





5
o e AR |5 adhesion junction (AJ) & connexin (Cx) BEed> 7f&& (GI)
DIFE 7 (05, Gl AR OEIROREE Ch 5, AR O IE #7221l
e el Gl DEEMEICEER TR 2 R LT 5, R 1075 HI A R .
BT 13 DALY D E RS (RES) CEEE% i ~7-, 7
DTy B R OMHEA M S Y 7V 705 2 SR T OV T G R
o HTAE(T R T | TR S, DA AT U, REGEEEE L7z, U 7
| P )0 (PCR) . PR L PR AL R OMe s el |~ 15 % F U T
DT ARG RO - SIS BN v B S AT A A S LT, L
D Cx43 & B = 60 121 BICHN Uz, HIiEs el B )7 =

RIb /7% |2 G /- £ BT =k, Cx43 O T AR E - R SER

R 1 (T(CRARS 5 (R T Ll EOSRIET Y =S
830 (GSK RN i < T 505, Z OFE T 10 4% IR - 0 Lo, [

B3 60 57 [H IR 1 (~ ). O A7 A Lz, AL A4S
WCHE L7 SR (ST A P TR R e T AR
877 = DafREEET L, Bxld, U
WIS T A5 EEHLMNI L, p AT =0
|\ T8 G DR L eI B e kE

BAT =TT RERE AT LGRS U T ) 4

7~ e RBEAROD T v A R Y — AR



> adhesion junction (AJ)  (adherens junction

I

IO A RS LTS e o AT v AL connexin

Al {(adherens junction & 7 AL — 4 [ T4

[ U RO TR G | B R Gaea Xl D1 WA
T4, adherens junction N-77 ] i
M ) i 1L AE L
_ Al ! 7 i PR - L L 7 4‘
adherens junction [ 1D DEF L b
S DRI T G OB - T a7 s b
el AT : Cx43 G) D2 2|
! «"' ) L H‘




| I

s nfrr el Tyve
cirical Jurncl

n if Adherens junction &7

wesion molecule (Z linker protein 7







(3.0 Hz) % 55 Al 4 Fsl £ 767 L 7=

. SRR N

- D R ] P T B ) X 0.5 om REEEE (= HE O fR S

A UASE S =4 AR LT,
e S i 2 [17 [ S (ISl I L. (14D V5 ) v
(2R D 5 L. e e | EEESEETUNGE || i
FTH D 00 sy (| RSN CECANE S ()
P [SB YR Lyd >D9 R 01/1)] (Promega, NiERIBbn, WI1) % i

L70, LEiCiss

B HL Cx43 Fifs (NE00) (Sigma, St.

Louis, MO) linvitrogen, Carlsbad, (@SSR % i\ 7=, 1%

DFEH O 7 IBEN-m, San Diego, CA) EaaEl 7. 75 LEE

(01% R 7 (10% 7 5) Dk, T

- PRI ARENGN | | | SRR

IgG (1 :200) %Al , Billc{3fes SR TC el ~ 7~ 1gG (1:500 llipore. Billerica,

MA) 2 & VRS Rk (|3 OV s, Germany) % T VM= L 7-, —7k

I DRI T L D L SR

R DA S 530 25 RO & 7 2 VT

L 2 Wo oz v



50.000)

Louis. MO)

L, Sl

Ll -4 )

Gas

K3p

Buckn

LA (1 1000) % phospho-GSK3[ (! s O 1000) (Cell Signaling, Beverly, MA)

: RS ZEE L oo 0 A ' FleG HRP &5 (1:1000] (Promega,
Viadison. Wl | VlgG HRP 7 [ 1000) (GE | UK)
' V) SRk 2 bl B Western Blol Detection System (GE Healtheare,

yuanti'lTec

Crermany)

shann Y
1A, UK)

lentitic,

tSYH

Rockford, 11} {2 4 g T ] Cx43 guii]
¥ (GAPDH) % |
b Rk < 5 l

44 RNeasy Mini kit (Qia

Omniscript Reverse Trans

R Green Kit

o A (e
Jagen, Hirlaen, e

o

Sen

1ISITVILY Substra

Rotor-Gene 6000

te (Thermo

()

‘:\ R = HY) w

(Qiagen

IR .

F G ]




:5-CTG GTG ACA GAAACAATTC C-37,

h-GTC GTC GGG GAAATC GAACG-3", GAPDH oz 2

[CUNEHN "\ A (C ACG AG-3° . GAPDH

AA AG-3’ G Befif - comparative Ct (27 ‘
A G BRI ER e W
HLAE Al O Al A A S
LS i o B | Vi
/ fir ‘ il
J & - 64 JNET A (5 ki

M=t WY r Bl
LR ' .l'l"i'- J!I‘I

QPQQ v/ 2 7 S| [ v
SPSS ! o/ U T e T T B R [T C




(% (O Dunnett ) 2

( ar L T ‘
> < (0.050) ! o A
! | ). \ f . -
i{ i N
4.1 Cxd43 DO3EHL 7%
L HE Ye(0fs - Cxd3 gl B 0 oy e i 4 2 1%
( y s I: A ‘ , ,
x4 T Gl ‘ o ;
) o 1 X 2 ( ey NI I |
(| | ! . [ vy ] I . ‘\‘H C .
' ‘ M| A N ) RES
{i Bl NN / | 1 ] ] 60 5714 | 4+0.2% n=9_ 0%




0OS(-) 0 min

30 min

Hematexyhn-Losm staning

O5(+)

NS NS NS p=b.ni

il o> Cx43

- ™ A4 =5 A A
Cx43 DR

Y4 (08S) e L,

Cx43 mRNA 37 P L 60 PPN oo RES (2 fy Exiz K 12401 {i%. n=0
05712 %F LT p<0.01) ([ 2A Qs [ 2B) CHE, Cx43 HUiRIE 40~43 kDa 0]
AR DR 3 o R ARk Cxd3 NI RES (20 e (28 L . 60
M ) VRGN LS (130315, n=9. 0 4o % p<0.01




min

OGO

30

)
1O

)

OS(-)
OS5+

O5¢(-)

O5(

GAPDH,
GAPDH,

Cx43.
x4

min

60

o

<(0.01)

=
/

D

i
Ie

A Lo

N

mR

0.0

3=




B-catenin, QOS(+) C

B-catenin, OS(-)

Nucleus

0 min

- RES Afrail (049

N oy
ARUNIR —L‘ c

A LA (O8) FRINEE &

T, pHT =D

P N T L Py O

AL A /7 == I T P
Sl H L L. \H ) 4900 UM

RES £ 14

T et G 0 g = SN T
min #Z v, p AT — V)
N I

b DERT, C:3D A AT 7 & iR

< — o AhE

e AT T HEIE CEEHELSD, n=9).

S AL AL Z Y (0S) B w504 (AT A )

/
]




(-catenin, OS(-) # Wiy ¥
B-catenin, OS(+) e - o ety

GAPDIH, OS(-)

GAPDH, OS5(+) s e

0 10 30 60 min

o)
= AN

(re

1

protet

1

€1l
-

-cat

[

A 1 q — - 1~ = VE
4.3 I B ~ A9 A RES O
i 1 7N [ | T H o
R { ] l‘ / Jop) L) 2 “J- J Ii K
1 J | y
CHE A ||I B4 !‘ i & {7AN \“ ! | ~ _ iy = Cx43




nin, 05 e S Gl SR

-catenin, OS5+ P I [E—

Histone HI GAPDH. OS(

(21 kDa)

GAPDH, OS(+) S et VNSNS W




A extracellular potentials B control

i

o I 24
S i mf

Hier Eﬁﬁ;ﬂﬁ“‘“lﬁﬂﬁ P

350 um

N

D RES 60 min with olmesartan

C RES 60 min without olmesartan

g Iy I” IN (X J vy l AN ‘,." RES ti{ariz 60 7
{53t DA (25 1.0 cm/sec, n=t E sy Hil
(19.1+£4.0 emisec, n=6, p<0.05), AL A /L& gz £ ol 2 /
L RES T (19.0+1.7 cm/sec, n=5) | ko , GBI
8.5+2.4 ¢m . n=
3




B v Lok T GSK3) EntENEA 13 7 R % . GSK3B
E(LS (p-GSK3B) 1 10 47 &= U2 Jli 2 oy i A ; | n=9. 0

of LT p=0.01) (¢ 8A L g Acil, R L E {




A

wal GSK3P

Control

-GSK3 -

e

——

tcring

bl mm
3.0
y
PN
. 7 | Oe—e
0
00 min I

L A L -
Foam] Q)T o 1
| ~5 2057
4 LA 4
FA Ny
7
[ v (3¢ 1
r. g 7 - ] !
; s |G ik

X

ol n
e
ol mun

-GSK

al GSK3f
3.0
Y ()

D

PDOROSY(

n
‘V\
~ D by
RES H
1 Y[
{28
P \
| I
11 -
HAi 1 v

)




g L7- (X 8B),
il . 7oA

- PR

Fehe

g & N Ca g

TS, 7 ¥

I - s

h LT AT —



ouplin

-4




e R 7 PR 2 AL e

SHTVD W I i e

17: Wil Fell 73 Frizzled 7 g ZREREIC
T Al E FRICBITL —DIRE
T MR- TH<. EEDY Cx43 {178 A ES PR
TTo S = E1T, Cx43 13N D107
HoZ . < D EDT i bir =
ERES Sh, 7 ORI [~ - V) SR = S K-
B R 0> S £ K] - Hob AVt 4 1),

LI 772 U [ T F/LEF i phF=
DI 10 47 ENNE L., Ehi IR 51111 ) R > T
¥ o a LD L, DA F DNA-B
T b {73 4 NA « HH 7253 | AR










-t , P ‘o W@ , 7 I
. F HEEH CidL R R . LA ! Y
S / y i ' . ! 7
7 AT )] O - i ) - AN s A S
- - . N7 e Calactrade arrav evetem A H - “E“-\“-‘ FriF b 1.
| y T J T vk iH!_E‘l\--Q ectrode array system 2 AN L Hl ok f
e . s lavar ! . -0 1y i L - \
oo ~ 70 monolavet ! g ~ Iy ) b )
) ) ) . L . y~ 4 . 1A
{ ) - : [ J l P i J o LN T
. v A ; 1 i
) r 1) ! 1 1 " AU O A
- e | i J FH L
/ \ S VT S ¥
‘
0.
IO kel G 7 : ‘ Al H | W7 ,
s - ' A | R _ - )
; | - ' ) Al 4 I T gy L olh | )
war | . HH 1 - T
£ \ S v AL . P 7
L -4 : 7y kil 3 VT e
15 ey A / ' 1 . | A ? =5 by s . L vy ¢
) g A il l A X {] - - ) [
Rl En e RN ‘ | ‘ : 1] .
|
AL
7 ' \ s LA \ \
: Ve ! Ay T \ | v
I - 1 ¥
e S l ' [
FEEVAN, . ) . i . ] e
(LT 1! A i ik )\ . T - A Tik v




Al Z, Fisher A, Spry DC, Brown AM, Fishman GI. Wnt-1 regulation of

connexin43 in cardiac myocvtes. ./ Clin fnvest 105: 161-171, 2000,

Akar FG, Tomaselli GF. Conduction abnormalities in nonischemic dilated
cardiomyopathy: basic mechanisms and arrhvthmic consequences. Trends

1_/,, |5 250264 "‘::|"::"-7

L & S < KOS by JRNEAY.

(8]

Angst BD, Khan LU, Severs NJ, Whitely K, Rothery S, Thompson RP, Magee

Al Gourdie RG. Diss cap junctions and cell adhesion
junctions during postnatal differentiation of ventricular myocardium. Cire Res 80:
88-94, 1997,

Barth AIM, Nathke IS, Nelson W.J. Cadherins. catenins and APC protein:
imcer;u' between cvtoskeletal complexes and signaling pathways. Curr Opin in

Cell Biol 9: 683-690. 1997.

S

5. Cadigan KM, Nusse R. Wnt signaling: a common theme in animal development.

Genes Dev 11: 3286-3305. 1997,

/ Nale T Honal tranediiertion b | Wit fam 27, howya T (
0. E)ilf{t’ k{ . F‘i&ulu] ransauction oy e vvilt nLH! VO f !'LLHI\ S, DIOCACH J O

-
S~

Fujimoto K, Nagafuchi A, Tsukita S, Kuraoka A, Ohokuma A, Shibata Y.
Dynamics of connexins, E-cadherin and a-catenin on cell membranes during gap

junction formation. J Ce// Sci 110: 311-322. 1997,

=

8. Garcia-Gras E, Lombardi R, Giocondo MJ, Willerson JT, Schneider MD,

Khoury DS, Marian AJ. Suppression of canonical Wnt/-catenin signaling by

nuclear plakoglobin recapitulates phenotyy thythmogenic right ventricular

cardiomvopathy. ./ Clin Invest 116: 2012-2021. 20006.

9. Gutstein DE, Liu FY, Meyers MB, Choo A, Fishman Gl. The organization of

adherens junctions and desmosomes at the cardiac intercalated disc is independent

of gap junctions. ./ Ce/l Sci 116: 875-885. 2003,

10. Gutstein DE, Morley G

va D, Schneider MD, Chen J,

Chien KR, Stuhlmann H, Fishman Gl. Conduction slowing and sudden
/

arrhythmic death in mice with cardiac-restricted inactivation of connexind3. Cire

sl

Res 88:333-339.2001.

[1. Hardt SE, Sadoshima J. Glycogen synthase kinase-3beta: a novel regulator of




1

cardiac hypertrophy and development. Cire Res 90: 1055-1063. 2002

12. Hert

o C, Eppenberger-Eberhardt M, Koch S, Eppenberger H. N-cadherin in

adult rat cardiomyocytes in culture. . Functional role of N-cadherin and

impairment of cell-cell contact by a

1-10. 1996.

3. lkeda S, Kishida S, ¥ Koyama S, Kikuchi A. Axin, a
negative regulator of the Wnt vay., forms a complex with GSK-3[3
dent phosphorylation of -catenin.
4 Satoh 1

stimuitation of

cardiomyocvtes: Involvement of mitogen-activated § n kinases and

) Kanno S, Saffity JIE. ] O1C O IMYy( conduction

Biophyvs Res Commuyn 268 243-248. 2000.

Kostetskii I, Li J, Xiong Y,

2adice GL. Induced deletio

dissolution of the intercalated di

18, Kostin S, Hein S, Bauer |

iotemporal development and

distribution of intercellular

rat cardiomvocytes in culture. Cire

l(}l)\j

9. LiJ, Patel VV, Kostetskii [, \F, , Yu C, Merley GF

erin leads to alte

Radice GL. Cardiac-speci

in connexins with conduction slowing and hythmogenesis. Cire Res

005

Y

(). Lizotte E, Tremblay A, Allen

ization of

47-54, 2005.

subcellular p'l'ou:in fractions from 1

21. Logan , Nusse R, The Wnt si athway in development and disease.

Annu Rev Cell Dev Biol 20: 781-8

McKoy G, Protonotarios N A, Tsatsopoulou astasakis A,




Coonar A, Norman M, Baboonian C, Jeffery S, McKenna W.J. [denti(fiisthn of

a deletion in

thmogenic right ventricular cardiomyopiisa@with

palmoplantar keratoderma and woolly hair (Naxos disease). Lancet 355:

2119-2124, 2000.

cardiac cells. Cire Res 101: 703-71
Peters NS, Wit AL. Mvocardial archi

1 - -
/

Circulation 97: 1746-1754, 1998.

Sato T, Ohkusa T, Honjo H, Suzuki S, Yoshida MA, Ishiguro YS, Nal@hghva

1

H, Yamazaki M, Yano M, Kodama [, Matsuzaki M. Altered expressiol

12 vt 1 lhartla : f e b : ! 1 " &
143 contributes to the arrhythmogenic substrate during the develogii@nt of

CONnex

heart failure in cardiomyopathic hamster. Am J Physiol Heart Cire PhysicJees:

HIT164-H1173. 2008,

Sen-Chowdhry S, Syrris P, McK

J. Genetics of right ventricular

cardiomyopathy. J Cardiovasc Electrophysiol 16: 927-935,2005.

Thornton TM, Pedraza-Alva G, Deng B, Wood CD, Aronshtam A, Cliduldnts

JL, Sabio G

Il LAY 9 AV ES TNy [VAALRIETYY S 2J

le B, Rincon M. Phosphory |[Eists]
p38 MAPK as an alternative pathway tor GSK3 inactivation. Science 32

667-670. 2008.

van Rijen HV, Eckardt D, Degen J, Theis M, Ott T, Willecke K, JongInby¥iJ,
Opthot T, de Bakker JM. Slow conduction and enhanced anisotropy incjydale the
propensity for ventricular tachyarrhythmias in adult mice with induced deo{igiteh of
connexind3. Circulation 109: 1048-1055. 2004.

I

van Tintelen JP, Entius MM, Bhuiyan ZA, Jongbloed R, Wiesfeld ACRYH de

tra SR

W

AA, van der Smagt J, Boven LG, Mannens MM, van Langen 1M, Hof,

ventricular dysplasia/cardiomyopathy. Circulation 113: 1650-1658. 2000

|

Yoshida M, Ohkusa T, Nakashima T, Takanari H, Yano M, Takemuy

Honjo H, Kodama I, Mizukami Y, Matsuzaki M. Alterations in adhesiajel




junction precede gap junction remodelling during the development of heart failure

in cardiomyopathic hamsters. Cardiovasc Res 92: 95-105, 2011

Zhuang J, Yamada KA, Saffitz JE, Kleber AG. Pulsatile stretch remodels
¢ Res 87:316-22. 2000.

17
cell-to-cell communication in cultured myocytes. Circ
33. Zuppinger C, Schaub MC, Eppenberger HM. Dynamics of early contact
formation in cultured adult rat cardiomyoeytes studied by N-cadherin fused to
{ 539-555. 2000.

oreen fluorescent protein. J Mol Cell Cardiol 5




