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Regulation of PKC and Protein Tyrosine Phosphorylation on VRCC During the Phenotype

Modulation of Femoral Artery and Vein Smooth Muscle cells

ZHANG Min, LU Xiao-fei, LIU Jie, GUAN Yong-yuan, DU Yan-hua*
(Cardiac & Cerebrovascular Research Center, Zhongshan School of Medicine, Sun Yat-sen University, Guangzhou 510080, China)

Abstract: [ Objective] To compare the differences between the effects of protein kinase C (PKC) and protein tyrosine phosph—
orylation on volume-regulated chloride channel (VRCC) during the phenotype modulation of smooth muscle cells in artery and vein.
[ Methods] We used the whole cell patch clamp to evaluate swelling induced Cl- currents (g, ;) in primay, IV and VII passage rat
femoral artery (FASMC) and vein smooth muscle cells (FVSMC); and the regulative the effects of protein tyrosine kinase (PTK)
inhibitor genistein, protein tyrosine phosphatase (PTP) inhibitor sodium orthovanadate, and PKC activator PDBu on VRCC activity in
these cells were examined. [Results] Hypotonic solution induced larger Iy 4 in FASMC than in FVSMC. PTK inhibitor genistein and
PKC activator PDBu inhibited VRCC activity in both FASMC and FVSMC, and this inhibitory effect was gradually enhanced in the
cells from primary to passage VII. Whereas PTP inhibitor sodium orthovanadate increased VRCC activity in both FASMC and FVSMC,

i BEA:2012-12-17
HEE&TH . EF A RFFEH4 (812300823 81173055;30900578) 5 1 MM i RHL 8135 H (2011)2200077).
TEE R ik fg, L 98 4 E-mail : 2mzzu@163.com;  * BIE1EE  FLHa 1 @805z, 014 G, E~mail ; duyanhua@mail .sysu.edu.cn



388 IR A (A B4R

%345

and this increase was gradually decreased as cell passages increased. Moreover, at the same cell passage, the regulatory effects of

genistein, PDBu, and sodium orthovanadate on VRCC activity were more prominent in FVSMC than in FASMC. [Conclusion] PTK,
PTP, and PKC could regulate VRCC activity, which were more prominent in FVSMC than in FASMC. Moreover, VRCC activity and

the regulatory effects of PKC and protein tyrosine phosphorylation on VRCC were gradually increased as vascular cells switch from

contractile to proliferative phenotypes.

Key words: volume-regulated chloride channel (VRCC) ; artery and vein; phenotype modulation ; vascular smooth muscle cells
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Glucose 10, D-mannitol 70, F§ NMDG &4 pH {&
£ 740,85 KIS (EA 300 mOsm,, LB 414
# (mmol/L):NMDGCI 107, MnCl, 2.5, MgCl, 1.5,
CdCl, 0.5, HEPES 10, Glucose 10, F NMDG i #%
pH {HZ 7.40,1335 K FS(EH A 230m0sm,, =241
Ma4h# (mmol/L) ; NMDGCI 107, MnCl, 2.5, MgCl,
1.5,CdClL, 0.5, HEPES 10, Glucose 10, D —mannitol
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17.40 + 2.63 F1-35.83 + 9.23 ; 3 HWE A 30 wmol/L
genistein F I 2 R 5 LU % E (pA.pF-") 4331
% -8.73 + 2.33,-13.33 + 3.17 fl-23.12 = 6.04,
FE+100 mV B, B AMIRE TR, JRAR 4 188
R FASMC 19 HL i 25 B2 (pA.pF ) 73 S| NS5 5
SR 9.87 +2.10,12.55 + 2.25 Al 11.12 £ 2.10
N AE 33.88 +2.61,54.17 + 4.10 1 100.55 + 5.71
(P < 0.001 vs.iso;n = 6); $HME A 30 wmol/L
genistein 1EFH 20 J5 HL I % B (pA.pF) 43 59 [
% 28.67 £2.07,41.38 = 2.68 1 65.04 £ 5.56 (P <
0.05 vs. hypo;n = 6), il Z 55 N 21.58 +
2.23,31.73 = 3.17 1 42.72 + 3.41% (P < 0.05 vs.
primary passage cells; n=6),

TE-100 mV i}, MEAMRBE ORI, Rt 4
A8 AR EL FVSMC (14 HL 3 %5 £ (pA.pF~") 4351 Ak

E 1 RSENERKTEBRNARE(E-K) LHENER
R HriE
Fig.1 The characteristics of the volume—regulated Cl-
current in II passage rat FASMC and FVYSMC
A: representative traces of Cl~ currents induced by isotonic,
hypotonic solutions in Il passage FASMC and FVSMC; B: Mean
current —voltage relationships for Iy, under isotonic and hypotonic
solutions; C: current densities at =100 mV and +100 mV. 1)P <
0.001 vs. iso; 2)P < 0.05 vs. FASMCs; n = 6.

B ST I -3.25 + 1.47,-3.02 + 0.97 F1-3.96
+ 1.85 & -9.24 + 2.50, -11.06 + 1.93 Fil -
25.72 + 5.01; 3% & HE A 30 wmol/L genistein /£ H]
ERERBIMEE (pApF) 2 BIFEE-6.16 +
2.40,-8.22 + 2.01 f1-13.39 + 3.79, 7E+100 mV
BF, B AMEE O, TR AR 4 AR 8 AR
FVSMC [ HL 37 % B (pA.pF ™) 20 I N 2538 451 F
[ 10.28 + 2.16,11.95 + 1.32 F1 9.98 + 3.71 34 i
% 28.97 £ 3.09,38.13 = 5.55 fll 73.64 £ 7.19 (P <
0.001 vs. iso; n = 6); FEAHEH A 30 wmol/L
genistein 1E F 20 J5 HL % BE (pA.pF") 73 31 B
ZE 22,42 +£2.67,26.04 + 431 #138.28 +3.86 (P<
0.05 vs. hypo; n = 6) . il %5378 33.16 £ 2.65,
46.25 + 3.48 H1 55.57 + 4.68% (P < 0.05 vs. primary
passage cells; P < 0.05 vs. FASMCs; n=6),
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Fig.2 Effect of genistein(Gen) on volume-regulated Cl- current with respect to the progress in male Sprague—Dawley rat

femoral artery smooth muscle cells(FASMC) and femoral vein smooth muscle cells( FVSMC)

A representative traces of the effect of 30 wmol/L genistein on VRCC in primay, IV and VIl passage cells from FASMC and FVSMC; B: mean

current—voltage relationships for Iy, ., ; C: the inhibitory rate of genistein on Iy, 4. 1)P < 0.05 vs. hypo; 2)P < 0.05 vs. FASMC; 3)P < 0.05 vs.

primary passage cells; n = 6.

BB SR (1,0, FLREE B 57
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WHEVE 5T FASMC,

2.3 PTP 4l % sodium orthevanadate ¥t X R
FASMC #1 FVSMC & #3154 S iE I %2

F T P A 1 T S R AR 1 7K T pl T B R TR
Tt I s SR A R A 14 T PR R kil — 2450
Fi R IR LT VRCC (TR VR FRATIES T 1%
IR WEIR BN 157 sodium orthevanadate X 1y . 1
S

WE 3,2 2 fiR 6100 mV i JEAMEBIE
WO, SRR 4 AR 8 AU B FASMC i L I 2% 12
(pA.pF™") Z3 ] W55 8 25 F T i -3.04 + 1.94, -
3.51 + 1.69 F1-3.42 + 3.28 HiMFE-11.06 + 2.16,
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Table 1 Effects of genistein on volume-regulated CI- current in femoral artery and vein smooth muscle cells of

Sprague-Dawley rats

FASMC Current Densities (pA.pF™)

FVSMC Current Densities (pA.pF™)

-100 mV 100 mV -100 mV 100 mV

Primary

Iso -3.05 £ 0.95 9.87 £2.10 -3.25+1.47 10.28 + 2.16

Hypo -11.66 +2.26 33.88 +2.61 -9.24 +2.50 28.97 £ 3.09

genistein -8.73 £2.33 28.67 £ 2.07 -6.16 + 2.40 22.42 +2.67
v

Iso -3.52+£1.79 12.55 £2.25 -3.02 £0.97 11.95 +1.32

Hypo -17.40 £ 2.63 54.17 £ 4.10 -11.06 + 1.93 38.13 £5.55

genistein -13.33 £3.17 41.38 +2.68 -8.22 +2.01 26.04 £ 4.31
VI

Iso -3.72 £3.26 11.12 £2.10 -3.96 + 1.85 9.98 +3.71

Hypo -35.83 £9.23 100.55 +5.71 -25.72 £5.01 73.64 +7.19

genistein -23.12 £ 6.04 65.04 +5.56 -13.39 £ 3.79 38.28 + 3.86

~17.58 + 2.61 Fl1-30.83 + 5.23; £ % #E A 500
wmol/L sodium orthovanadate i 2 £ %2 J5 HL i %
& (pA.pF™) 45BN %E-17.72 + 2.33,-25.72 +
3.17 Fl1-50.72 + 6.04, 7E+100 mV B}, fLAMIC B
WO, T4 4 48 8 AR Bl FASMC 1 Hi I %5 2
(pA.pF ") 73l A B 2544 F 19 10.81 + 2.16,12.54
+2.45 F1 12,12 + 2.10 3N & 38.13 + 2.62,54.47
+4.08 1 100.59 + 5.45(P < 0.001 vs. iso; n = 6);
BB HE N 500 pmol/L sodium orthovanadate 1 FH &
FaE S5 R B (pA.pF") 20 3G fin 2 53.64 +
2.27,73.54 + 2.86 il 132.95 + 5.23 (P < 0.05 vs.
hyposn = 6), HLULH R4 3G N T 53.90 + 3.12,
45.53 +2.78 H1 36.24 + 2.57% (P < 0.05 vs. primary
passage cells; n=6),

1E-100 mV B, MAMEBE ORI, At 4
£ 8 FRKEL FVSMC 11 HL 3 %5 B (pA.pF-") 43 51 Ak
B SN TF IY-3.45 £ 1.21,-3.87 = 1.36 F1-3.26
+ 1.65 B4 &= -9.48 + 2.51, -11.37 = 1.91 Fl-
26.02 + 7.21; % &F ¥ A 500 wmol/L sodium
orthovanadate /EH Z2FE G HIRE B (pA.pF) 7
AN 2 -13.40 + 2.40,-16.77 + 4.64 Fl1-35.83 =
3.79, TE+100 mV B, JAMIGS ORI, TG 4
8 8 AR KL FASMC 114 HL 3 25 &2 (pA.pF") 43 51

LB AT 9.98 £ 2.25,12.15 + 2.37 F110.18 +
3.32 BN A 29.25 + 3.24,38.47 + 4.52 F1 73.68 +
5.19 (P<0.001 vs. iso; n=6); {ZEHA 500
pmol/L sodium orthovanadate 1F H £ %€ J& HL I %
JE (pA.pF-) 23 BN 41.17 + 2.45,52.49 + 3.97
H1103.54 + 4.86(P < 0.05 vs. hypo; n = 6), HLIL %
FESr BRI T 65.28 + 2.94,54.86 = 2.93 Fl 46.98
+2.61% (P < 0.05 vs. primary passage cells; P < 0.05
vs. FASMC; n=6),

IXLEZER N PTP #45¥] sodium orthovanadate
XFJEAR 4 1% 8 ALK Bl FASMC 1 FVSMC 1 1g.,q
PR e, EL PR s A bl AR
TREs , $ER VRCC T 14 A2 i 2 I 5 152 it 11 1A
ARBTG5 A FEACE R FASMC A1 1,
sodium orthovanadate %} FVSMC &5 P& A7
(R HE SR A FH B3 | #2728 FVSMC (1) VRCC 52 g & iR
TR W (9 R 74 3 T FASMC.,

24 PKC # zh 7 PDBu f X & FASMC #1
FVSMC FRiATESEERN N

WK 4,3 3 s 7E-100mV i, JIAMES %
WORNEL, JAR 4 48 8 AR Rl FASMC 1 Hi I %5 2
(pA.pF ") B MNAEB 55 T 19-4.49 + 2.74,-3.51
+1.79 F1-3.50 + 2.35 HE M E-11.78 + 2.31,-17.41
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Inhibitory rate of VAN/%
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E 3 PTP ##I5 sodium orthovanadate X}k iR FASMC #1 FVSMC Z 28 %5 14 &8 18 #9821
Fig.3 Effect of sodium orthovanadate (VAN) on volume-regulated Cl- current with respect to the progress in male
Sprague—Dawley rat femoral artery smooth muscle cells (FASMC) and femoral vein smooth muscle cells (FVSMC)

A representative traces of the effect of 500pumol/L sodium orthovanadate on VRCC in primay,

IV and VIl passage cells from FASMC and

FVSMC; B: mean current—voltage relationships for I, ; C: the incremental rate of sodium orthovanadate on ICl, vol in FASMC and FVSMC. 1)P <
0.05 vs. hypo; 2)P < 0.05 vs. FASMC; 3)P < 0.05 vs. primary passage cells; n = 6.

+2.58 Fl1-35.97 + 5.34; 3 E W A 100 nmol /L PKC
(13 sh 57 PDBu /R H] 2 880E 5 LI % FE (pA.pF)
Iy A -9.13 + 2.64,-11.06 + 3.25 F1-23.58 +
5.27, FE+100 mV B, JAMIGS ORI, TG 4
R 8 AR KL FASMC (1) HL 3 25 &2 (pA.pF") 43 51 A
LB TRI 9.74 +2.11,12.22 + 2,17 F112.14 +
2.13 B ZE 34.23 + 3.91,52.23 + 3.19 1 97.54 +
5.22(P < 0.001 vs. iso; n = 6); #& # A 100 nmol/
L PDBu 1FH 2 480E 5 HL I 2 BE (pA.pF) 3 7l B &2
27.87 + 2.37,39.13 =+ 3.28 Fl 69.24 + 4.57 (P <
0.05 vs. hypo; n = 6) . 135528 21.37 £ 2.33,

28.43 + 2.67 H1 38.42 + 2.49% (P<0.05 vs. primary
passage cells; n=6),

1E-100 mV B, MAMEBE ORI, Rt 4
£ 8 FRKEL FVSMC 11 HL 3 % & (pA.pF~") 43 1 A
B 5N HY-4.27 £ 2.17,-3.03 = 1.02 F1-4.16
+2.07 BN ZE-9.47 + 2.91,-13.34 + 1.96 F1-25.21
+5.43; 35 A 100 nmol/L PDBu 1F ] 254 5E
LU 2% B2 (pA.pF ) 43 il B 22 -6.46 + 2.38,-8.53 +
3.64 Fl1-12.94 + 2.45, 7E+100 mV B, Jg /M5B V%
ORI, JAR 4 48 8 ARK B FASMC 1) H UL %% 2
(pA.pF ") 33l NEEB 2541 F 19 10.87 + 2.75,12.02
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Table 2 Effects of sodium orthovanadate (VAN) on volume-regulated CI- current in femoral artery and vein smooth

muscle cells of Sprague-Dawley rats

FASMC Current Densities (pA.pF™)

FVSMC Current Densities (pA.pF™)

-100 mV 100 mV -100 mV 100 mV
Primary
Iso -3.04 + 1.94 10.81 £ 2.16 -3.45+1.21 9.98 +2.25
Hypo -11.06 + 2.16 38.13 £2.62 -9.48 £ 2.51 29.25+£3.24
PDBu -17.72 +2.33 53.64 +2.27 -13.40 +2.40 41.17 £2.45
\Y
Iso -3.51+1.69 12.54 £ 2.45 -3.87 £ 1.36 12.15 £ 2.37
Hypo -17.58 +2.61 54.47 + 4.08 -11.37 £ 1.91 38.47 £ 4.52
PDBu -25.72 + 3.17 73.54 +2.86 -16.77 + 4.64 52.49 +3.97
VIl
Iso -3.42 +3.28 12.12 £ 2.10 -3.26 + 1.65 10.18 £ 3.32
Hypo -30.83 +5.23 100.59 + 5.45 -26.02 +7.21 73.68 +5.19
PDBu -50.72 + 6.04 132.95 £ 5.23 -35.83 +3.79 103.54 + 4.86
B F A-PRI hypo
. &2 'A-PRI PDBu
iso hypo 100 nmol/I. PDBu 100 B FA IV hypo
ESSIFA-IV PDBu
PRI s AVl hypo
|| 22 FA-VIl PDBu
EZZ2 FV-PRI hypo
N ZZ7 FV-PRI PDBu
FA b 50| ESFV-N hypo 1)
= ESSFV-IV PDBu
ZnA l = FV-VII hypo
100ms é 1|&2Z2 FV-Vll PDBu
Ve . ———— —— = ol
I\
B
,50-.
FA | : !
2nA
nAl__ 2)3)
100ms FASMC
- R | | 60 {|[CJFVSMC 23)
s
v E 2 3
2 40 1
=
& 3
< 4
3
FA - E
' Ea0
=
_=
E -
FV -
e e 0
' TA PRI Vi Vil
C
cell passage
Bl 4 PKC #zh%| PDBu Xt X & FASMC #1 FVSMC ZF2 8 ¥ 14 S0 & B9 5 1

Fig.4 Effect of PDBu on volume-regulated CI- current with respect to the progress in male Sprague—Dawley rat femoral

artery smooth muscle cells (FA) and femoral vein smooth muscle cells (FV)
A representative traces of the effect of 100 nmol/L PDBu in FA and FV from primay,

IV and VIl passage cells;

B:

mean current—voltage

relationships for I, ,,; C: the inhibitory rate of PDBu on I, ;. 1)P < 0.05 vs. hypo; 2)P < 0.05 vs. FASMC; 3)P < 0.05 vs. primary passage cells; n = 6.
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Table 3 Effects of PDBu on volume-regulated CI™ current in femoral artery and vein smooth muscle cells of

Sprague-Dawley rats

FASMC Current Densities (pA.pF™)

FVSMC Current Densities (pA.pF™")

-100 mV 100 mV -100 mV 100 mV

Primary

Iso -4.49 +2.74 9.74 £ 2.11 -4.27 £ 2.17 10.87 + 2.75

Hypo -11.78 = 2.31 3423 +3.91 -9.47 £ 2.91 28.93 +3.01

PDBu -9.13 £ 2.64 27.87 +2.37 —-6.46 + 2.38 20.22 +2.46
I\

Iso -3.51+£1.79 12.22 +2.17 -3.03 £ 1.02 12.02 + 1.32

Hypo -17.41 £ 2.58 52.23 £3.19 -13.34 = 1.96 42.18 £5.52

PDBu -11.06 £ 3.25 39.13 +3.28 -8.53 £3.64 25.73 +5.27
I

Iso -3.50 £ 2.35 12.14 £ 2.13 -4.16 £ 2.07 10.76 + 2.61

Hypo -35.97 £ 5.34 97.54 £5.22 -25.21 £5.43 74.63 £ 6.19

PDBu -23.58 £5.27 69.24 + 4.57 -12.94 £ 2.45 39.78 £ 3.77

+ 1.32 F110.76 = 2.61 3= 28.93 + 3.01,42.18
+5.52 Fl1 74.63 + 6.19(P < 0.001 vs. iso; n = 6) ;4%
FHUEA 100 nmol /L PDBu E FH Z 52 5 Ji v I 2% )&
(pA.pF) 23 5lf & 20.22 + 2.46,25.73 + 5.27 Al
39.78 + 3.77(P < 0.05 vs. hypo; n = 6), iR
WA 36.64 + 3.21,51.33 + 3.73 F1 60.16 + 3.71%
(P < 0.05 vs.
FASMCs-n=6)

XL R 1AM 45 T 100 nmol /L PKC i
315 PDBu 7] B AR A0 A 1o, FLBEE B FRAREL
A3 3 400 A FH 320 3 14 K, #2278 PKC 1 3]
5 VRCC 1M, HLscRp 7 45 E Bl 20 B A
AR 1) A R I A AT 2 N 5 A AR
FASMC #H It , PDBu Xf FVSMC 1% & %5 Wi I 1)
VRCC I Z K, 78 FVSMC 3% PKC
YE 3% T FASMC

primary passage cells; P < 0.05 vs.

3 9 #

20 42 90 AEAR LK, BAF X SaEE T T K
HTZ RS AR TSGR TE (VRCC) BRI
MMAEBUL, WAV 2 A P R v R AR, 4
20 LB PV R | AR A Ay 2 ) 3 B

oAb AR EIERS | A AR B R TR P R - A
SRl VRCC W] 45 200 ek Ji K% el 2% 4 it A1 i 12 i
FEFFH0 , [RRER AT 7RSSR ARG O0 T 8 o ol 2
200 0 A 5 B TR L (R LA 1 0 A6 AN
PAENLHEA L ARTE R, M HIE AR kR W
BTk AR IR BT 2B R
JiL P 1 — S8 2R S TT AR 2 S R T SRR
SURIE A FF L, FRATIAE A0 IS LA A A A
FRI,PKC FIE AR AMRBRILGE 5SS
PEFEE A1O 200 i P PP 25 R 1 P S T R
FLF sl Rk ) A= BRI BE LA KW & I YEPE VRCC (1)
Z5 AR5 KB PTK K& PKC X} VRCC (13X — 1
FEAESNFR KA - LA AP 25 5, R
SRy R T R A | T R ol R e A R 1 B
Xof JBERE KT Vi LR AL VRCC (438 5 78 FH i T 1 3l
JCF-T LA, X — & 0k LAt s e ik A Bl o
RERE Ak I F A S BRI 0 25 Se4Rit T — 2t
BLE,

T 1R 0L N 3 ik ok e R A & e el R v 2
MM, FHN VSMC R I 45 1 5% ) 36 7
I L B AR A DG SRR T v B AR A
PR 1M 37t 8 3 2 AR AL SN R 2 it A8 4 45 ke
[ VSMC G35 IR T JE -2 Bk, 17
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T UL S AR A v 1M 3 ko R A L A o
R A S5 PR AS A0 ISR VSMC 3458 AT 7%
M OCHRPERR IR AP TR, R SR 1 e (7] 17 & s ik
filf, {H VSMC ALY R 54000555
SZEMIRYI R M AT T, RATELR AT
Wi TAEJRIERT VRCC 78 3k L% v AR, B
2 55 S kT U LA ) R R AL, AR ST
BB T 25 VRCC WK PTK & PKC i@
& AE Bl ROT- T LA ) R R A R b R S A
Ak S IR, T R A 1 R AL VA AR T AE
BRI LA 38 s s fa B, iR
FIEGE C XF VRCC 8 30 i 1 FH At 2 28 i 1 5 1
PR AT Ak 1 5 TR, o i 2 R TR ) TR A
PP BURE, X450 5 & iR B VRCC
TR T 2 T2 VAR it 1 356 PR B e I R AR W) B Y, 3X
— BT BB T T AR R L R B YA e IR A
B Kk o3 A R 0 A A5 I S B
B VE FHAE A

ZE LAk, AT & B PKC K BRI 2 PR
TR AV 5300 B JBC i K- 5 LA S VRCC |30 79
V58 T RS kT LA AR, LBt o5 10 71 AL
240 6 P WAL 4 7R ) B LR B Ak VRCC 1 T 1 %
SR B 11 BRI AL R 5V X A 3 W SR Y
P I C X VRCC A AR A 48 o
aH X — & Ry ik — 25 B 20 ok R g ok a4
SRR PR TR T REM R
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