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7. BT T ARG I

cAMP and nicotinic receptors

Yoshihiro ISHIKAWA, Sayaka SUZUKI, Motohiko SATO, Satoshi OKUMURA, Utako
YOKOYAMA, Kousaku IWATSUBO

Department of Physiology, Yokohama City University Graduate School of Medicine

We examined the role of nicotinic receptor stimulation in regulating Epac expression and the role of
Epac in regulating neuronal cell apoptosis. We found that overexpression of Epac increased the
number of apoptotic cells in cultured neuronal cells, but not in cardiac cells. In contrast,
overexpression of PKA increased apoptosis in cardiac cells, but not in neuronal cells. These
findings suggest that the role of Epac is different from that of PKA in regulating cell apoptosis
between neuronal and cardiac cells although both Epac and PKA are activated by cAMP.
Molecular mechanism of inducing apoptosis in neuronal cells was found to increase the expression
of Bim, which is a molecule upstream of Bcl2, binding and preventing Bcl2 from exerting its
anti-apoptotic effect. We also found that acute nicotinic administration in cultured neuronal cells
decreased Epac expression while chronic administration had no changes in neuronal Epac
expression. These finding suggest the role of nicotine in regulating Epac expression differs
between acute and chronic settings.  Nevertheless, nicotine receptor stimulation can regulate the
expression of Epac in neuronal cells, which is an important regulator of cellular apoptosis in
neurons.
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Characteristics of Exercise ECG of Long QT Syndrome
Who Have Symptoms during Exercise
Mari Iwamoto,"” Takashi Nishizawa,"” Shigeo Watanabe," Yasuhiro Ichikawa,” Nao Shimizu,"”
Kazuko Yamaguchi,” Tohru Akaike,? Utako Yokoyama,” Kiyohiro Takigiku,”
Takuma Sakon,” Kiyoshi Yasui,® Toshimitsu Shibata,® Ichiro Niimura,” and Shunpei Yokota®

"Department of Pediatric Cardiology, Yokohama City University Hospital, *Cardiovascular Research Institute,
Yokohama City University Schoo! of Medicine, Yokohama, ¥Department of Cardiology, Nagano Pediatric Hospital, Nagano,
“Department of Pediatrics, Fujisawa City Hospital, *Yasui Clinic, Shibata Clinic, "Niimura Clinic,
®Department of Pediatrics, Yokohama City University School of Medicine, Kanagawa, Japan

Background: Symptoms (syncope, cardiac arrest, sudden death) in long QT syndrome (LQTS) are triggered by exercise, emo-
tion, or sleep/rest arousal. QT responses to heart rate during exercise are not good in LQTS patients who have symptoms dur-
ing exercise. We estimated other indices of ECG during exercise in LQTS patients.

Methods: Ten cases of LQTS with cardiac events during exercise and 10 controls (post mucocutaneous lymph-node syndrome
(MCLS) and normal coronary artery) were examined by exercise ECG. RR interval, QT interval, and QT peak: QTp, T peak-
end: Tp-e were measured, and corrected using the Fridericia formula (QT/RR"™).

Results: QTc was increased to maximum values at the recovery 2--3 min. phase in the LQTS subjects (17% increased com-
pared with rest), and in control cases QTc was not increased during exercise. Tp-¢ ¢ were increased during exercise in LQTS,
and improved after 8-blocker therapy. )

Conclusion: ECG parameters had characteristic changes during exercise in LQTS who have exercise-induced syncope. Those
changes may be an important factor for TdP.

2 B
Fx QT ERAEMRN (LT LQTS) I BT BAEMR (5t - LVEIE - RAFES) OFEIZILED - HHRERR - BRPZ
EOF A4 THEHMENT VA, BEFREMREMEZET S LQTS TiLEEIZ L 5 QT DLARENFRETHSE. 2
T, BEHEWLERICBY 2BHIZOVWTHRIT L.
Fik  EEISREMRAELET S LOTS 108 & 3> FU— 10 B UNISHETEETENRS) | BB B O ER % 51T
LAOER EDOZIEIZE(RR MRS - QT M - QT peak : QTp - T peak-end : Tp-e) % &Hifl L Fridericia #i2 TUHEHIEL
HEREE L7
R LQTS &FI TRFRNIH L T QTe A LEMI 2 ~ 3 FICRA(RBBO 17%MIN) & 2o/ a2 ho—
LB TIZEBIC L 5 QT DI AIEA SN L Hh o7 Tp-ecd LQTS TEREBRIIBALANE VU v i -5
IHESL SN

FAC194 8 A 20 BHEM  FURIEEKRSE T 236-0004 LT E&REAEMH 3-9
FR2F10H 5 BRE HET L REM BRI NERRER 5 RHE
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B ERERNORMELET S LQTS CRHEMN L EBEMLEREEL, FORRIERHII L > THERSL

% torsades de pointes DEELHF L EZ HILE.

IS

QTEREFEBF (LT LQTS) LD T v A VEH
LD QTEFMOERE %2 L, torsades de pointes (TdP)
LN D SR LERABRO RIS L o TR
HwhA, SLEEREDYRAIOHEZETHELA
TWAHRETHS. F3,000 AH77zh 1 AiZHLNE
BMOFBCRIHIBEHEEERTEY, 2BLRK
FZITHBRICER SN QT ER 1T Athoshi B2k 3
EF 1100 N2 1 ABETH DY, LQTS DAEIRREE
WEB R R IK IR E SN G A L EEERR - BISHE
LEDBBLBMERTERINLGS, EBREPIC
BIA2BALH S, LE, bhbiuz, EBFEM
ZMEZETHLQTS U BV TEE)IC & 5 QT peak
(QTp: QDS THDTEL  THREM) O LIRS EN
RETHAIERRELL™. TbbEETIIES
T AN LA L RR MBS ERET 50128 QTp b
BHEL CTEMT 20Ica L, LQTS Tt QTp DEMED
TRTHol AWETHEDTFREERELET S
LQTS EFOEBHAF LCEXNFROFHEBEL ,ICT
A1, BB EMATHRE L

FRETSTE

BETMIAZENRBERSHEEZZ LA LQIS 0ES
D5 HEERE E KK EMBEELELLIED
HHEBEI0ZBoeR H4Z)THEBIIS~ 4R
(FH10E) THE. 10BD) LRESHI2HATAS
Thot: 10&FPIBIZEWBEIZL 7Ty 51— (pro-
pranolol 1 ~ 2 mg/kg/day) ES 2 FIE L7-. 0 1 £
ANEBVWHRETRECTREBEESTHE. 8%
KVLQTI DEE (2FIEEETRVORE) HRE SN,
BY 2B RIEFHREFTHL. o bu—VEEL
TADNBEREEECTHROBE (B 6Lk 44,
FW7~ 13 FHIOR) e E L

P L TBruce 7O b I —MiZL A bL v F3
VEBRF TR P EFERAAWE TRITL 2. EBE
MZEoTLQTS BETIIEMEEEE U 5 TRk
HELHDEMOILEVDL L IIREETHITT AL
BLUBRWBRASSF Lo @2 EOBRERELTE
RO MBZ REIZITALLIIILTHREZLEEE
LRBOREIIHBLA Y 7+ —AFarvEr b aH
729 2 TIT o 7z L EEEL 8 13 Marquette i 8

CASEI6 ¥R L 15 HHOMETLY.LEHEHKED
A ¥ — F 50 mm/sec, 20 mm/V DA — LTk L
7o, wEREE - EBY - EIEH 192 & AEE(HR),
RR /8, QT MM, QT peak(QTp), T peak-end{Tp-e :
THEL»LTEXRXTI COBM R TV A%
AT FETEH L 72, T #i32605% broad based T @
BEFELTBY, BORELTHETETH L
VS BEIC TR AT o EBBRFFOFHHITIE
BEE IR L EROARLESEBLIUPREDE
BOREoTQTHRRDHEEIARTE L 25 H D
QTHETIXQTp WA XML 2. LK (RR M)
DEEALIZ X BMIE IR Fridericia #(QTc=QT/RR'") % f#
AL7:. ZOBEEEEHENROLERDORET A
HHOENENTOEEITH ) ILE S5 Bazett T
i3 QT FIBE D BRI 7 % 72 @ Fridericia D13 9 #F
RULrHPERLLTHL™ Y. FEIS N/ QT
QTp, Tp-e END/¥F A — % — 2§ <XT Fridericia &I
TLABMIEL, TR QTc, QTpec, Tp-ec &F
RLUTHERST L. FAREBOQTcRERELL
TEBNRD QTe HMD % TR L% up QTc & LTE
bR L7 E£7: QT MEENC L 5 LRI EDFHED
e UET b b NAFT 572 HE T QTp & RR FiEOR
B RRESHFO AL B AERDOEE slope(QTp/
RR) &R, Thodftll: LQTS oy bo—
VMEITHITLEBRRE L, $42LQTSHEDIFTA
7Oy AL BERERBLL. BT H Y N —&S
Mg TEHEHFLERIZBITAZBEOT(LEHETL
o LQIS#Eay o — W HEO2HEHE O BB
Mann-Whitney’s U test # AW TERE S FH*FE
ELZ LQTSHlicB 3 70y h—H5HH%OK
#713 Wilcoxon signed-ranks test % F\» TERE 5% FKif
FEELL

= =

SEDER BV CESEF OCERBETRICEHE
R LEUREREELAII Lo/ LQTS L
Ty ba—LEHIBIT A ERAER CERBITPO QT
ELERECCPEME) OBEY Fig. 1, 2R L
LQTS B (Fig. 1) TIIREBELD QTe, QTpc & biIlE
BT, ERES(EEH2 ~3 ) ITiF s o iERLE
DFICKBEOMBEMNTE TRE L. Tp-ec LIZITHE
BEHOEBEHE2 ~3 TR RERo/ THIZHLZ
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msec
550

500

450

400

350

300

250

Exercise TMT in LQTS group
Exercise Recovery

QT

Rest Ex} 2 3 4 5 6 7 8 peak Rec.1 2 3 4 5§ 6 min

Fig. 1

Mean+SE change of QTc¢ and QTp ¢ during exercise treadmill
test (TMT) in long QT syndrome (LQTS) subjects. QT¢ after ex-
ercise were longer than those at rest, and they were at maxi-
mum value at recovery 2-3 minutes.

Exercise TMT in Control group

msec
550
Exer Recove
500 cise Ty
450
QTe
400 -M S
350 —QTpe——— —
300
250 o =
RestEx12 34 5 6 7 8peak Rec.1 2 3 4 5 6
min.
Fig. 2 MeanzxSE change of QTc and QTp c during exercise treadmill

test (TMT) in control (post-MCLS and normal coronary artery)
subjects. QTc after exercise was not longer than those at rest. -
MCLS: mucocutaneous lymph-node syndrome

v hO— VBT (Fig. 2)EBH B L UHEENE QT D
HEZEKIAOL 2. BBHEMIZLIBE/55
A—F—DF LH% Table 11277 L7z LQTS EHNIZ
10812 T QTciz¥RL, FORKAMEXIFTHE
Wo~3picabh, 1HTRERSFICALRT

QTc DEIMBIILHED 166% Tho/. T ba—
VEITILEBBHICLAFELZ QTcOERIIA LGN
Lo (QTcEME34%). £/ Tp-ecDEALIR

QTc L EHEIC LQTS 2BV TR LEIE 2 ~ 37718
BAEE ZomA 2V -V ETREELRELIE
Kb d otz WIZQTp & RR DZRITRTRDES
% Fig. 312/ L7, EBFRUREELETHLQTS T
12735 QTp/RR slope (ZF1 019 T2 » O —LED
5029 EHLTHEIZEEZ /&L, QT O.LHIL
BARBETH o2 (Table 1), MEIIBWVTEBREK
Lot $ (peak heart rate: PHR)IZZEE B2 7045, rest

FgE1B1R 7
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Table 1

Comparison of parameters of exercise stress ECG test between LQTS

and control. In LQTS subjects QTc and Tp-e ¢ at rest and their maximum values
were longer than those in control subjects. QTc prolongation was increased
after exercise stress test in LQTS subjects, but no remarkable change was
found in control subjects. The QTp/RR slope in LQTS was smaller than that of

control subjects

LQTS (n=10) Control (n=10) p value
PHR 153+18 bpm 167116 n.p.
QTp/RR slope 0.19+0.07 0.29+0.04 0.01
Rest QTc 486+18 msec 388+15 0.006
Max QTc 543422 msec 40111 0.007
%up QTc 16.6+3.5% 341286 0.007
Max Tp-e ¢ 125+14 msec 9817 0.007
PHR: peak heart rate
QT 400 *
p
(msec) LlQ Tl0 23 g
siope 0. Tl
................. *
......... »
L
200 | *0 -
g
Control
slope 0.36
100 _...“,,....-;;..‘,.-‘:'..,.. pe
0
0 100 200 300 400 500 600 700 800
RR (msec)
Fig. 3 Scatter plot of RR and QTp during exercise stress ECG

test in LQTS subject and control subject. Control sub-
ject's slope of QTp/RR was steeper than LQTS sub-
ject’s slope. Heart rate response of QTp in LQTS sub-,
ject was less than that in control subject.

QTc, max QTc, max Tp-ec, % up QTc X LQTS &l B
WTHEEIZHELZR LA (Table 1), RIZEEERITL
ZZLQTS HD OB BITHEEH L g 7ay -5
HBOZIBEIZOVT Table 212R L7 g7 Oy —
BEIL Lo THEEREFATEMEEVHR SN, B
70y —HKSEHEOLETIE PHR & max Tp-e cid
KT L7275 rest QTc, max QTc, % up QTc |3 (G AT
BTHELELIREN o7,

z =B

ERELQTS B INFTII 3EEORZFEES
FEShTEY, RIEFOS A 7IZL VBREEROH

BB EFSORRZAZESMONT WA, LOTI »
513DH L LETI-2-3 %L, 0N 15%% LD
T3, LOTI TILEBBRE N D Lt RRTES 60 ~
70% THDHDIZF L LOT2-3 T3 0~ 13%IE L TRY
ITERY - RELECLERBEVREQOEoPITITSH
2. EHETREREFRESIN/ASHILILOTITH Y
EFANF Y FNVOEEEBUORETH D Z & v R
L7z, BY 2B BRIEFORRFRTH 2 THEEL
2l broad based T T LOTI BB L I NEZ LD LR
BTHHY FEFMOKBSTIILBFLOTI TH
AU EENEVEEZLNL 10BE LIEBP T
AR I KB EL, BERWIINT
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Table 2 Change of parameters at exercise stress ECG test in LQTS subjects
(n=9) after 8-blocker medication. After medication, max HR and max Tp-e ¢ had

been lowered, but QTc had not changed

p value

Baseline {n=9) B-blocker
PHR 153+ 18 bpm 141+14 0.006
QTp/RR slope 0.18£0.07 0.19+0.12 n.p.
Rest QTc 486+18 msec 454+20 n.p.
Max QTc 539429 msec 524146 n.p.
%up QTc 17.8+6.7% 16.89+7.0 n.p.
Max Tp-ec 125+ 14 msec 109+12 0.02

PHR: peak heart rate

5 QT HHZ EDLEROEIIIHFENTH- /2.
ThHbLLLQTSEETIE oy bu—VELEET S
&, EHHEHOQTERVHEEL TpecbERL
720 TOX) I LQTS HE 10 FleflicA bh
o8, A bO—NBETRESFITQQTEE*ETAS S
Eixnd, EHFRURETET S LQTS IZHRFEIN L
R TH DM EENRE I N DETbhb i E
1285 QTp DEALEMLQTI £ LOT2 - EEFITIE
BLhbIEHyHELLY. JORETIILERLE
BIE—Z7CBYARREME QTp 23M L TQTp®
4OHEE, QTp/RR slope &Ko7z, EF T o —LHl
T 12 QTp/RR slope 0.258+0.046 T o /- D2 & L
LOTI Ti2 0.135£0.043 L& {, LOT2 Tit 0.353+0.08
BWEEZRLA. L7222 CESNZE S RREHIC
5 QT AMEISEA LOTI TIEARTH ) LQT2 Tit
DUARHTHBL LRI EKRLIZLOTI,
LOT2 1BV A7) YERRBERTL, 20
RIEDMEIZ L W ERATEETHBE LI TERT
U IDITFR— 5 ATEE 0.1 pg/kg) L+ DEEH
HH(0.1 ug/kg/min) 2T A HETH L. BWEBE L
BEFIC—BLTLOTI-2 b QTc EEN A LND
A, EEIREEIR B E LOTI TR QT ERIIFHT 5
DIZFL, LOT2QTed > ba— VL~V FE T2
WA EHMELS P, F£7- Ackerman HAERE L
7z Mayo Clinic DI ¥ 3 7 ) Y BFFEIZBW TR (g
EREMBFE)LOTI TEQTEENHALITH -7
A, LOT? TN EREII—HNAT, L LATH
FOE(2 481 T, notched T) MBI TH - 72117,
EHEFTAMIBWILHEARR AT I I VIPE
BEXERETAIH NGO T VEFTFA M
B LG Fll s s, K CESEM T A b
B ILQTOLEBREEEIEARA7) Y ERFA
MIBITS LOTI ORSERMDO b DOH A LT,

LOTIZBWTHT 2T I /&L > TQT A
HETAIHBFIRUTOLIIEZONTAS, EET
EEIR I T35 I VI D BEERE KT Fr R0
D3 b Iks DEEEFWH L C, LHEDELOFIE
phase 3D K F ¥ A NI L B4 M EBRISERT L7
OESESRE SNESEAEFMSERET LS D |
BlcLBCaF v R VLHEML THMEEBREERL
LEBORBHEME BEEMRREHOER(T2D
LQTEMOEE) #E T2, KF v A NVOFEFD
GHELEFE LTQTIERTA. LOTI Tii ks D
BREEAREIZ X o THSEOREN L BB FHRE
MoOEmEFERVI 2, CaF Yy RANVOEBIIZTL L
OEEE LTI QTERIBET LI LEL S,

LOT2 \BEEFRH K F v 2D ) b Tk ORRER
ETHBHH, Ik lZIEBENL phase 3 DR VEHADHE T
BICBS L, #7393 BB ERE QT ASIE
B4TAD ks F ¥ A IVOEFEHEBIZL - T QT A4
LTKL 5.

IEA7Y YERABRIIENE LTARIZTT) £
EAHLOIKNL, EBETRARIINARSETRERY E
LHITTE, L) HEABIEVKETORETS
3. Lo LESERABRTIRAE, ZENIEN RR
MEOEriEd, QTHRBELE LD LT AL0EHMD
S EEL A LRETHE. FOLHLIFTD
NbhILEBT TLHEFETEELR QTp DFHll & E4 &
L7, QTp U4o QT MEDFHAILES T I IZHEET
HoHH, FAEBIESEEFNTES, AR CIILEH
B ERREREEZTICER L T ESSEERES
295 LQTS OLEBREOFHEIRI 5 Z L AR
Thot:. EBOBRIZBWVWTIE, EBFEMEME
OBEDH 5 LQTS §l - KIRIZESHEDH 5 QT I
EFTEHEH BRI 2 RICTH 22 % BE
DT, FOFEIIEHRERETHOOOER, +
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LQTS BT 7 vy # —H5HQTHHIIAET
Hol:HTpec DERDUERALLNI-ZELY, B
TH v H—O TP FHHROBF L QTRREEOLD
LD L LHHERMOESELOIELDE ML L
WKLo TLERTREROFHHRERLET H T LA HH
Y (-

FEH

EHFRUEORE*ETHLQTS T}, 2 bu—
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