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This study aimed to clarify role of connexin-43 (Cx43) in a major cytoprotective signaling,
PI3K-Akt-GSK-3p signaling in cardiomyocytes. We found that Cx43 in the sarcolemma contributes to
activation of class Ig PI3K as a co-factor of  subunit of G proteins. This role of Cx43 is specific to
regulation of class Ig PI3K and is not required for activation of class 15 PI3K. Cx43 in mitochondria,
being necessary for redox signaling by activated mitochondrial ATP-sensitive K* channel, was found to
be dispensable in PI3K-Akt-GSK-3f signaling by G-protein coupled receptors.

AR ERA
(BAEHAY : 1)
[ERESES eSS L

2008 4 1,900,000 570,000 2,470,000
2009 4 800,000 240,000 1,040,000
2010 4 900,000 270,000 1,170,000

G

T
O 3,600,000 1,080,000 4,680,000

W5 - fRER eI RS
BHFE DR - fH - NWESREGIRE S - FHERZRNFLF
F—U— R ax®r, Mg 7, DRk, Mgt

Xy o TREAEEHE LTO Cx43 N0 AhEE I
MR EDOERICR - 7&E, £/ Cx43

1. WHEBAEE IO =
2 R F 2 43 (connexin—43, Cx43) TR

PIUZIFEE L, v v 7THEOMRERL LT
e OBLR ., ALFREAICEHES LTV D,
UL, v v 7 iEE DA O M, H
g, ik, S Far Y T7ICh Cx43 1%
FIEL, ENZENOEBIZE T HHEEEIZ OV
TITIZEAEHLDIZEN TV, Tk,

LML G R FE B AR L D
PI3K-Akt— GSK-3B < 7 F AEMALIZH5- L T
WHZEEHLMNILEE, L, XYy
THREAGERALE L TO Cx43 A PI3K-Akt-
GSK-3B 7 &L U8 &3 5 LAl i o
A B A A3 2 M N IS AR R I E D K



HNCHEELTVADIZOWTIEARHTH -
7=,

2. MEOE®

AIFFETIL,. 2 by U 77 5N Al
FlZA~AIF ¥ RxLE LTHEET D Cx43 200
i Al IR D A AT 59 D M AR E R I
EELREAH S TWVWALZ A2 REME LT
FRAE L. BRI GSK-3B~DHMIfEN > 7 F niz
I & OBEICER L TEORKIEE BiE T,

3. WrFEDHiE

e D AR (H9e2 Hif) 2 VT, G EH
TS R ARHIL 72 & NS TGF-1 Z RIS
X % PI3K-Akt- GSK-3B< 7 /L ZiEMEAL L,
ZOHIBEES S AICE S LTV A Cx43
DHEEE Eobon by KUY 7THEED
LD THDLINEMITT 27-0IC, PIK &
Cx43 & DEAE A AEIEROF %, HSPIO FH
EIZXLBHI by RU T Cx43 FILH, Cx43
EAEORBEMHENZEL DI bar KU 7 ATP &
ZPE KT v 1L (K, F ¥ RV) OREREDZE
b, OFBEMNT Ui, &HAOFEIHNIX
siRNA, A& M AMEA X RELRE, EA
U Bt R PR % H vz Western
blotting., HSP90 PHZ1Z1% geldanamycin,
microRNA199a (miR199a) OMfIIZIX miR199a
antagomir & W72, mK, I ¥ RAGEMAL
LD bar KU T OEEREZE (ROS)
DEEIL MitoTracker Red ZIRIEIZ{T 7=,
FAEESE . 7R h—3 A% antimycin A 24
WEEB b A P LA X VEEE L, propidium
iodide Yuft . Hoechst 33342 Yufhdh 5\
flow—cytometry T&E®= L7,

4. WFFERRE:

Cx43 FRHEFBHMHENC L > T ¢ EAEBEZ
HIE A4 A FHEE, = e =
FIR) I X D PI3K-Akt— GSK-3B %S TH M
(EDPRE SN D —TJ7, IGF-1 ZAEAIIC X
D2 DOBRBEOIFEEACITIIREN L S n
Z 6, Cx43 1 class IB @ PI3K 5 LI
BELTWAAREMERNEWEEZ b,
class IB @ PI3K {EME bz HlIfH3+ H2ER &
Cx43 & OHASEH O G, ¢ BADBH
Ta=v bk (GB) & Cx43 AT DL,
Cx43 D/ w7 B D PI3K-Akt— GSK-3p<~
TFN~OHRIT GBD /) v 7 X702 8D
HEINWDZ L2, ML Cx43 25 6B
(2 &2 PISK JEMARIC BB 2 E] 2 - LT
WA ERRENT,

R har KU TIZEBT D Cx43 & PI3K-Akt-
GSK-3B >~ 7'+ v & @ BEE (2 2 W\ T,
geldanamycin (ZX 5 I h=a> N U7 Cx43 @
RN RSD Lo izizd, I har R
U7 Cx43 MZEHET D mK,p F v R ATEMEL
IZ X5 ROS % surrogate marker & L CTHW
720 G B AEBSZ AR (-4 A4 A RZEIR,

T2 e U URZER) B XD nk,, F R
JUEMEAGIE Cx43 D ) v 7 B B %%
97, TIGF-1 BRI L mK T % RS
a2 L7726 & hoTz, ZNHDEEND G
B A E B BRTE LIRS e ha v
KU 7 Cx43 20 L7z nK,pp F ¥ RUEMEL
PI3K-Akt— GSK-3BIZ%5- L TR Z & 23
LinkiroT,

R har RYTIZBITD Cx43 OHEERERIHE
W5 T 5 AeetE D& 54 F & LT miR199a
WZOWTHYEH LTI 21T 7225, lH D
M BB 72 Bl 2 R 4 5 i 131G b7
Mol

G EHEEZAFMIEMALIZ L B PISK-Akt—
GSK-3B 7" F /LT b A b L 2T K 20
PO EEFE 72 5 NS T R b — 2 A B
L EERMERTLELELIZ, ZOMFICIX
GSK-3B-Ser-9 U AT K o Tl f 25
D ROS FEANIHI SN D Z ENREELTWD
ZEEHALMNILT,

5. FreRFiHLE
(BFgef . W38 K ONBEERF 728 1
LR

UdERsam ) (B 17 1)
1) Yano T, Miki T, Tanno M, Kuno A, Itoh T,
Takada A, Sato T, Kouzu H, Shimamoto K,
Miura T. Hypertensive hypertrophied
myocardium is vulnerable to infarction and
refractory to erythropoietin-induced protection.
Hypertension 7t #if5 57; 2011: 110-5
2) Miura T. Cytoskeletal proteins: hidden targets
of cytoprotective signaling? Circ J &#if 74;
2010: 2295-6.
3) Sato T, Tanno M, Miki T, Yano T, Sato T,
Shimamoto K, Miura T. Erythropoietin (EPO)
affords more potent cardioprotection by
activation of distinct signaling to mitochondrial
kinases compared with carbamylated EPO.
Cardiovasc Drugs Ther #7524 24; 2010: 401-8.
4) Terashima Y, Sato T, Yano T, Maas O, Itoh T,
Miki T, Tanno M, Kuno A, Shimamoto K, Miura
T. Roles of phospho-GSK-3B in myocardial
protection afforded by activation of the
mitochondrial K ATP channel. J Mol Cell Cardiol
EHEH 49; 2010: 762-70.
5) Miura T, Tanno M. Mitochondria and
GSK-3beta  in  cardioprotection  against
ischemia/reperfusion injury. Cardiovasc Drugs
Ther & HiF 24; 2010: 255-63.
6) Miura T, Miki T, Yano T. Role of the gap
junction in ischemic preconditioning in the heart.
Am J Physiol Heart Circ Physiol #qtf 298;
2010: H1115-25.
7) Miura T. Epicardium and pericardium: a joint
force for infarct repair? J Mol Cell Cardiol # &t




F 48; 2010: 579-81.

8) Hotta H, Miura T, Miki T, Togashi N, Maeda T,
Kim SJ, Tanno M, Yano T, Kuno A, Itoh T, Satoh
T, Terashima Y, Ishikawa S, Shimamoto K.
Angiotensin Il type 1 receptor-mediated
upregulation of calcineurin activity underlies
impairment of cardioprotective signaling in
diabetic hearts. Circ Res 7 #if 106; 2010:
129-32.

9) Miki T, Miura T, Hotta H, Tanno M, Yano T,
Sato T, Terashima Y, Takada A, Ishikawa S,
Shimamoto K. Endoplasmic reticulum stress in
diabetic hearts abolishes erythropoietin-induced
myocardial protection by impairment of
phospho-glycogen synthase kinase-3p3-mediated
suppression of mitochondrial  permeability
transition. Diabetes 7 #¢ 17 58; 2009:
2863-72.

10) Miura T, Miki T. GSK-3p, a therapeutic target
for cardiomyocyte protection. Circ J & HiA 73;
2009: 1184-92.

11) Miura T, Nishihara M, Miki T. Drug
development targeting the glycogen synthase

kinase-33 (GSK-3pB)-mediated signal
transduction pathway: role of GSK-3B in
myocardial protection against

ischemia/reperfusion injury. J Pharmacol Sci #
A 109; 2009: 162-7.

12) Naitoh K, Yano T, Miura T, Itoh T, Miki T,
Tanno M, Sato T, Hotta H, Terashima Y,
Shimamoto K. Roles of Cx43-associated protein
kinases in suppression of gap junction-mediated
chemical coupling by ischemic preconditioning.
Am J Physiol Heart Circ Physiol #5¢4A 296;
2009: H396-403.

13) Ohori K, Miura T, Tanno M, Miki T, Sato T,
Ishikawa S, Horio Y, Shimamoto K. Ser9
phosphorylation of mitochondrial GSK-3f is a
primary mechanism of cardiomyocyte protection
by erythropoietin  against oxidant-induced
apoptosis. Am J Physiol Heart Circ Physiol 75t
A 295; 2008: H2079-86.

14) Miura T, Miki T. Limitation of myocardial
infarct size in the clinical setting: current status
and challenges in translating animal experiments
into clinical therapy. Basic Res Cardiol 5% H
103; 2008: 501-13.

15) Tanno M, Miura T. Adenine nucleotide
translocator, a mitochondrial carrier protein, and

fate of cardiomyocytes after
ischaemia/reperfusion. Cardiovasc Res At f
80; 2008: 1-2.

16) Nishino Y, Webb IG, Davidson SM, Ahmed
Al, Clark JE, Jacquet S, Shah AM, Miura T,
Yellon DM, Avkiran M, Marber MS. Glycogen
synthase kinase-3 inactivation is not required for
ischemic preconditioning or postconditioning in

the mouse. Circ Res %t 103; 2008: 307-14.
17) Kobayashi H, Miura T, Ishida H, Miki T
Tanno M, Yano T, Sato T, Hotta H, Shimamoto K.
Limitation of infarct size by erythropoietin is
associated with translocation of Akt to the
mitochondria  after reperfusion. Clin Exp
Pharmacol Physiol £ #if 35; 2008: 812-9.

E2 T INGEVELD)

1) Kuno A, Tanno M, Ishikawa S, Horio Y, Miura
T. Activation of Sirtl suppresses hypertrophic
response of cardiomyocytes by inhibition of
H3K9 acetylation via proteasome-mediated p300
degradation.  83rd  Scientific  Sessions of
American Heart Association. (Nov 13-17, 2010).
Chicago, USA

2) Ishikawa S, Kuno A, Miki T, Tanno T, Yano T,
Kouzu H, Sato T, Sunaga D, Miura T.
Connexin-43 contributes to transmission of

MitoKxrp  channel-derived redox signal to
Akt-GSK-3B  pathway in  cardiomyocyte
protection afforded by G protein-coupled

receptors. 83rd Scientific Sessions of American
Heart Association. (Nov 13-17, 2010). Chicago,
USA

3) Takada A, Miki T, Tanno M, Suzuki H, Yano T,
Kuno A, Itoh T, Sato T, Miura T. Ventricular
dysfunction and blunted response to adrenergic
stimulation in obese type 2 diabetes predispose to
fatal heart failure after infarction:Possible
involvement of microRNA-1 down-regulation.
83rd Scientific Sessions of American Heart
Association. (Nov 13-17, 2010). Chicago, USA
4) Kouzu H, Itoh T, Miki T, Tanno M, Yano Y,
Sato T, Takada A, Sunaga D, Miura T. Increased
ER stress is a fundamental mechanism for
impairment of cardioprotective signaling in type
2 diabetes. 83rd Scientific Sessions of American
Heart Association. (Nov 13-17, 2010). Chicago,
USA

5) Ishikawa S, Miki T, Tanno M, Miura T.
Connexin43-dependent mitochondrial GSK-3p
phosphorylation in protection of cardiomyocyte
against necrosis. 20th World Congress of the
International Society for Heart Research. (May
13-16, 2010). Kyoto, Japan.

6) Yano T, Tanno M, Itoh T, Miura T.
Enhancement of cyclophilin-D-ANT interaction
upon reperfusion in hypertensive hypertrophied
hearts: a target of cardioprotection against
ischemia/reperfusion injury. 20th World Congress
of the International Society for Heart Research.
(May 13-16, 2010). Kyoto, Japan.

7) ltoh T, Terashima Y, _Miki T, Miura T,
Shimamoto K. Role of GSK-3B in negative
regulation of the mPTPs by the mitochondrial
Karp channel. 20th World Congress of the




International Society for Heart Research. (May
13-16, 2010). Kyoto, Japan.

8) Sato T, Miura T, Tanno M, Miki T, Takada A,
Itoh T, Shimamoto K. Mitochondria is a critical
compartment for phospho-GSK-38 to afford
cytoprotection against ischemia/reperfusion
injury. 20th World Congress of the International
Society for Heart Research. (May 13-16, 2010).
Kyoto, Japan.

9) Miura T, Miki T, Shimamoto K. Glycogen
synthase kinase-3p as a therapeutic target for
cardiomyocyte protection. 20th World Congress
of the International Society for Heart Research.
(May 13-16, 2010). Kyoto, Japan.

10) Miura T, Terashima Y, Maas O, Miki T,
Tanno M, Ishikawa S, Shimamoto K. Role of
GSK-3p in  negative  regulation  of
mitochondrial permeability transition pore by the
mitochondrial KATP channel. 31st Congress of
the European Society of Cardiology. (Aug 29-
Sep 2, 2009). Barcelona, Spain.

11) Miki T, Yano T, Miura T, Tanno M,
Shimamoto K. Enhanced ANT-cyclophilin-D
interaction  underlies  reduced anti-infarct
tolerance and loss of protective response to
erythropoietin in hypertensive hypertrophied
hearts. 31st Congress of the European Society of
Cardiology. (Aug 29- Sep 2, 2009). Barcelona,
Spain.

12) Miura T, Hotta H, Miki T, Yano T, Ishikawa S,
Shimamoto K. Jak2-mediated cardioprotective
signaling is impaired in diabetic hearts by AT,
receptormediated up-regulation of calcineurin.
31st Congress of the European Society of
Cardiology. (Aug 29- Sep 2, 2009). Barcelona,
Spain.

13) Kuno A, Tanno M, Miura T, Horio Y,
Shimamoto K. Activation of histone/protein
deacetylase SIRT1 by resveratrol induces
MnSOD upregulation via FOXO3a and improves
survival of heart failure animals. 31st Congress
of the European Society of Cardiology. (Aug 29-
Sep 2, 2009). Barcelona, Spain.

14) Miki T, Tanno M, Kuno A, Yano T, Sato T,
Hotta H, Ichikawa S, Miura T. ER stress
contributes to dysregulation of GSK-3B-mediated
suppression  of mitochondrial permeability
transition in diabetic hearts. 81st Scientific
Sessions of American Heart Association. (Nov
8-12, 2008) New Orleans, USA.

15) Ishikawa S, Miura T, Tanno M, Kuno A, Sato
T, Hotta H, Terashima Y, Miki T. Connexin43
-dependent and -independent mechanisms of
mitochondrial GSK-33  phosphorylation in
protection of cardiomyocyte against necrosis.
81st Scientific Sessions of American Heart
Association. (Nov 8-12, 2008) New Orleans,

USA.

16) Tanno M, Kuno A, Miki T, Miura T, Horio Y,
Shimamoto K. Activation of a protein
deacetylase, SIRT1, by Resveratol suppresses
progression of heart failure and improves
survival by up-regulation of Mn-SOD. 81st
Scientific ~ Sessions of  American  Heart
Association. (Nov 8-12, 2008) New Orleans,
USA.

17) Kuno A,_Tanno M, Miura T, Horio Y,
Shimamoto K. Resveratrol, an activator of
protein deacetylase SIRT1, suppresses oxidative
stress-induced cell death by upregulating
MnSOD expression through transactivation of
Foxo3a. 81st Scientific Sessions of American
Heart Association. (Nov 8-12, 2008) New
Orleans, USA.

(=) GFo )
(PESEIA PEHE)
OIREt G0 1)

LY.
FEHIFE
MR
FHAH -

HEG
HFEEA A -
E NS DB -

OBtk (GO 1F)

A4
I
MERIFE
FHAA -
FSNEa
ISHH A
E NS DB -

(Z Dfth)
R Bl

6. HFFTHHAR

(1) WFgefdss

=J#  ¥rhd (MIURA TETSUJI)
FLIREERL R - R - #d%
IEE S 90199951

(2) W 9e s

=K B&E3E (MIKI TAKAYUKI)
FLIREERL R « RS - Gk
W& FE5 « 00336405



(3) WHge sy

FHEF fEHL (TANNO MASAYA)
FLIRERL RS « RS - SR
W73 5« 00398322



