Bk 0912

Na'/H"™ AZHasgie R LM a N Ca?t & — NCS-1 O EAEAIZEA
CMERFEEL S 2 F v DFRHT

R OKHE, R BER

RS — TR IR B 43 T/ 54D

B B ODIBRICIEANRE OIIENART NN DE | EOARITHEIGT AT O#] 2 ORI 35, RN
Na'/H" 2 flifis (& (NHE1) 13RI ITAIIEPN pH, Na™ S | M AR ORI 20 N7 AR —2Th D3, [FIRFC
OFVET VIG5 T 52 EDRBS ALV, FLEITIEM LM NHEL 2D FF AN S BB DT A ==y
(TG) v~ A% FWAFZEIZ LD NHEL OIEMALANOER < DR EIIE T D72 BRI/ GHZ 8 ZOAN =K LEL
THIFEAN Na’" BRIZH &< Ca™" I EHDS Ca¥ IRTFNED LB RS 7 F VR LS, DY ET V7 % fk
HZEEWALMNI LT, — . ZOXH7ZMIIAN Ca®* OiEZ /920 DEL Tk 4 72 Ca** L —2 L I E N FIET
%, NCS-1 (Neuronal Ca®" sensor-1) (32D —>THV, BUAE AN F A I UM RE I C BB B 2R 2L
FHIVTODN, DRI DHERE X AR CTh o7, FL7=BIE NCS-1 KHE (KO) =7 A% HWZAFFEIZ LD NCS-1 237k
VBRI D DB R 5L T D RTREMER R L7, 22 T4 Rl NCS-1 OLERIEARIZI T 5% E 25
INZL. ZFOZEMI THER NHEL O TG ~ALENT bW A LIC VIl A- L BEE LT, ZOREE. 1)

NCS-1 13O A R BANIC I B . PRI, BEEED B L O Ca?™ AT 728 Ca?t o 7 VBRI AL Tz, 2)
NCS-1 ZEBBSEDE, DIERFHEFEMA IO LFER, LfAilao B Eifn@hoo L -l 0¥ LU REZ

MAELTZ, 3) WIINCS-1 2 KB LT 7 A TIEWT T AR MLIERRER EIZ LD AR A5, RO TT Rh—
AL T2, 4)NCS-1 KO =7 ATl ATP #lliic k5 Ca*' hoo Y= b R SEZEICEGL . £72 ET1 X° PE 72X D

CMBERFFERE LD D IERBBEE I B L7, 9725 NCS-1 25 Gq coupled = BARHHIZ L > TELHLIERE AL
TR AP L QD ATREMEARIZE -, 5)NHEL-Tg 3L UNNCS-1 KO 7 A& F oW 7= EER) 5, NHE1 OE %
{BIZE S THIEEZSNDLIERIE NCS-1 KIBTIILV AT 2 —S RN e D) o7z, NHEL {EMHE(RIZE D DR L
AAITEIZ CaMKII/HDAC #R A L TERINADZ LMD, NCS-1 1IZEDDERIFENLA ORI L 58 D LHEHIX

U5, Calcineurin/NFAT & E81E . (DB R LIS H 8123028 25 5-L THY ., NCS-1 D KO LA AR AIZMEES Th 5

ZEDRKICH7R0IRHZ 00, —DDOEMiEL CEDOF 52 BIERTH THD,

1. IR B/
Na'/H" zZ#afigizt A 1 (NHE1, SLC9) %, #MIEPN pH.

7 A% FWTZAFZEIZ LD, 1) NHEL OEMHALS DB -0
AREFRIEICT DR BRI R0ELTE, 2) FD A=A A

Na' R, Ml A REORE R E | A4 BRI BT

AELERNTVAR—HTIH5D, NHEL ([ZXA A4 ki,

AR AR IS N ARV E L RAT = 1 VRIS P & F
SFERT T FIAZEIEMA LS DT | B FLIRBRN
ATREIZEVT NHEL OGN ERSh TE, fAiD
I% NHEl ZLffr RIS ESBE T DN A 2=y~

ELTC, MIEAN pH EWVWH X0 IETe LAMIIEN Na' ES125]
ik Ca¥" R LHY Ca*t ARIFED DER Y 7 v E
IEM b, DIV ET V72 ERE T L2 2L
7= (Figure 1) (Nakamura ef al., 2008) , ZOLH7/REHE L 7
TG FELTORMBAN Ca® D& 3 2b0llL
THVEY 2V ARESNDOEEA 22 Ca®' B —2 ]
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JEHFAEL Rl - SRR IS Ca™ IRTFMED BUG %
HIEIL TV D, ZD—-> NCS-1(Neuronal Ca*" sensor-1)
V3, BRI R SR RS B LA R R | B B A
ERFOZENIONT WD, BIZIE, v T A B T
M\ %5952 L (Chen et al., 2001; Sippy et al., 2003) .
FIEDGFAI=ALELTA /T =LY /ﬁé{'ﬂﬂﬁ%’;ﬁ
PI4-K Z{E ML L T PIP, &4 NS B EZM E O
WMEHEZ1THZ L (Weisz et al., 2000; Koizumi ef al., 2002)
R, BFEAT T v 2V DOFIHIE A& L TE< 2 & (Weiss
et al, 2000; Nakamura et al., 2001; Wang et al., 2001;
Tsujimoto ez al., 2002) 72 LR FNHIL TN D, FI-FAZEIL

Mechanism

Hormonal stimulation

Control a
NHE 1

a
[Na*}; T pH; 1

NHE-TG

NCX(reverse mode) 1

ﬂ .
[y [Ca]; 1 ~ Ca%*sensor
RO iys NCS-1
ypertrophic |y iy sertrophy
gene expression Heart failer

Figure 1. Hypothesis

[Ca?*] 1 [> Ca?*-binding proteins [> Target proteins [>

(CaM, NCS)

NCS-1 M[EEZEZ T 7oAV TE DR BL &)
BN 2P 32V R AL LTI EWD IO LW RS
FREZ R U7 ((Nakamura ef al., 2006), News section \Z
L, $8#) (Figure 2 /), NCS-1 (RO Z72 53, Dfh
(26 (FRICARRGA C) @ 788195 (Nakamura ez al., 2003)
23, NCS-1 DM EBT DA B - SR RERIR ENZ DN T
IEERATHD, FA7=HIE NCS-1 K48 (KO) <7 A% ]
W IEORFFEIZED , DNCS-1 233V E R L D0
JERIZRAZEIG-L TBHLNZE @NHEL O Tg w7 A
DFIZIBUVNT NCS-1 DFEBLEDIEINL THDHZ &4 FLH
Lz, — 5 AVEVRITEO FItizid 1P B EIEMEAL
(CEBHIEAN Ca*' EF- B TODHS, NCS-1 & 1P; 3%
BN HENFBAER T 52803, T4, Iz T
HESIL TS (Boehmerle ef al., 2006; Schlecker et al.,
2006), %7 NHEI %, PIP, 725 NIA/LE AL T
(V&2 A ENHBIL TS (Aharonovitz et al., 2000)
IIBHORERIT, BVE AR LD BRI I NHEL
& NCS-1 S HWIZ b > TS ATREM A RIBL CU \éo
P> TARMBGEDOME B I, BT HIIBIC

NHE1 OIEHEALE LI DAERIER 7z, Ca2+ +
> P — NCS-1 BEDIINTEESTHDN, Z Doy Tk
T —J&ALNNZTAHIETHD, ZHUTED | RIZRm:
% NCS-1 DL 31T 5% EI DO—imb 4 5281272
2o

Cell process
«Signal transduction
*Muscle contraction
*Survival

NCS-1 (Neuronal Ca?* sensor-1)

= E3 EJ E3

MW=22KDa
(Expression) whole neuronal tissues, heart

Neuronal functions

Important role

+ Regulation of ion channels (K*, Ca?* channels)

* Activation of PI4K

plays an { Synaptic transmission, plasticity

I rC

Little is known about NCS-1 function in heart
Figure 2. What is NCS-1 ?
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2. IRAE
2.1 NCS-1 EnFHREEMDIER

FAERERNCS-1 BL N Ca®" EOFEE 355\ V28 FLl
(E120Q) . 7= N KIaA IV AR /LALENT PLK 275
{ELZRWVE B NCS-1(G2A) | =220 HA 1%
RIL, BH O PCRIEIZIDIERLI-, Shizzhbaa—R
FTLT7 T IIANAL EEICHEMERL 72, F72, O o
AV EH (0-MHC) 7' EE— 4% W CO A R R AYIC
HHT DN AV 2=y 7 (Tg) vV AGAF LTz, EHIT
w77 URKO) v AL ILFFFEIC LD | AFRE - ThD
(Figure 3 2),

2.2 ZTOHDRAIE

~ U AFAEROHMIRORERIT, A% 1-2 HEOH
AR~ T AODIREY DEHZBO L, I THIA
Yozl BRI (277 —8 N T 0) BT
TANTNTIUT % BRI A B BRE AR B 21T
ol

MBEAN Ca® JREEIE, HEMHHE), HDVITER T —v
RERKLIZEED Ca™ JREEAAL (Ca™" hTFr Y= h) &t
FeHERIE Indo 1-AM % W= HOBEIC IO BIE L2, £
DFE, W H CCD &l A7 £H& AQUACOSMOS 3+ AT 2
W,

LA AR D FR A FE D H TE 1L, FEHEFS LT Hoechst
33342 ZHWTERAEZITo72bDIZONT, JaEy/—
LOEEDOF I CHIELT,

NCS-1 Zo 7B D RBAERZ— 0%, AT &g E
FEB A (5 um) | 5528 O AR, H5\ L HEK293 AlifEic
A FEALTERRSEZLO%, faEatiEIcky
AL, AV 782 Fluoview FV1000 =227 4— 7 /L8
W E TR BBl 1T o T2,

DEa— X, AV TN (1%) R FIZhb~T AD

SEEEE M E—RFTitskL 72 (Vevo2000 ultrasound

system, VisualSonics 2100, Toronto, Canada) ,

3. ARHER

F9, DIEICHIT D NCS-1 OFE MR T 5720, 1)
DR COFRBL 7 —> 2)NCS-1 ZiBFEIRBLI-HA,
F72 3)INCS-1 ZRIBEHTIGE DR 171
ED X7 RAETINIHOWT, BRI RIFhx
T 47 A NCS-1 3BT 5 Tg vV A, £72 KO
~ 0 AL E R LD B 72 55 O A AR A O TR L
770 FDIERED BRI OWTH R ET T2 57,

3. 1 NCS-1 DI TOFHE/ \2—

NCS-1 Ve AL Tl DA I EEELL . 2
OMBAN TR, TR, IR 36 L OV /N iR
HEREL TV DIEN Doz, AR IR T, ik
EHEARREAIN BRI T, — 07, WA IE KO
175 ClE, R L FIERICAIIEA Ca™" L-ULpviEic Ca*
KIS 7T PIEH SN TNDEB ZLNDM,
NCS-1 OF 8L & _EH LTV = (Figure 4) .

3. 2 NCS-1 #BREIRBLI-LETDEE

NCS-1 ZE:Z DRI T T /7 AV AL L0t F 5%
BISHLLTBRAMDAL, 2R OB RFEHE 12
Z I ELABROME R T 25010872, - AN
FOHEESE Ad-GFP AL 7 =73 ar Lizh DL~
Ipotz, MR Ca®" IR & 2k BB L - R DB Ic B
WTHIET D&, FRCEH ORI Ca® L-ULEBIW
Ca®' FIU P hOIRIEN EF- LT =2y, BLBRIENC
CNTHTAE R RO BRI CIXZ O L5 7 MG
HHIIRISTZ,

3. 3 NCS-1 &#RIESH-HZEDEE
NCS-1 o RGO 4E 7277 KO) 7 AT,

Cardiac specific NCS-1 Tg mouse (WT,E120Q & G2A) WT __KO WT TG
GAPDH
Salt Xba1 Sal1 -
Remove stop £ l “—GAPDH
U71441
Human NCS-1(AF134479) HA PolyA s - l—
N - ‘
a -MHC promoter stop ji'- NCS-1

Figure 3. Construction of NCS-1 Tg mouse and confirmation of knocking out of NCS-1
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NCS-1 is expressed higher levels in immature heart

0 o
< éeo ¥ 1w 2w 3w 1m 2m

NCS-1 | et ||t s

| -

E14 P4 1w 2w 3w 1m 2m

N

NCS-1IGAPDH

(=4
)

Frozen section (11 day-old mouse heart)

Peri-nuclear

Plasma membrane

-~

Cultured myocytes (neonatal)

NCS-1 is localized to the Ca2*-handling organelles

Figure 4. Expression pattern of NCS-1 in the heart

1% 4 o A UL T LB 03 IR I THE TR DI D B3,
TERDAEFRITI AR (WT) EHEVLE DL T2,

D —IE LD DHEREA R L 72 L2 A, A% 1.5 7
A OO TITINAHE ], stfEH eb iz Z DO RESITH
BRETROLNT, o TULEREL 2 b7z, L)
L NCS-1 @ KO <77 AH RODEEE DA Tl Frici
ERERE DA A TICBWTHEHAEIOMES A H T
IR TL QW& ZAUTEEOAIREN Ca™" JREEDBEE 2
K RO BN, EHICHEDEETHE, MR THED
EEEZEOMIBASEDSTRD BTz, LL KO < AL
WZT T IO ANAIZED NCS-1 ZERBESELE, Ml
FENHL AF 2 —S DT EN DT,
3. 4 NCS-1 &MBXREDER

NCS-1 DMERIERU B3 D& EIZ O T 5720
AR D3R A 3 Ze o7, B DIl kR % 208K
FHHK T ZUSNL72& 24, Endothlin-1 (ET-1) 213U &
TN DDNDFIERIEIZEID . NCS-1 DFEBLEDHY
IMDFROHAT, — 7, B OAAIIIZ ET-1 % 3 H A
5325 WT TIRBEE 2 DIER A4 U223, NCS-1 D KO
DR TIEZF DSBS TV =, F72 in vivo heart |20
TH, iR1BEEI=R 7% M 72 phenylephrin (PE) O
infusion (240D WT TIZBRERLIERB AL, KO <

JATIXBAE A5 T, LLEORERIL, NCS-1
M ET-172E OV IR XD DB R AR & A A
LCWDEWD BT FTREME A IR L CUVD,
3.5 NCS-1 &#fila Ca®* FSo LT UMD R
NCS-1 23O BRI G FRIZ 77 5-L T FTREMED R
X FUIZZ L0, RIS NCS-1 EffaN Ca*' hovyyomy
D BEREZ LN T D720 B EHHEI T D558 05
FAND Ca®* b7V M R IRRIRT# T WT £ KO
THE LT, ET S BEARKATCIE KO LAl T,
WA D Ca* L UL MEL 2o THRY | 2SN
Ca" N7V VZURORELIK TL, SHICA#hgho
frequency NEAE (K72 > QDI ENN DI TZ, 2D
DOFEFIT NCS-1 A0 Ca®' V7 F LI H S5 L T
WHZEZETREL TS (Figure 5)
SOICZZICZ BT D728 ATP &Nz 5, WT
TIRUAF e S TR ORI Ca>" LLad
FHL, Ca¥ FF VD Frequency b _ERBHEV)HE
A7 2L DERD HITZAY, 2 KO Oif ik WT 1%
EEFLBRNWEWIHIENBGED LN, K 5 ON—TF7
TV oD T —2EFLbiobOTHLHN, IUER ., 5
FEHAI 71246\ C KO CTHAFEIZ ATP (1285 Ca*' hFoy
TURDNIIAMEL Ao TWBZEN OIS, T72bh,
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.
Cultured cardiomyocytes
100

20s

035

0.904

0 RAR

0.00

WT

ATP (100uM)

KO

Systolic

ATP

0954 10,95
090 ‘ 090 I |
LN || Hlm (i 035,

0401 M
0.76 U
u-.rcr—'ﬂ'!'-‘l'“l“'I “

0.65

Diastolic ..

Amplitude

035
030+

115~
0854

0807 2au

0.75

070

Indo-1(F 454/ F .50)

Before

206+

“+ATP

" Before

AT

NCS-1 npromotes IP.R activitv in the heart

Figure 5. IP;R stimulation-induced Ca®" transient is diminished in KO myocytes

NCS-1 BZEEFEOBED Ca™ > 7/ HIRICH RS
G L TWAZEARL TS,
3. 6 NHE1 &HBIZLSHDIEXRE NCS-1 LD
NCS-1 D KO 7 AIZH T, Gq coupled receptor I
X THIEEZSND BRI TNDIEND,
RIZ NHE1 DR TEMELIZE D008 KA NCS-1 &)
5= oS e Nt NN 3/ R Q= AN TRVRY i L O i s S Y
HLIRTIEZAT > 7o iE M NHE1 Z =587 5%
TG ¥V AL NCS-1 D KO w7 AZ#T G 3 Z&I2dh%
NENBA~TED Fl 215721, F1 E9LEENTHhET
F2 ~UAZAG, £DOH T, iEFMAE NHEL Z &3 8L
NCS-1 #i@H 1 ~LEF> NHEI-TG, X OEME(L Y
NHE1 Z@&REHEL, Lovh NCS-1 X ™0 g afi-/en
NHEI-TG/KO, £7=ZhEhnn WT ©® WT H5\ i
NHE1 (Fi# % CTH257 NCS-1 [ KL T\ KO D 4 fill
D=IADDMERIERRAERZ ik LT, £ 2hb~vr A
DIUNEREZ L= — CHERRL72& 24, Figure 6 D157
FERDGONT, T72D5, LRIOFFEL R, WT ~v
AIZHE~ NHE1-Tg ~v ATtz 5 L OUGE co
EZENENRKELL>TEBY, ZO5E % Fractional
shortening (FS) 23 BE 35 123800 L CULAE I RE S 22342 U T

WHZENDID, — 17, NCS-1 DKO T ATIIWT &%
AUTE DHERBIC TR O DAV o T2, Zhnd NHEL
-Tg/KO ¥~ ATIZNHEL IZL5 0D R K2 S Dl
ATREME R IR L7228 TR U EEARRYIZIT NHEL-Tg
~ T AL FERRIRH N 31T 2 DB RE AR BT T
WBZ LD oT,

WIT, JEREIZDOWTHZ D 4 O~ T A THNT A1 T85>
7~ Masson trichrome %2 X0 DO I RE RS L OHE L&
AT &Z A, Figure 7 12798912 NHEL-Tg THAZE/R
JERRFLD DB RINAEL TWDZERN DTz, 2D
TIFHAHE LB DIz, —J7, NCS-1 @ KO LMif Tl
WT CHE AR E TR O B 57223, NHEI-Tg
/NCS-1 KO ¥V AT, DEREEIK S HE A0, Tel
AEALS T IOR BRI RTL D IE R AT TRV
(DR B W T LW RHE LSO BT,

4. B

AMFRIZED DI BLL TWAIZH bbb T, &
DREREN LD > TR Ca®' B — NCS-1 125
WTLLTFOZEDRRABDE 25T,

1)NCS-1 1 TR O LI i FEFRLL . F DO
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LVIDd (mm)
e A N @ & 9 9 N

WT NHE1-Tg KO NHE1-Tg/KO

75]

FS (%)

o

WT  NHE1-Tg
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2 4N @ g 9 3

Figure 6. Echocardiographic analysis

NHE1-Tg

Tunnel

WT NHE1-Tg KO NHE1-Tg/KO
KO NHE1-Tg/KO
NCS-1-KO NHE1-Tg/
NCS-1 KO
ﬂ 8 %
S
Y

Figure 7. Morphological analysis

Ha P JRAE I TR, B2, SR &~ 7-#laPy Ca®t i1
ERALIZEEREL Uz,

2)NCS-1 %75 /A AIZ T HEHAEIT D53 DAk
AR R BLE D L | BN D EIN &L AE KGR
R FZ A T2 E LFRROTEREEA LR AT,

3) I NCS-1 Z KB LT2 v T AT WTIZE ML IE R
EhpLIZIHAR AIZIEFITHI<, BRI OB CTT R
—UANELDZENDD -T2, NCS-1 IR I A%
22—,

4)NCS-1 KO 7 ATIX ATP fliic k5 Ca®' hooy

IO _EHNEEE TR TV, F72 ET1 X° PE 728
OUMERFFER 722 T WT OXH7ZRBEEZDAEK
SRR BN T2, ZODOZEIE, NCS-1 73 Gq coupled 5
HHNRZ Lo TAEL D OB R T 5L TD
ZEERELTND,

5)NHEI-Tg 3L ONNCS-1 KO ~7 A&nFhiH7-3
Brh, NHEL OFEMAGICE > TRl &SN D0 ERIE
NCS-1 K TIHVAF 2 —SRNZ e DD T,

TR DHRE R NCS-1 12 X% 0B KA A % s 3
NHE1 (ZXDZN TR D ATHEMEZ RIBL CTND, FAE
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IELARTOAFFEIZ LD NHEIEHARIC IR Na™ L
LS EFL, 2 Na'/Ca®' ZSliginds R Dis AL 2L
THIMEN Ca®' L-ULs ER3DZ L2 WE LTz, 2
Ca*" KAFME DR 7 ) VT D calcineurin-NFAT #%
&3 LU CaMKIIHDAC #R & Dl 5 A 15 M L 575,
Tg L TIRODAERINSIA FTHD p38 MFrITIEMELE
N TS, EIZ CaMKI-HDAC #5471 CTEMER
PEPNDHEBZZ DIz, — 75, MIKEN Ca™ DRI
1%, CaMKII |Z&5 PLB DU fig{k., 5| &##< SERCA Dk
PEALZ AL T SR @ Ca*" EAHINSHE, 2D positive
feedback SHIfESEZFIEEIL, DABA~LEILEEZD
A17= (Figure 8 /),

INHOREREDNCS-1 20T 20 IR KT D7t
CaMKI/HDAC &L DOELDEHEESND, — DD A]
REMEIZ calcineurin-NFAT #%3#& Téh 5, NCS-1 D KO L
TZORBEDINHISHLAUZE, PE S ET1IZXK D DR T#E
BWEhbEE 2605, Ll NHEl Z@EBEHL W5
&\ Bilx calcineurin-NFAT #%#% 7386 F0IEMALIi7e< T
% CaMKII/HDAC #EBEOZE L NEME(LIZE > TLAEK,
DARBITAETSES, —J7. calcineurin-NFAT #&H13 O E
KIEFLIIMZH RO Y S A SV EARES L2035
TS, EEE NCS-1 D KO LMF TIEARAIZIER 1T
FIST R —=T ANRAEL D, ZOZENBHEBIT DL,
NHEI-Tg/NCS-1 KO =D AT LIERIZELDH, ¥

A7V PIHI S TO D7D AR E AT | SRR
IE DA A S UTZ RTREMEDYE 2 1D,

5. SEDRE

NCS-1 %A L72 DB RTE RGO FE72 55 - H i 2
5, £ calcineurin-NFAT RO HTHDHN)N,
CaMKII/HDAC B DOBEH-O FIREMEL 5, JiikIE
WT VA TLERIEER T TOERZEISE X,
CaMKII DOVl BI O calcinerurin {EVEDFEIETH
% MCIP 2MEINT 5 LafeD 1=, [MILSEMHT KO
TATIZEIDRFTTT 5, IHIT, TOHEDBIETIHBLUC
DWTEE I D, Calcineurin NEMELE D LR
BRI TdhD NFAT Z i) B L NFAT 2EENICEAT
95 & (Crabtree & Olson, 2002) , —J5, CaMKII 23&ME
{EENDEENICAFAET D HDAC WU ESEsC
HCL R R DI R S - R Bl A2t 52 & (Backs
et al., 2006) 3 FNHIL TS, fiE> T, NFAT 351UV HDAC
ST OMBNBENRY—ERDHIEITLD,
calcinerurin-NFAT #% #3508 CaMKII-HDAC #&# DIk
MALDO A B TR TE D, FEBE. NHEL-Tg Lz T
AT AR Figure 9 TH 5, RO FEBR%Z . WT
& KO H DB DI DIE RS R IR T2 5% 5 LT-

B EIRDMITONWT, S %IRFTT 5T ETHD,

NHE1t

a8

Na*];1

NCX1 (reverse mode) t

// CaE+]

calcineurin CaMKIl t
pss— B 1
NFATc HDAC4
activation inactivation
Hypertrophy

pH;1

SERCAZ2a activation by
n CaMKIl-dependent

PLB phosphorylation
.

SR Ca?' content T

Cell death (calpalne caspase..)

- Heart failure

Figure 8. A possible mechanism of NHE1-mediated cardiac hypertrophy
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Figure 9. Localization pattern of GFP labeled HDAC and NFAT

XERF

Aharonovitz O, Zaun HC, Balla T, York JD, Orlowski J &
Grinstein  S. (2000). Intracellular pH regulation by
Na(+)/H(+) exchange
4,5-bisphosphate. J Cell Biol 150, 213-224.

Backs J, Song K, Bezprozvannaya S, Chang S & Olson EN.

requires phosphatidylinositol

(2006). CaM kinase II selectively signals to histone
deacetylase 4 during cardiomyocyte hypertrophy. J Clin
Invest 116, 1853-1864.

Bochmerle W, Splittgerber U, Lazarus MB, McKenzie KM,
Johnston DG, Austin DJ & Ehrlich BE. (2006).
Paclitaxel induces calcium oscillations via an inositol
1,4,5-trisphosphate receptor and neuronal calcium sensor
1-dependent mechanism. Proc Natl Acad Sci U S A 103,
18356-18361.

Chen XL, Zhong ZG, Yokoyama S, Bark C, Meister B,

Berggren PO, Roder J, Higashida H & Jeromin A. (2001).

Overexpression of rat neuronal calcium sensor-1 in
rodent NG108-15 cells enhances synapse formation and
transmission. J Physiol 532, 649-659.

Crabtree GR & Olson EN. (2002). NFAT signaling:
choreographing the social lives of cells. Cell 109 Suppl,
S67-79.

Koizumi S, Rosa P, Willars GB, Challiss RA, Taverna E,
Francolini M, Bootman MD, Lipp P, Inoue K, Roder J &

Jeromin A. (2002). Mechanisms underlying the neuronal
calcium sensor-1-evoked enhancement of exocytosis in
PC12 cells. J Biol Chem 277, 30315-30324.

Nakamura TY, Iwata Y, Arai Y, Komamura K &
Wakabayashi S. (2008). Activation of Na'/H" Exchanger
1 Is Sufficient to Generate Ca’" Signals That Induce
Cardiac Hypertrophy and Heart Failure. Circ Res.

Nakamura TY, Jeromin A, Smith G, Kurushima H, Koga H,
Nakabeppu Y, Wakabayashi S & Nabekura J. (2006).
Novel role of neuronal Ca*" sensor-1 as a survival factor
up-regulated in injured neurons. J Cell Biol 172,
1081-1091.

Nakamura TY, Pountney DJ, Ozaita A, Nandi S, Ueda S,
Rudy B & Coetzee WA. (2001). A role for frequenin, a
Ca’'-binding protein, as a regulator of Kv4 K -currents.
Proc Natl Acad Sci U S A 98, 12808-12813.

Nakamura TY, Sturm E, Pountney DJ, Orenzoff B, Artman
M & Coetzee WA. (2003). Developmental expression of
NCS-1 (frequenin), a regulator of Kv4 K' channels, in
mouse heart. Pediatr Res 53, 554-557.

Schlecker C, Boechmerle W, Jeromin A, DeGray B,
Varshney A, Sharma Y, Szigeti-Buck K & Ehrlich BE.
(2006). Neuronal calcium sensor-1 enhancement of InsP3
receptor activity is inhibited by therapeutic levels of

lithium. J Clin Invest 116, 1668-1674.

- 86 -



Sippy T, Cruz-Martin A, Jeromin A & Schweizer FE.
(2003). Acute changes in short-term plasticity at
synapses with elevated levels of neuronal calcium
sensor-1. Nat Neurosci 6, 1031-1038.

Tsujimoto T, Jeromin A, Saitoh N, Roder JC & Takahashi T.
(2002).
activity-dependent facilitation of P/Q-type calcium

Neuronal calcium sensor 1 and

currents at presynaptic nerve terminals. Science 295,

2276-2279.

Wang CY, Yang F, He X, Chow A, Du J, Russell JT & Lu B.

(2001). Ca(2+) binding protein frequenin mediates

GDNF-induced potentiation of Ca(2+) channels and
transmitter release. Neuron 32, 99-112.

Weiss JL, Archer DA & Burgoyne RD. (2000). Neuronal
Ca®" sensor-1/frequenin functions in an autocrine
pathway regulating Ca®" channels in bovine adrenal
chromaffin cells. J Biol Chem 275, 40082-40087.

Weisz OA, Gibson GA, Leung SM, Roder J & Jeromin A.
(2000). Overexpress ion of frequenin, a modulator of
phosphatidylinositol ~ 4-kinase, inhibits biosynthetic

delivery of an apical protein in polarized madin-darby

canine kidney cells. J Biol Chem 275, 24341-24347.

-87 -



No. 0912

Cardiac Hypertrophic Signaling Mediated by the Interaction between Na'/H"
Exchanger and the Neuronal Ca®" Sensor NCS-1

Tomoe Nishitani and Shigeo Wakabayashi

Department of Molecular Physiology, National Cardiovascular Center Research Institute

Summary

Activation of the sarcolemmal Na'/H" exchanger 1 (NHE1) is increasingly documented as a process involved
in cardiac hypertrophy and heart failure (HF). We have previously reported that transgenic (Tg) mice
overexpressing a constitutively active form of human NHE]1 in hearts, developed cardiac hypertrophy and HF.
Elevation of intracellular Ca®" levels followed by increase in Na' level, and subsequent activation of
Ca*'-dependent hypertrophic signaling is the molecular mechanism of NHE1-induced cardiac hypertrophy (Circ
Res 2008).

Like this, intracellular Ca*" regulates variety of cellular processes, including cardiac remodeling and the
functions of Ca”" is mediated by Ca’"-binding proteins. NCS-1 (Neuronal Ca®* sensor-1) is one of these EF hand
Ca*"-binding proteins, which plays an important role in neuronal functions. ~Although NCS-1 is also expressed in
the heart, little is known about its functions. Since our preliminary observations using NCS-1 knock-out (KO)
mice suggested that NCS-1 is involved in hypertrophy, we studied whether NCS-1 actually mediates cardiac
hypertrophy and if so, what the molecular mechanism is, by using both NHE1 Tg and NCS-1 KO mice.
Immunofluorescence analysis revealed that NCS-1 is predominantly localized to the Ca*" handling organelles,
such as plasma membrane, nuclear envelope and sarcoplasmic reticulum in cardiac muscle. Over-expression of
NCS-1 induced cardiac hypertrophy concomitant with increased spontaneous beating rate of cultured myocytes.
In contrast, KO myocytes exhibit less sensitive to hypertrophic stimuli; i.e. receptor stimulation-induced increases
in intracellular Ca*" transient and cardiac hypertrophy were both prevented in KO hearts, suggesting that NCS-1
mediates hormone-induced cardiac hypertrophy. Mice overexpressing NHE1 but lacking NCS-1 protein,
however, had little effect on preventing NHE1-induced hypertrophy. These results suggest that the signaling
pathway involving NCS-1-mediating hypertrophy may be different from NHEI-mediating one, where
CaMKII/HDAC pathway is the main pathway. We are now investigating the possible involvement of
calcineurin/NFAT pathway as a main signaling pathway mediating NCS-1-induced hypertrophy.
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