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(& ZE] BB 178-ME FE (17B-estraial , E2) %A BL45 1 °F ¥ WLATHE (smooth muscle cell, SMC) RhoA/ROCK i % 11 5
Wi, F5i%k s RSN B 15 5% Sprague-Dawley (SD) K U457 SMCs. 4 I 535 26 e AR B WLZE ROCK T M\ 2 32K (ER)o 5 oL 5l
1 (o-SMA)IEZRIR o AN A B AN W] B 8] B2 B3OS, DA 3% i S 9 28 £ qRT-PCR  Western blot £ 1] RhoA \ROCK1 3
iko AN[AHEEE ROCK #1771 Y27632 Jlli#s , Western blot Kl E2 X R i8R 3R A 15 0L . WAEE ER BHII7) IC1182780 . 4= IfiL i
F 86 14540 E2(BSA-E2) \ERad 517 PPT & ERBELSN7) DPN 15 E2 #0i RhoA \ROCK1 FIA1E . #48 ERa . ERBHY siR-
NA, M B2 J S5 U4 J5 SMC o RhoA \ROCK1 IR IWFEM . &5 5 - Al Jif f 9% 5O /R 251/ SMC I ROCK1 5 a-SMA 323k,
50 nmol/L E2 FJ3# 24 h 7] i Z 30 K BL45 1 SMC | RhoA \ROCK1 23k (P < 0.05) . Y27632 7] ¥ B MO ) F 37 56 141 p-
MYPT1.p-CPI17 .p-MLC 3k, E24H % PPT 21 RhoA \ROCK1 223k 8 ML T HAB A 41 (P < 0.05) . ERa siRNA 417 |- RhoA\
ROCK1 #E3E(P < 0.05), 458 : KEZEH SMC _FAFE7E ROCK T, E2 A 3l RhoA/ROCK T8 B{ 3% , %A i MM o2 (A
(388 ] M % ; RhoA/ROCK 4 ; - UL ; 45
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Estradiol regulates the expression of RhoA/ROCK pathway in rat colonic smooth muscle

cells in an estrogen receptor a-dependent manner
JIANG Ling, TANG Yurong, XIONG Wenjie, YU Ting,ZHENG Yongping,SHEN Xiaoxue, LIN Lin"
Department of Gastroenterology ,the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: The aim of the study was to investigate the effect of 178 -estradiol (E2) on the expression of RhoA/ROCK
pathway in rat colon smooth muscle cells (SMC). Methods: Sprague - Dawley rat colonic SMCs were isolated and cultured in wvitro.
Double immunofluorescence staining was used to observe the expression of ROCK1/ERa and a-actin. After stimulation with E2 at
different concentrations and different times, the expression of RhoA and ROCK1 were detected by reverse transcription real - time
quantitative PCR (qRT)-PCR and Western blot. After stimulation with different concentrations of ROCK inhibitor Y27632 and 178-
estradiol , the expression of ROCK downstream protein was detected by Western blot. The effects of estrogen receptor (ER ) inhibitor
ICI182780, bovine serum albumin - bound (BSA -E2) , ERa selective agonist propyl pyrazole triol (PPT) and ERB selective agonist
diarylpropiolnitrile (DPN) on RhoA/ROCK pathway expression were observed. The ERa and ERB siRNAs were constructed, and the
effects of E2 stimulation on the expression of RhoA and ROCK1 in SMCs were observed. Results: Double immunofluorescence
staining showed that ROCK1 and a-SMA co-expressed in rat colon SMC. Treatment with 50 nmol/L. E2 for 24 h could significantly
inhibit the expression of RhoA and ROCK1 (P < 0.05). ROCK inhibitor Y27632 inhibited the expression of downstream proteins p-
MYPT1, p-CPI17 and p-MLC in a concentration-dependent manner. The expressions of RhoA and ROCK1 in E2 group and PPT group
were significantly lower than those in other groups (P < 0.05). The expressions of RhoA /ROCK1 in ERa siRNA group were higher
than those in control group(P < 0.05). Conclusion: ROCK1 is localized in rat colonic SMCs ,and E2 inhibits the RhoA/ROCK pathway
in an ERa-dependant manner.

[Key words] estradiol ; RhoA/ROCK pathway ; smooth muscle ; colon
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12 P48 b (chronic constipation, CC) J& 42 ER 5 il
P ULIG S B D) RE B AP , T B R AT B0
it R A 305 S5 B, A 22 i I A B R AT
BB S B o, B [ 8.29% 1 N REAZ (HF
WL (L1200, B B2y -k 1:2.3%  F A
WARMIIE L R ™, Sh etk I ]
PR R Wiz s, BUE R A= BRI, ME R
145 1 13 WL (smooth muscle cell , SMC) Y45 AL
il 1 A 2 4 B

WIBRER AR EE (MLC) B R fb /K T 2 R Sk
JULYSC 45 i B ) S R 2% . MILC B R Th /K - 52 45 15
T8 ] R RO ) ILER B 11 e SR (MILCK) A1
5 15 - AR A ) LK B 1 1R 1 (MILCP) fi9 AU EE
W57, RhoA/ROCK 38 P& J2 I ¥ MLCP I M /% 3=
BLIE 2 — CESEEAR LD =, W 1EJ5 1 ROCK F
B I 2 A AR MLCP 376 M« H— i 1 iR
A MLCP #7475 W8 MYPT, fif o2k 4k MLC
I B R AL B RE T, 40 ST PR IR b MILC K47,
oS- LM & 5 e e Wl R Ak — T LR S
PEBSEE 1 CPI-17, i H & A — ZR 50 # 42 ele 725 T 4 o
MLCP {ifPE ", BIFSE & BME S 3 mT 10 ok sed ok Js
b IR IE IS 5T WL RhoA/ROCK k1
I, AT B A 2R MK PR 173 — B (1783~
estraiol , , E2)XJ KR &5 7~F-15 LI RhoA/ROCK i 4%
FISEIR , SR AT MR AH DGR AL 55 1 s 3 ) e fis:
PRI A

1 MEFAEE

1.1 ##

T8 17 M PE Sprague-Dawley (SD) K B, 10 H #%
[ Bt BERN R S g sh Wy o AR AL, BAKIIES SCXK
(77)2016-000] ., DMEM K532 .5 5 K -IK KEE R
XL (Hyclone 22w, 2 ), ff 4= 1387 11 789 fie it iy
(Gibco AT, /), E2 A= ILH P 11 (BSA) Z5A Y
E2(BSA-E2) MERE A2 /R BH T 1C1182780 Ml 2=
% M o (EReu) 6 £ P 38 80 71 PPT M 38 % =2 14 B
(ERB) & 4 P i 3 ¥ DPN (Sigma /A ] , £ H ),
ROCK 1] 7 Y27632 (Selleck 23 ] , £ [H ) , RhoA .
ROCKI1 ,a- L3 1 (a-SMA ) HLAK (Abcam 23 7 , 58
),p-MYPT1 .p-CPI17 .p-MLC . B-actin Hi {4 (CST 24
A, 3 ), ERa . ERBHLMA (Santa Cruz 28 F] , ) ,
HAR T A AR 2 1L P09 1eG —$T .DAPL.BCA
FEHEERAECGEARAH), Cy3brid 2P
IgG 3t .FITC Aic L S5t/ B IgG —HT (Bioworld

5], ), Super ECL b2 % 6157 £ (Thermo 23y
A, 2 [, ik & (TaKaRa 287, HAS) o

0 5% F2 46 (Thermo 28 7], 27 ) |, FFbR X (Mo-
lecular Devices 2~ Al , F [ ) , 8 F K ML RS
(Bio-Rad 24wl , £ ), &E e R 53 B R 4t (GE
Healthcare 23 ), £ [H ) .
12 7%
12.1  KRALWHSMC 8o 5 R IE5R

A2 12~15 d SD MEPE R FRIBT #5140 8 , F ALT)
122 em BRE5 W 5~7 em 2247, L) PBS 25 i R i &
M, ZS R BRI E AR, B ILZH 2L A
10% 11 B BB AL WL, AT AK 5 min, 1 500 1/min
B0 5 min, 7 B O EEGEG 3R Y 10% 06
A= 1L 74 A DMEM 35 352 2% 1 A0 0F B2 4 L5
i R T RS IR, T 37 °C . 5%CO, 51 F 137, 4
JHf s R A YR o

T SMC K =385 B2 ), LA PBS #t , 0.25%J#
R I BEE K 3~5 min, LA RHAFR 5 10% i 25 107
) DMEM 15 3% W 26 1k 0H Ak o WO g 430 4 i i A
15 mLB.04%, 1 000 r/min B0 5 min, 3225 115, 4
MVTIE FHoE R IR i, UL 1:2~1:4 LR T
[ ARSI,
1.2.2 458 SMC # 47 ROCK1/ERa 5 a-SMA %%
AR

ORI K Y SMC L 0.25% 8 [ i 4L , 61
PR AR, Pl R RO R AR SR 1L, T CO,
B FRAARE IR 1~3 d, £ SMC K Z P2, 175550,
PIPBS ¥t 1 YK, i 100% VKN i [ 2 10 min, PBS ik
3R, YR 10 min, JI 10% 1102 L35 1T 1 h, SR )5 T
ZI M, 23 B a-SMA —HT (ZNEL 1:100) Al
ROCK1 —#i (% 1:100) , Bioc-SMA —$i (4 1:100)
FIERa—PL(/NEL1:50) , M BN In—41, 4 Cid
3 PBS Wk 3 ¥, £ YK 10 min, &%, Il Cy3 FRic Ll
FPi % 1gG T (1:100) A1 FITC brid th 2Pt/ i
IeG P (1:100),37 CHFE 1 h, PBS #hyk 3 Uk, B:IK
10 min; DAPI 4% 10 min, PBS 95 3 %, 57K 10 min,
B R M DG . o-SMA T % 5E B JR I &%
g smce,
123 SMCF7a

IS 2~3 4% SMC, PBS ik i JE i ¥ (1) DMEM
BEFRUR 12 ho SRIBEN LB R0 TRE L4 -
E2 ARl EEZH (0.10.50.100 nmol/L, 24 h) ; E2 A [f]
M E2H (0.6.12.24 .48 h) ; Western blot A1 3205 2 Y6
E 1 (qRT)-PCR K1 SMC 1 RhoA \ROCK 1 7& [ Fll
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mRNA Rk K AR5 0 Y E2 S5 vk B S st ] i
A7 AT 5256 - ROCK A1) 7] Y27632 AN [ M FE4H (1.
5.10.25.50 wmol/L) : Y27632 Tl AL ¥ 1 h Ji5 , N
50 nmol/L E2 [ ICILTF 15 72 W ; 0 IRAH (C4H) -
2 wL DMSO B TC Il 38 35 729 3 E2 41 : 7% 50 nmol/L
E2 (IS 5555980 PPT 4 5 1 mol/L PPT (1) JG 1ML
TG IR DPN 40 . & 1 wmol/L DPN A4 JC IfiL 5 15 57
W 1CT1827804H : 1 umol/L IC1182780 kb BH 1 h )i,
JE 50 nmol/L E2 1) TG I i 45 72 ; BSA-E2 41 : 7%
50 nmol/L. BSA-E2 [ JC Il 7 K5 29 ; 11 24 h, HF
Y S2E . IE ) DMSO Y 29k B AN i 1%,
DI ESEER A R 3R,

1.2.4 Western blot %1 SMC ¥ RhoA/ROCK i@ 34
Eakik

RIPA S W 24 20 B, R B A M A 1

BCA WLl 5 2 IV EE o B TKIE A 40~60 pg 21

£, 17 SDS-PAGE #E i FEL VK , HL UK 45 35 1 2
%% 2 PVDF IR -, 5% MR WA i W BT A1 2 h, 43 9]
JIA RhoA Hii44 (1:1 000) \ROCK1 LA (1:1 000) .
p-MYPT1 #7744 (1:1 000) .p-CPI17 Hif& (1:1000)
p-MLCHiLA (1:1 000) . B-actin L4 (1:1 000) ,4 °C
B 1, TBST YRR 3 UK, B UK 10 min, IILABAR i
FALHIEFRICH) —H0(1:1 000),37 CHFHF 1 h, ECL
W5, BER R RGN T, LB-actin AN S,
125 5= aF 3% k2 % (qRT) -PCR % # 0] SMC ¥
RhoA .ROCK1 mRNA % ik

% TRIzol 171 Ui B 45, $2 A5 41 20 51 RNA
HRAE TaKaRa i85 GBI, 3% 10 pLAK R Rl
cDNA. LIFRTFHHY cDNA AHARAT qRT-PCR Y 3 5 L
% 451295 °C 30 5395 °C 5 5,60 °C 20 s, 40 MG,
&4 A shid 9 &I Pt B CoE, LA
GAPDH /EN N2, RhoA L3545 -GTTTATGT-
GCCCACGGTGTT-3", R[4 5’ -ACTATCAGGGC-
TGTCGATGG-3"; ROCK1 L7 51 # 5'-TGTGAAG -
CCTGACAACATGC-3", N #5141 5’ -CTGACCAC-
CAGTCACACTCT-3"; GAPDH F{i#51%#)5'-GGCCTT-
CCGTGTTCCTACC-3', MiE5 4 5 -CGCCTGCTTCA-
CCACCTTC-3',

1.2.6 354k E2 47 4] RhoA/ROCK i 3% 49 4 = 1k
(ERa# ERB)

A ERa ERB i siRNA , FR& 04K &
30%~50% , F G T 1K Lipo2000™ ¥ ER« siRNA \ERB
siRNA 435155 Yt 25 SMC 1, IVLER ERa 5] ERB %
ik, qRT-PCR % e Jesfi e, 141 A LT 4l - OX) R

siRNA 41 ; @ER« siRNA 2 ; O ERB siRNA 41, #4 4¢
48 h J5 7 50 nmol/L E2 §i|3# , qRT-PCR , Western blot
£ RhoA \ROCK1 £ 1 &2 mRNA 3Rik . DI b 5E5
HEHE IR,
13 %it®sik

i FH SPSS 20.0 Ze itk 4, SESHR 0 2 K-S K
B AT B WE SR BT, A B Y 2RSS A
B AR bR e 25 (3 = s) F s 25411 HUASSR FH B
R 28 07 2250 B A SNK TR P L, P < 0.05 2 5%
At Lo

2 # R

2.1 % SMC %% A ROCKI . ERa &k ik

GIETBRES R R 45 SMC 335 ROCK T
ERa(KEl1),

2.2 AREVRE AR E B A E2 48 KR 4 B SMC
¥ RhoA \ROCK1 %& & F2 mRNA 34 #9757

10.50. 100 nmol/L. E2 £ RhoA .ROCK1 % [ %
mRNA FEEIET 0 nmol/L X FRZ , B e ka4 ,
50 nmol/L 215 100 nmol/L. 40 2= S LSe35 X,
H 50 nmol/L R E2 Foidi e FE (K 2) .

50 nmol/L, E2 Jil #4445 i SMC 6. 12,24 .48 h 4
RhoA .ROCK1 75 [ & mRNA ik ¥ T 0 h XF B4
SRR, K 24 h 241 5 48 hdl 22 R RS+
L5024 h R ] (E13)

2.3 REREROCK #7471 Y27632 2F £ T ik & &
Kk ¥R

5.10.25.50 wmol/L Y27632 £ T it {5 5 & A
p-MYPT1,p-CPI17 . p-MLC 35 2K T 0 wmol/L,
BRI, 22 A gt (P < 0.05),1 pmol/L
HEAFEXIMET 0 pmol/L, (B2 F I 5 25 X
(P>0.05,K4),

2.4 %€ E247%) RhoA/ROCK i 3549 % 4k KA

E2 41 RhoA .ROCK1 % [ S mRNA ik i A%
FC41, B2 IR 5h7) DPN 41 \I1CI 182780 41 \BSA-E2
2 RhoA \ROCK1 %5 4 % mRNA 5 %} B 41 JC B & 22
5o a2 N7 PPT 20 RhoA . ROCK1 & H &
mRNA F&R 7R BAK T C 41 (P#<0.05,85).

2.5 B29EE2494) RhoA/ROCK i 584 4 % 1k

YL AIE . ERoc siRNA \ERB siRNA #4 e 4%
7 SMC J& , & mRNA 23k #4 & 2ZI% F 4% Y X i 4
(16A),

siRNA #£L SMC 48 h J5 7 E2 Jl3# , ERa siRNA
2 RhoA \ROCK1 #5 4 }2 mRNA %35 &5 T-%f BE 20 ([&]
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A DAPI a-SMA ROCK1 Merge

B DAPI a-SMA ERa Merge

C DAPI a-SMA ERa Merge

A 4507 SMC | ROCK1 355 B: 2517 SMC | ERa#3k 5 C - BAPE X IR (FiE 5, x400)
1 XR%# SMC 1 ROCK1,.ERafI R i%E
Figure 1 Expression of ROCK1 and ER« in rat colon SMC

E2(mol/L) 15- Bys,
0 10 50 100 CIRhoA « CIRhoA
RhoA 4 s s s 2] kD2 jsglo = ROCK1 1o = ROCK 1
. K1
ROCK] (D @s analh @ (53kDa % EE
o
= <
B-actin (D GED @D @ /- kD2 ;@0.5 1 Z 051
E
0.0- 0.0 -
0 10 50 100 0 10 50 100 0 10 50 100 0 10 50 100
E2(nmol/L) E2(nmol/L)

A E2VEF 24 h 53 FEARH MM H RhoA \ROCK1 2 113635, 5 0 nmol/L 41 FL#E,"P< 0.05; B: E2 S FEMRA M ] RhoA \ROCK1 mRNA 2
K, 450 nmol/L 41 HL#%,"P < 0.05.
B2 AEREE2H# 24 h 3 KR % SMC H RhoA .ROCK1 3R 3E I 22T
Figure 2 Effects of E2 with different concentrations on RhoA and ROCK1 expression in rat colon SMCs

6B),ERB siRNA 41 5%} IRZ 22 R TG0 i Lo PN )R O R TV B =1 S i P v N
3 W FAEH W sh J1 s R e R, £

AT ST S MECER T S B e 5 PRI S B A
E B B B R R R T I 22k, I ILO AR A P LA e B B A
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20204E2 A
B
A
£2(50 nmol/L.) 1.5 CRhoA 15 I RhoA
Oh 6h 12h 24h 48h P = ROCK1 X mROCK1
ROCK] @ e s s e 158 kD 1 10 *{é 1.0
=™
RhoA () S0 W s S 21 D2 =, igos
B—actin. - =y - -44 kDa @ ’ % ’
g

‘ 0.0 '
0 6122448 0 6 122448 Wl (h) 0 6122448 0 6

E2(50 nmol/L) E2(50 nmol/L)

A E2 SRR RhoA \ROCK 1 2K 43535, 5 0 hZH L4, P < 0.05; B E2 I [T RhoA \ROCK1 mRNA 335, 50 h4H It
5P <0.05,

1224 8 ] Ch)

B3 50 nmol/L E2 RIBA F & E)Xt K BRZ5 5 SMC H RhoA .ROCK ik HI £ 01
Figure 3 Effect of 50 nmol/LL E2 on RhoA and ROCKT1 expression in rat colonic SMC at different time

Y27632(pmol/l.) 1.0 1 p-MYPT1
0 1 5 10 25 50 ;JS#J 0.8 = EZE{L‘?
P-MYPT] s e e o - s 140 kDa = 0.6
P-CPI17 [ — — — |7 kD2 % 0.4
p-MLC M S S S e () ]y ¥ 0.2
Bractin M D S D A - 0.0 PR

0 1 5102550 0 1 5102550 0 1 5102550

Y27632(pmol/L)
Y27632 SR EER AN il ROCK R 13815, 5 0 pmol/LAT LA, "P < 0.05,

El4 AEREROCKINFIFY27632 X H TS O RiLHI T

Figure 4 Effect of ROCK inhibitor Y27632 with different concentrations on its downstream protein expression

B 159 DORnoa
A CIRhoA —
N o mROCKI g | EROOK
b TS A Y # 0.6 ®
H TS OE %;j 2 10-
ROCK] w158 kD2 = 0.4 i‘;é
RhoA s wve we @mm o s 2] kDa -E 0.2 50.5—
. e E ,
Proilli) ey s - ——— 1| ]2 0.0 )
»&W%w R BRI 0.0- A
RSN SRRENHH SRR
¥ ¥ SEFTRYT TSRFTRY

A:E241 % PPTZH RhoA \ROCK 1 515 B A% T HANAS 2, P < 0.05;B: E2 2 52 PPT2H RhoA \ROCK T mRNA F5k BEK THABA4H, P < 0.05.
E5 %FE2#0% RhoA/ROCK i#E B Z R F B
Figure 5 Identification of receptor types that E2 inhibits RhoA/ROCK pathway

A B
‘ 6
9 s P S B A
£ =10 EANC ST z,
205 . Z0s S & z
00 3 o g S S
o= 0. 0.0 VR WY Wi (MR Ui Wi
57 NCHIERasiRNAZL 5 NCALERBiRNAZ] oA — — 2 D2 O OO
B-actin - . kDa PP RN\

A:ERa siRNA \ERB siRNA FEYLSCRIGIE, 5% B4 b4, "P < 0.05; B:ERa siRNA 2[5 RhoA \ROCK1 ik, S5X HEAZH b4, P < 0.05.
6 E2#1%) RhoA/ROCK i B8 H#% 41k
Figure 6 Nuclear receptor types that E2 inhibits RhoA/ROCK pathway
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ROCK {74 ROCK1 F1 ROCK 2 W F iy &1, Hoor,
ROCK1 ] {2 5040 T AR LU, T ROCK2 243
T g U 2 ARG XHR S R 1
SMC #47a-SMA 5 ROCK1 #¢ Yehnic , #4152 FHPE %
ik, HER K EREE 1 SMC A RCOK1 235 . RhoA/
ROCK 3 [ ] 4 il MLCP 35 1 , 38 in SMC X 45 2 7
TR (ESELAE ML) , £ MLC AR A 7K S5 i, i
i imag > BFST & B RhoA/ROCK W 3 3 415 i 1k
HLT R 5 e | PR IE 5t Bk 46 1 T OLMAC 4 7% 30
Chrissobolis 45 2> % PHL U 18 2= 7] 4100 i) A i 555 JES 3 ik
-1 WL RhoA/Rho-kinase Ji 4 . Rigassi 55 /& i FH
AU s R A N AP UL RhoA 35 4, I 7T 9
/B MLC e MLCP P85 W 3L 55 o 4 i - L
RhoA/ROCK 3R IK 5 MEPLZR MU C R M ARG . A
WFFEAE ALK b & 30 B2 Al 4 ok BL4E i SMC
RhoA/ROCK il % 1) #6354 .

WA T3 5 S R AZ R (mER) 8% Z 1R (FRa
ERB) &5 & K AEAE I ARWF 98 & B0 B2 Ab HL )5
RhoA/ROCK &3k T [ , 117 3 20 Jifd 5538 375 11 BSA-E2
ALBRJE AN RhoA/ROCK ik , $ 7 Mt 25 vl 3 aod
¥ Z K (ERa \ERB) i 12 ZHEAEH o aZ R3]
PPT 4k B J5 215 1T 471 ] RhoA/ROCK %% 35 , ERa T4
J& B2 5 19 RhoA/ROCK 35 [ TF, B5041F Tl &
A 38 3 o SZ AR Rho A/ROCK i BR324

AR P ESL AT B S IR T SR
T8 Ak, AN ) B B i 2R 1 L A AN [Rd AT i i —
T, MR RS EReE M S T RhoA/
ROCK i i8I A FRIF 58
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