LDL 7| #2 4§ HUVECs i i
P&

HASER 45 R 4278 ox-LDL 5| #Y) HUVECs jil %
PERS AT fE 2 SOCE MMy, o B ik e i, 251
H1 2-APB BH K SOCE, - Wi X} HUVECs 3 i M 1Y 5%
M, 2559 %P, ox-LDL (100 wg/mL) 7£ 6 h 5| TER
RAARR (5[] IS AF X R 2H AH P R AR 31. 5%, P< 0. 05) ,
TER 7£ 12 .24 48 h( 3 3IF&A% 35. 8% .51. 6% .60. 8%)
FEAREE ] 2 (P<0. 05) , &L BE#E SOCE H1li il 71

(n=10~12, ¥+s)

2-APB(50 wmol/L) 355 (&l 4) ,7£ 6 h 112 h,ox-LDL
+2-APB 41 40 i Y TER %) IR 20 JC B i F [, 1 24,
48 h, H TER B0t B A 25 FEAIK (430 A1 30. 7%
34.7,P<0.05) ,{H T F&0E BEAK T ox-LDL 2, #2758 ox-
LDL %} HUVECs 3837 'k it 52 Wi B 58 4, (5 2 /D38 53
st SOCE AR ([l 4) .

2001

=
=

1004

%W&tﬁﬁn/ﬂ cem™
3

1 = xlnaz
ox-LDL+2-APB 2H
- ox-LDL 4

0 36 9 12151821242730333639424548
5} (6] /h

a:P<0.05, 5 sF pg 20 1k 4% ;b . P<0. 05,5 ox-LDL 48 1b3%

B4 &4 HUVECs EAEMEAH TER (n=3,x+s)

2.5 Ox-LDL F1& SOCE #9351 53 #m SOCE #4284 4]
W EPrig 78 ox-LDL fEFT T, HUVECs Jif #4558 i
Jit SOCE i UnEl SA 7R, 7605 85 I 2 nh i
H 25T TG(2 mol/L) J& 5 2528 PN 445 B T4 B, 4%
BN RS — A . S 25 T 45 (2 mmol/L)
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SOCE e i1y i i) X 3 A2 SOCE (97132, LA 0 3] e
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IR T S5 B AN SRR (A As) 5T AGETT, 25
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SOCE [T 3 i B AR H  (H oG it 2 3 2
HETE ox-LDL AL BE 24 h J5 S BUFRIGEHY, T 1E ox-LDL
ALFE 48 h i ) R R (A 45. 8%, P<0.05) .
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SOCE & ¥-38 TE R ] AU SE £, XA AE SOCE ik
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I P B AN D RE S I S Kt R AE AL A 2B 1
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(1 TER, TER 5 41 Jifd [F1] 5 %% 322 42 1) 50 2 Mk %5 DDA O
7T 200 e ) 5 5 1 2 1 0 P 4 2R A 4 4 3 378 12 1)
O BRAERF 98t 22418 TER A by 45000 240 f 38 75 1 1) 48
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Jif B 24 1 HE 370 0 40 ) 3 42 1 2 M AT 5 S TER
fRIER7E .
28 L PR 5 G ) VA B R S S Y i 2 A T
o WEARBIFIT AL B, 40 M PN i 3 455 114 VR 32 5 4 i
Y R P A 2, 2 5 15 VE-cadherin 2 1 1) 7]
U ARHISE & B, ox-LDL 5| 2 HUVECs Jif £ 45 %
B, PRV REBE SOCE (455 BELIBT 2-APB BHIAT,

R E®
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UL ox-LDL X 20 i Ui 125 45 () 52 1 J& SOCE R i 1)
PR ox-LDL 7] 5@ 1 2 1 SOCE T in HUVECs (1) i
BIESHR L, UM T A VE-cadherin 2 [ 1) 3¢ 35 I 52 i)
F-actin & [1A94345 , NI 5 12 TER (R . Bl B BT
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Po
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B R JEE Y T o

Ox-LDL Xif 4 it 388 355 % (1) 52 0 o] RE A7 AE Z FP L]
AR E S SOCE FE A E . BFR SRR
ox-LDL j@ i+ ZE K N K2 40 il SOCE %) ¢ £ bif 8] - 9% 248
L P B AT T R , s WLEZ 3] ox-LDL X} TER £ Jifd B 282
F LRI . R R ALT 2555 5 TER (41 i
SRR A0 L ) 342 2 A O 1 B R, (HAR B0 B A T 5
SEL W B ARG N 2 T S04 M SR 0 40 i TR 34 1 1
PeAs 2 PRI ox-LDL Yo £ Jf 52 2 490 it i) 3% 42
(A FE R 38 32 SOCE A 2 B Uit 15 465 A 728 1777 SE 8K

25 BT, AW RS B, ox-LDL Sl 1 4 K 4
B2 20 SOCE fF42 st [a] L 37 241 f P9 3if7 25 405 vk B, ok
T P I 5% M 40 L 2 ) I 1) R0 40 i) 322 42 1 5 B
5 | 290 B a2 M R 3
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