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Calcium signaling proteins TRPC1 and Orail participate in Ca’* entry and NO gen-

eration mediated by SOC and ROC in human umbilical vein endothelial cell
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[KEY WORDS ] Transient receptor potential canonical 1;  Calcium release-activated calcium modulator 1;  Ca® -
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[ ABSTRACT] Aim  To study the function of TRPC1 and Orail in store and receptor-operated Ca>* entry and nitric
oxide generation by SOC and ROC in human umbilical vein endothelial cell. Methods HUVEC were collected and
cultured to the second-third passage. We silenced the expression of their genes in HUVEC by transfection constructed TR-
PC1 or Orail RNA interference plasmids. The interference efficiency of their proteins and mRNA levels were determined
by Western blot and real-time PCR, respectively. The cell were incubated with CaR agonist spermine, CaR negative al-
losteric modulator Calhex231 and ROC analogue TPA, protein kinase C (PKC) inhibitor Ro31-8220, PKCs and PKCp in-
hibitor Go6967. Intracellular Ca™ concentration ( [ Ca* ]i) was detected using the fluorescence Ca®* indicator Fura-2/
AM, the production of NO was determined by DAF-FM of every group in HUVEC. Results Compared with control
group, shRNA targeted to the TRPC1 or Orail genes decreased their mRNA and protein levels, respectively (P<0.05) ;
The results of their mRNA levels by 84.50% and 76.10% and proteins levels were decreased by 83.98% and 71.73% ; In
four different treatment under the action of factors, the [ Ca® ], and the net NO fluorescence intensity ratio values of trans-
fection of TRPC1shRNA and OrailshRNA group were significantly reduced (P<0.05). Conclusion TRPCI and
Orail participated in CaR-mediated Ca® influx and NO production activation mediated by SOC and ROC in HUVEC.
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HMEL PN B S (Ca™ ) R Z P Z M Eh 515 B A%
I R AT TN N S e 8 B B 4E
—EWRE A BERSPRAT 55 A5 M A D 68, 52 Oxt 4 g
A5 R o AR R I A A R g Wi L A
TS HEHAE . BRCIESE AR A AT S i i A
P4 #538 iE ( store operates cation channels, SOC) Fl3Z
PRHR N 45 38 1B (receptor operated channels, ROC)
SEARMAT A RO Ca®” NI HEEEE , 2 5%
Tl A BRRIG B AR B AR S AR AN I PO S Ca™t Uk
JERE HAT EEAEM . SOC JTE MR A 5T ( endo-
plasmic reticulum, ER) #5 2 #E38 J5 ER BN Ca™ ¥k
JET R, XS Ca® A 1 BE £ 4% ROC 0T AN MO 455 42
FEWE , Xt Ca™ B = M L ) & AL AL
2 M W B R 372 #8 H /7 & 1 ( canonical transient
receptor potential channels, TRPCs) # K EA 7
DURIE T N AN, AR 2243 % T TRPCT /R 3R 1k
PEMESIEIE 25 SOC MR T i H i, =
SRAAFAE TRPCI J& ROC 1943 F 411 i , (BT
BN Z A ATHERY SOC A ROC 231 JEAih Fillf5 X
% BREALF P M (endoplasmic reticulum , ER) A9 i
Y L BT A B /E FH 4> F 1 ( stromal interaction
molecule 1, STIM1) J& 45 % Ca™ & 32 4%, 1 1 52 1H
Ca™ PNV 1 40 B DN B8 , 05 EAZ 45 00 T At IR JE 1
1) TRPC1 K85 B B 4% 38 38 94 55 73 ¥ 1 (calcium
release-activated calcium modulator 1, Orail ), /i
TRPC1 J& Orail 3 IF L, 51 SMSG T, KL
FRIESEAE AR [ 40 o TRPCs  STIMs 1 Orais 7] A
e —ous —ou APk AT SOC 1Y% L, i TR-
PCs. L% ™ 45 22 ( sarcoplasmic reticulum Ca® -AT-
Pase, SERCA ) 1 & 45 & & H ( microtubuleend
bindingprotein, EBI) 82 5 T SOC /i 3 45 1 # 9\
PEES N, B AT AT 55 STIMs | Orais #4545 1t 5 0 45
WIRE AR, MR SOC FEM RIS , TRPCL 5
Orail , STIM1 —#2 A — A~ FE AR AT XF 500 1Y) & A
JEF AR

5T IE 52 40 MY A 85 % 32 1R ( Ca-sensing
receptor, CaR ) 1] DLl i1 JE&SZ U A1 Ca™ Wk ((extra-
cellular Ca® concentration, [ Ca™ ] .) B AE Ak B 421
A0 2 BE. AR N BE ER IR N R 40 L (human
umbilical vein endothelial cell , HUVEC) AT A i
J& AT 20 CaR 5 Ca™ WA — A LA (NO) 4
J, 5% — 3 B AT 48 SOC (4% 1t #E 35 TG SOC) Al
ROC [ H gt H i ( diacylglycerol,DAG) /-5 ], —
HUMEW XSS CaR BUE N FE N NO 2

At AR B H FTFSE B ZIES2 STIMI , Orai2"™) #il
Orai3'* AZ 5 ik A A2 —, Ao
Lt — A BB TRPC1 1 Orail J&75 A CaR £ SOC
FTROC /-3 /Y Ca™ PUFAN NO A BRI AR SC 0 E,
o L7 1 0 B B e DR FH 24 AR L i

1 M#EFTE

L1 RRAEIR

AT 4 B K ¥ R G E F B R
EkA™F, mARBE L RERE(EN KRELS
RETE), ERRARE, FARKENLHY
mERE,FEZERBEERE R 2HAE,
1.2 EEAFILER

¥7 £ M6 4F L (FBS) .0.25% & & B -EDTA
BB FER EEXZHWE Gbeo N ;HHE
ECM 1 & Sciencell /A 7 ;G418 ¥ & Biosharp A & ;
LipofectamineTMZOOO\Fura—2/ AM 5 OPTI-MEM % g
* Invitrogen /&) ;shRNA W E s YR
BAFRANE ;WA KL EDEAHRAF;
# 4 K X #| £ 5 Real time RT-PCR X 7| & 1 #
TaKaRaBioshar /A 5] ; BCA & A W E Ml € & 7 & 5
DAF-FM DA(NO % X35 4F) I B Beyotime A & ; i
L B-Actin 57 B A B AT A TRPCL 2 5 £ 444k
5 HATA Orail % 5% & 4U AW B Abcam A 8 ; — 471
4 B Protein Tech /A~ 8] ; 2 ¥ A& LR A ¥ w3t 0 %k
ERE i

FV300Ca™ % % 4 \FV300 ok 3 R & B 6 4%
A1 IX-70 ] B %L B S B B &K Olympus 2 7 ;
CX-102 % T & WE ZHEREENEELE);
—80°C # 1K i 7k 45 W B Nuaire 7 ; & 2 & #£ 1K R
B HLW A Sigma A FE; A MBRIERAENE
Thermo Electron Corporation /A & ; DYY-4 Z # k {
A1 DYY-I7B & 4% O 8 b~ — &)
1.3 HUVEC $EFMER L

Fe Xk [7-8] 7k, BUE R Z A E T L
HFT AR A . KR R B H Lk R S 10% s 4 R
ty ECM ¥ % 2 (4 100 mg/L H & % 100 mg/L 4%
%F %) I HUVEC, ff 40 Ji £ K £ 90% 6 B K b
R BUARH A K B v 40 B v AT L e, Mg M g
DR DI

EARERXET LEFNEACFRARAR
B RV A OE R A, AR B 5 F R A B Lipo-
fectamine 2000 X | & VL 5 ¥ 4T, & A XHk [5-
6] 77 %, BUM A K 4 HUVEC # /T 6 FLAR (1 2
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A6 FLAR AR ), FF 47 M BE A E 85% B, Al OPTI-
MEM f& % # % & M J& ¥ TRPCIshRNA 5
OrailshRNA 47 # 4 £ HUVEC ¥, 53 4 4 % 8
41 ( Control #41) % Jfi 4L 41 ( Vehicle 41) .shTRPC1 41
A1 shOrail 41,44 3 3., 2 A AEH% )5 24 h 48 h,
72h TRAEHHE T WE Cy3 1 GFP b, &I
B4 48 h i G418(200 mg/L) # AT ¥ 7 X & HU-
VEC % & & % mRNA,AT 1.4 #1 1.5 $ B L
1.4 Real time RT-PCR # il TRPC1, Orail mRNA
Rix

Z B[ 5-6], & F AL 32 41 HUVEC, BURF
J& 3% Trizol R & V6 UA 4 4% 40 il RNA, L3 # %
BN A R B E 4, TRPCL ki 5 4 2 5'-
ATT CTC GCA TTT CCA GTT AAG-3', FiiF 8| 4 =&
5'-TTA CAG ACC AAG GGT TAC CTG CA-3', B-
actin 3% 5] #1 & 5'-ACG GTC AGG TCA TCA CTA
TCG-3", T # 5| 4 & 5'-GGC ATA GAG GTC TTT
ACG GAT G-3', Orail k% 3| 47 & 5'-ACC GGA
GTC ATC GGC AGA A-3', T i 5| 4 & 5'-CCA CCA
GCA TGA AGT CCT TGA G-3', 45l 4% 1 4 F X 7
&5 PCR &7 &4t mRNA #4733 # 5 £ R4 R
BL, F 25 wL RPLRZ#AT PCR 48, DA B4 41 52
BEL 4K,
1.5 SEENEEMEN TRPC1, Orail EHRIE

¥ HUVEC /T 6 FLIRE TIER B4 + 3%
T, EBLE AN GAI8 BfF e FIERAFATA
PBS w ik, R A AMB A RBRAMEE S, EHS
pL BB % B F BCA WA = & & UK E I AR
1, L B-actin # W& & &, EFF 30 ug & AR BK
10% SDS-PAGE ik #H & A, % HHF 1h &,
-5 fm N TRPCI1, Orail & B4 (1 : 1000, 1 :
1200) , 4% B-actin FLAR (1 : 1000) , 4 CHE K L FFE
W, KB A TBST ¥ Ja An Al BL N — 042 R B
B, WEECLAFRZALRANGLE, KB LH %
R ULBHEREL 3K,
1.6 [Ca™], #1 NO gyt&iml

YR HUVEC B8 T %A B3 i
INFEFRIL R A E 85N, Al I N 4
3% . CaR 3 F & B \ROC 4L 7 TPA+CaR 1 14
R M998 3 7 Calhex231 . PKC #7141 7| Ro31-8220 5 %
A PKCs A1 PKC #7 #| 7| Go6967 H| #, 4
[Ca™ ], F2 NO K&,
1.6.1 HUVEC [ Ca™], M% 4 % 48 h ¥ Fura-
2/AM 5445 VL 1 2 499 By L 3R A 5 m N, 37°C

MEAREFEERALE, REEREEN KL
B sh AT 4R 340 F 380 A K LR
5 LA Y R AL (Aratio) B [C32+L,[/‘/L_J:‘/§ﬁﬂ§;
WEL3 R,
1.6.2 NO ;& #ym e # 2 48 h Jg ¥ DAF-FM
DA %% 45 4 7 B R B DAF-FM DA #% 1 : 2000
BN 3TCHBAME ERBLAET, EHK
BT AT S BT R AR R AT B R Ok oY BR
L ,JF i 1t IPA Software 4T 047, DL £ 4 4 L %
L3R,
1.7 SitEHH

&k | SPSS19.0 4t it #k 1t #E AT B4 AT, AR
Mats 7, HAN P HBRUERXAEREF 4
M, FEFHABNFARLREARDEEREZ R ZE
(1SD %), Pk P<0.05 # Z R EAHKITFE L,

2 & R

2.1 shTRPC1,shOrail B Zh## HUVEC

ALY Cy3 FRICAHY shTRPCL J5 , 575 Yy s 2l i)
AR N & 2D 8 0 O A B B g GFP ARl 11
shOrail J& , 5% Y B D) i 20 i 9 &t 2 66,58, 1T I
WLl bR (B 1), ¥ 48 h JF A G418 Fabii
Ji , ATARHEL 909% LA I 1) P v B 4
2.2 HUVEC # TRPC1.0rail AKX mRNA HIRIE
ENEp g

5%t B8 4 R 2 kL 4 B 8, shTRPCL 4,
shOrail 41+ TRPC1 ,Orail 145 F 2635 W B FAR (&
2) AMiHIZR5r 54 83.98% \71.73% ( P<0.05,% 1),
5%} BR 2H F1 5 OB 4H HE 388, shTRPC 4 shOrail 41
o1 TRPC1,Orail mRNA ik B B REAG (K 2) , 30l
ROy H1K 84.50% 76.10% ( P<0.05,% 1) .

* 1. %%/5 HUVEC &4 TRPC1,Orail & HF1 mRNA
HOHMHIE 2+, %)

Table 1. Inhibition ratio of TRPC1 and Orail protein after
transfection in HUVEC (x+s,% )

gy 4 n HEIWHZCE  mRNA #IHIRCR
X R4 3 0.00+0.00 0.00+0.00

23 kL 2H 3 2.20+2.34 3.21£2.28
shTRPC1 4 3 83.98+1.78" 84.50+3.12"
shOrail 24 3 71.73x1.46" 76.10£1.82

a j P<0.05 , S5XHIR4 HH ;b o8 P<0.05, 558 Frkid] o,
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B 1. #5343 E HUVEC F Cy3 $Ri2A) shTRPC1 #1 GFP #R12HJ shOrail ( x20)

A~C HR—EF; D~F Hl—0% & A

FEREY 48 hJETA G418 Gk 72 h IR, A D 78 HAOG T8, B 216020 Cy3 PP (G, E 40k GFP FIPEE (4, C F NEMREN,
Figure 1. Cy3-labelled shTRPC1 and GFP-labelled shOrail were transfected into HUVEC( x20)
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Figure 2. Expression of TRPC1, Orail protein and mRNA after transfected in HUVEC
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X 34 i

2.3.1 %% TRPC1 A B #f SOC #= ROC A~
[Ca™ ], # NO A& % h 55X A Je =3 ook
ZH L%, shTRPCL 4 [ Ca™ ], Aratio {EL Al NO %45
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Figure 3. Dynamic changes of the different treatments on calcium and NO fluorescence intensity induced by SOC and ROC in
shTRPC1-transfected HUVEC (n=3)
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PR SR A 1R] PN 7= AR R B85 Y 3L, SOC WU 7= A 458
AN RPEETER B N, T [ Ca™ ], REEE T AT A
RGN AR, Q2R Y NO 9 A il B A b AR K
SHAREE T LAUEAN Ca™ PN I 76 40 I PN 45 B 1 18 A% 8
5 T & 1 BB AR ) 6T HUVEC T 55 1% N
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%2 SOC.ROC =& i) Ca® R #1 NO T BEZATH (n=3)

AEN
a N P<0.05,5 Control 41 L%,

Figure 4. Dynamic changes of the different treatments on calcium and NO fluorescence intensity induced by SOC and ROC in

shOrail-transfected HUVEC(n=3)
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A SOC HL !, X EEZEIR S SOC 1 L REME—
H,ARTE K SOC ¥ 5 Orail , TRPC1, STIM1 £ 5%,
Klejman 25" FE /N BRI A 4 280 240 B B B 95 o
B, STIM Al Orai 23 7E SOC 44~ 8 1 i H.
ZFIF 2 5 SOCE, STIMs,TRPCs . Orais 1] PIAE
R SR R A Y WY HEAS [ 20 2140 Jifd
*ﬁmmﬁam%iiﬁﬁﬁﬁiﬁﬁﬁmﬁ
J 13 . 1 Liao ‘:—% 4% 3 TRPC/ Orai BE5WS5
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4 TRPC1 ., Orail f#7EY)RE_LAHEAEH , 40 7] g
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BEEYEN TIREINTF ROC™ i Jardin

016148 N /IR & FR Orail 7645 TRPC1-STIMI
FHE AR B TRPC1 T 15085 3 T8 1) 800 A5 2 (it
SOC 5% ROC) R EZAEH
O I I A5 5 0 B 8 By s T N 2Rk B R 08T
) F R, 0 i g s ARG A 2E 40 1 A
RYTIR I LR R LB AR TR a3, Lo
zL‘HwJﬂl”’gﬁfﬁkﬁm%JﬁﬁﬁEﬁkﬁij\]ﬁ&mo b 5
MATTX TRPC 5 Orai A= 92 A4E FH X ALHITR ADFSE
S LA 106 1L A5 5 05 1) R A O R v A R LA
H. SEEGHESE & B CaR 75 HUVEC Ca™ N .
eNOS T HEF NO A jii i 4 JE AR, 145 3 3 A
KA H TRPC1  Orail 1EN 8453 F 4 FTE CaR ¥
T R FEE Ca™ TR I NO Az A5 AH 560 I 9 10
KA R AL R AR T A B W AR X —
WESE TAE W AT I B AR S 56 iy 44 0
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T H SR A 3 3% R e i3 19 TRPCL Al OrailshRNA 43
Sl g HUVEC,, {7 UE 0 B JE P A 800 il AH DG 3R 38
XSRS HUVEC HE0 8 340E SOC F1 ROC i, &
PAE HUVEC H, T8k TRPC1 & Orail AJ 4141 SOC
1 ROC BT [ Ca™ ], FHEFINO A%, BiS
X5 TPA + Calhex231 , Ro31-8220, Go6967 L% &
HUVEC, 4> %% SOC 8 ROC 38 f% , & PLUTER TR-
PC1 .Orail BEA 40 SOC i f& X ] L ROC i@
#%. TRPC1 .Orail ¥4 SOC F1 ROC 14 84> F4H
H, H=#¥H2 57T Soc Ml ROC @M Ca™
WM NO AR,

FEMAE RS CaR Al 380 [ Ca®™ ], Y
NO B JICFI B 38 31 806, 70 R I A5k g B v
FE AU MM AE I 1) & AR R S e 5 AR, i
LIRS SORIR AR A R G2 TRPC1 1 Orail
JATT CaR Tfig i A5 B A Az BEAE R FPLEI 4 T
RIS EA, SIRKIN S, 22 & 7T LLEF X CaR |
TRPC1 5 Orail f1fE 85 AL S S R AR
HEATRE ] 10, JC SR i — 2P Wi TRPCI , Orail 5
CaR 78O ML 45 5 & A2 % JR8 vp i 24 FH R
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