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Summary

Patients with hypertrophic cardiomyopathy (HCM) frequently complain of
angina-like symptoms in the absence of organic coronary stenoses. Coronary spasm may
cause myocardial ischemia in HCM patients. Delta-sarcoglycan plays a crucial role in the
pathogenesis of HCM and coronary spasm in a mouse model. The aim of this study was to
investigate whether the delta-sarcoglycan gene polymorphisth was associated with
occurrence of coronary spasm in Japanese patients with HCM.

Seventy patients with HCM underwent coronary angiography and received
acetylcholine provocation test. Coronary risk factors and cardiac function were evaluated
in the HCM patients. Furthermore, 5’-untranslated region (UTR) G to C polymorphism on
delta-sarcoglycan gene and the polymorphisms associated with coronary spasm in Japanese
were evaluated in the HCM patients. In 31 (44.3%) of 70 HCM patients, coronary spasm
was induced by the provocation. None of the coronary risk factors was significantly
different between the coronary spasm group and the non-coronary spasm group. The
5’-UTR gene polymorphism was associated with the occurrence of coronary spasm with an
additive effect on the coexistence (p=0.025), while other gene polymorphisms not.
Multiple logistic regression anéllysis demonstrated that the C allele of 5’-UTR
polymorphism was a significant risk factor for coronary spasm in patients with HCM (odds
ratio, 3.1; 95% confidence interyal, 1.0 to 9.5; p=0.045) that was independent of traditional
coronary risk factors. -

Although we did not determine the mechanisms by which 5’-UTR polymorphism
on the SGCD gene influences the development of CSA and HCM, there were no
differences in coronary risk factors betWeen HCM patients witﬁ or without CSA, indicating

that the pathogenesis of the coexistence of HCM and CSA might be unique as compared



with the pathogenesis of classical CSA reported previously.

The 5’-UTR polymorphism on delta-sarcoglycan gene was associated with
coronary spasm in Japanese patients with HCM. Screening the delta-sarcoglycan gene
polymorphism might be a useful clinical strategy to evaluate the genetic risk on

coexistence of HCM and CSA.
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HCM: hypertrophic cardiomyopathy

CSA: coronary spastic angina

SGCD: delta-sarcoglycan

UTR: untranslated region

WHO/ISFC: World Health Organization/ International Society and Federation
of Cardiology

ASH: asymmetric septal hypertrophy

NO: nitric oxide

eNOS: endothelial nitric oxide synthase

PON: paraoxonase |

T-C: total-cholesterol

HDL-C: high-density lipoprotein-cholesterol

LDL-C: low-density lipoprotein-cholesterol

TG: triglyceride

BMI: body mass index

DM: diabetes mellitus

CPS: chest pain syndrome

MAF: minor allele frequency

MLP: muscle LIM protein

GRC: growth factor regulated channel
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% IERBLLFHE &R OED S HHIZM LN OBEHERIES L TW1D
AREMEZFER L TV 5 [41],

T 2T, IERELLTERE R 5 EEE M HLE O & PRk LT SGCD @iBF
ZEIRL N E TIOEEEMEIOE L OBERER SN TV 2 BEFERBES L
TWADIZONTHBE LT,

20



Al o e

o 2R
EEBRITIE
x5
REAR K 0 I B R IR IR SR AT B U 72 IR KB A FE R L 100 10D

5. OEERHBERZE 30mHg 2 EOREREABOHE 18 #i & OFEBIR
TERRATLEEIIR S A A OB & 72D 90%LL LD FEBIRIEZE 2B+ HIER] 12
FlOE 30 FlAEERS LT, 70 Bl ARFEOTHRE Lz, )

LI HEj:’_i‘fé:Dﬁ%yfré@%é)“ [ZOWTIEERMEE DT 2 —i2 L VTV [2], ODEFRE -
TEE - {RIEE - D’j‘&? RTET 5. EAM L & TRRDDDRWAE— TIERFRIED
ODFER( = 15mm ) 2RO LEF & L, QEMESLKEARFPIRAEIER EDEERN
EARZ L OTHRES, R OHETIRS L,

F 7o BRI K D R RE S UE DR A T T 5 72 DI REAR R E S ER
BRPEEERENAHI AR L B M D IE R BE ERE 70 41 & /G O/ #IT oW
THE L7z,

DR T — T VRE

BRED 4 BRIMONREEZFLE (=7 V) CEBETE2ERLS) L, #ETTHF
Bl 7 — T VIR & 61T L7z,

F P RBBEHRD A LTz Swan—Ganz 71 7 —7 /L% IV T ATEIRE (HBIIRIEA
JE - DIHERE) ZEE L, DHREEEIBSGREZHONTHIE L., ORI D

:

|

NEERERECHR LIES BV 72, Swan-Ganz B 7 —F WK TRIZELY T —F IV
BTV, EEHERYIE 2 JIE Lz, BV CEBIIRER I CRBIIRIRES 2 2 &
RHER L., EREIR ﬁbf?ﬂza’vv:)/éﬁ (50, 100pg) ZHEIT L7z, £
PNOARIL 5 4P EZ8F CHEFT L. EEBIRICE WV CERBBIIRIZR LTT EF
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a Y AT (50ug) EHEAT U725, 43, 44], #., TEFA Y EAICEL, —
@ﬁ@%ﬁ%%%%k?kbﬁimK—ﬁ%K&—yyﬁw%»?w%ﬁibko

BIHE TRICHEEA Y Vv R BRMICIEAN LELGBEBIREE 21TV, £E
BEEWAT U, EEEEEH LV EERHEER %) ZEEILE,
TR D EHIT OV T |

AR CIE, TEF A2 Y CARIC &V RS TER SR 2 m e L
L UTEE LY, M. TEFLa) AR LB, OEBIROZLMEDL U< i
WO e LA % 5 90%L_E O SEBMIRINR (3720 b R . DL
W LIEERZ 7 EF a2l SARBEE E& L2256, 43, 4],
LSRR R F D REAT

ARFFR T, BEREFE LTILE - B2 27— (T-C) -HDL-2 L AT |
—/L (HDL-C) * LDL-= L AT 1 — /)b (I;DL—C) - PERRRG (TG) - BUTEFE - MBS - BEIR
IOV TRHE Lic, £ ENOEEIUTOBY £ L,
RIE « - -Hy%{“ﬁﬁ,ﬂmjf > 140mmHg and/or JEEHAME >90mmHg and/or FEEIRE
T-C - HDL-C - LDL-C + TG + - - APBE3 A O REAZERHRE M 7 — %
BUERE - - - 10 A H X10 FL EOBYER S 5 b D2 BEESD Y & Uik,
EIFEE + -+ -« body mass index (BMI) = {KE(kg) / HE& (m)?
R - - - REIZEIEREMAE > 126 meg/d] |

and/or T5g iR MEETH 2 BERIIMEE > 200 mg/dl or BERRSIAHE

alléle specific real time polymerase chain reaction (PCR) assay iZ k& A&
BT Z R O |

KRR TIL, BEFEICET A 77— Fary MBELNT 64 41
DUV, S6CD BEIEF D 5 -FERIEREEBUCFIET D G toC ZHU(SNP rs 13170573)

eNOS /=T D-786T/C 25! (SNP rs 11771443) . Glu298Asp 54 (SNP rs41377046) .
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< AEge L@ 45>

1. SGCD gene polymorphism ( 5°-UTR G/C' ) 2. eNOS gene polymorphism (-786T/C)

5 FEHIR N

CE —— IR Y

5 3 5’ 3’

5 s

=2394 6 — C =786 T — C

3. eNOS gene polymorphism (Glu298Asp|894G/T]) 4. PON1 gene polymorphism (GIn192Arg [Q192R])

mel —— [T

2 3

wroer —— I
5 3

894 6 — T

575 A — G
(298 4 2B — T A235 % A8

(192 FN# 30 = TAFE=L)

P {L{EA 24 4 % paraoxonase @5+ G1n192Arg £ (SNP rs 662) (2D T
#fL7-. Genomic DNA (X HMEKAHHhH L, ABI PRISM Genetic Analyzer 7900
(TagMan, Applied Biosystems, Foster City, CA) Tallele specific real time

PCR assay {ZT genotyping 1T 7=,

FAM SR VIC  ExeR

FAM TR L 1 VICT & L 1

T o NI Gap
Wild L8 Gl (#iE28: CIO) ~TemELEETRT CM Mutant & & (R ETY TM)

c [ T
ol S i P I < B Evernill I T
DNA i i #
proml I = 1 PRl ] IS I s T[T
per ] L 1 1
;m:; i FAM "R FAMIZ B34

Fren _ﬁ)aﬂm 7?:,‘ i G_Pmﬂr. 7@__*_‘3': j? mx#

E@UNR U DNA HEIDNA

PCR#i# A TFAMDI 7 12— PCRA i A TFAME 7 1 — 7 PCR# M $4 FAMA 7 10 — 7 fa s

P EATRLL TR PEMRLTRE WRTA OO TR

VICK: B 4" VICH % VICH T3
e P e T Ao - . " " "
T4~ 1_.,‘ _Ime.':s:-\ﬁ ik g A _P:sfma = A :Eanﬁhi a3 gt vy
T T 5 3 T 5’

ﬂ?’DNﬁ #4IDNA HLONA

PCRHE S TVICH Ta— 746  PCRAEA TVICH Fo— PCRAMEA TVICH Fo—7 OwildhEEel
MR TA Lo TRYET PHENBLTER SHEMRELTESE @~FuEsE

Bmutant T EESE

Z D assay TlX, ®HHEF LHEEYEIERICERIN TV 5D TagMan 7' o —

TEERT S, EREAHELDEORET, SAARIIREL THRVA,

DNA 73

Tu—TIEAICRES LT, PCR SR Tbh b L HaF T S hilEewE
DEBLEZITIR D, T 7u—TNERIZL > TELIZDNA LEETE

2uvE PCR RSB EF W e OB E TV ST RETE R0,
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EOFNMEFAM, VIO ZHA L, BEBREICL>T, Owild FEEEE, @
~F nEEASE, @mutant FEEASED 3EIIHIT NS,
BERHARAT

ERRERO D b, EHRH LTV ANEEITESE £ SO CRHEL, EHNH
L TWARWRIEEIC DWW CTIEFRME (F—/WohnR - B=/MUaALR) TREL
oo EEEEITMEITS U T unpaired t-test X° Mann-Whitney U test CHEHT L 7=,
J1 5 =Y —Z5803 Fisher DEEMHERF B 5% & D7 Chi-square test THEAT L7z,
ERBBEFRNTICE LT, 203k — A Hardy-Weinberg equilibrium 2372 L
TWAHZ L 2RER LT,

SGCD BET D C 7 VIVREE L ERFEDEBVEZRITT 5720DICCC BLT
C/G genotype & —2>DF N—7"& LT, ERELLSIE BB B 1T B MR e
DERET %R 5 e OICBE BRI 21T o 7o, Bin 28 L SR E DB
BIZOUVWTER - MR - BRI L 5 RB BT DS EEBET 21T o 1o,
P<0.06 ZHAEZEDHY LHBTLE,
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/:fr‘?)sfz:

o B

3-1. BEE RO
FEARTLOHRE  (n=70) & MEMOAER  (n=70)
LA A R i I e A A
P value P value
(n=31) (n=39) (n=18) . (n=52)

Fis (%) 64+9 63+10 0. 82 67£10 63+9 0.13
PR (FB/ %) 25/ 6 32/ 7 0.88 16 / 2 37/ 15 0.20
BIE (%) 0 (0) 0 (0) - 18 (100) 52 (100) -
T-C (mg/d1) 191+32.8  189%30.2 0.79 185£27.7  191%+46.5 0. 59
HDL-C (mg/dl) 52.4%+15.3 50.0%£16.7  0.51 49.7+14.8 48.5+13.7  0.75
LDL-C (mg/dl)  114+31.0  113+26.7  0.92 107+27.3  117+44.4 0.38

100 121 ' 135 123
16 (mg/d1) 0.31 0.58
(74.0 - 178) (86.0 - 164) (101 - 158) (93.0 - 160)
BMI (kg/m2)  24.2+3.6 24.9£3.6 0.43 24.31+3.6  24.6%+3.8 0.70
bERI (%) 6 (19.4) 8 (20.5) 0. 90 4 (22.2) 14 (26.9) 0.76
R (%) 17 (54.8) 24 (61.5) 0. 57 15 (83.3) 26 (50.0) ~ 0.015

B ESDIER & IBRBLLFRIEREIZ IS T 5 /@i & i /aREF O REEIZ DU
TS LI-E 2 A, BILESEOIERE ClidB iR CRER DEIAENAEIZE N>
7= (CSA: 83.3% vs non—CSA: 50%, p=0.015) [26-28], L/ UJEARELBIESREIC

BWTIEL, WThOREBREF b 8N & OREITEED bhRdb o7,
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3-2. TEF o) AR X VBRI EEEO/FM

REATLCMHEE IS
BT 5 @&

& I EME LR RIS

B4 B IR

p value

B (%)

FayE (%)
EBINRDEEPAZE (%)
DERTO ST EH %)

31/70 (44.3)
29/31 (93.5)
5/31 (16.1)

7/31 (22.6)

18/70 (25.7)
17/18 (94.4)
10/18 (55.6)

8/18 (44.4)

0.021

> 0.99

0. 0086

0.11

TEFAaY CAFMORR, EREL

MBIE R CIX 70 il 31 1 (44. 3%) (2 &8

RIS, BIEME DR BRE TO 70 Ft 18 5] (25. 7%) & B LT, JEAR

DI IR O A PHEE N B

BlIZENo T,

TEEL BT, IFEALDBERTEF L) VARICLIVIELZAEELTEY.,

FERMEOAEMZ R L. (93.5% vs 94. 4%, p>0.99),
FTEFLa) AFICL D BEROSEEFES K- UERIL. IBRELLE

FERECII B MEME DB KR & B L CTHEE 1272 < (16. 1% vs 55. 6%, p<0.01), F

72 ST F R %380 DEFNID RWEmICH - 72 (22. 6% vs 44. 4%, p=0. 11),
BWTIT, BILEMSOIEKE B U TES ORI

ARG ERELLEHIEID

NB| X SNDAEENTR SN, ZOEEE LT, BRELGE CIILES

PEkicft ) BRBE ORI NI X 58NS

EREZDBND,
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3-3. MERER X OYRRI D HLiEg

JERBLUEREE (0=70)

AENE (n=31) FEEEHE (1=39) P value

AR
FHENRHEAE  (mmHg) 9.2 + 4.2 9.5 + 4.3 0.76
DMREL (1/min/m?) 2.7 = 0.9 2.8 = 0.7 0. 80
2= LR ARIE (mmHg) 12.6 = 5.6 13.8 &= 5.5 0.37
FEEEEHE (%) 77.5 £ 7.7 77.8 * 6.3 0. 84

JEKZELLBIAE D Maron 5758

I (% 3 0.1 2 (5. 4) 0. 65
1 (%) 6 (18.2) 8 (21.6) 0.90
I (%) 4 (12.1) 9 (24.3) 0. 36
v (%) 0 (0 0 (0) -
v %) 18 (48.7) 20 (60. 6) 0. 57

IEARELLRRE 2 351 5 REBE IR R DB BHC R 5 Dbt (FEBYIREAE - .0
FR¥L - RIKBERHUE - £ RERINE) ORSEAZBRN LIS, WShoEE b L
TWieho Tz,

Fio. AR CIIERTLLERE 70 Bl 5 5 38 4 (54 3%) ASUABEIEATL L
B Oaron V) Thoto, BAMCEOTILLREEIEAELLE R DR HENE
WZ ERMBNTWDR, WTNORE & EERE N ES P EEE L TV iRdo
72191,
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3-4. SGCD B+ LR D sk

JERELLHIE (n=64)

ARG (n=31) FEREHE (n=33)
BETH 0, %)
G/G 17 / 31 (54.8) 26 / 33 (78.8)
G/C 12 / 31 (38.7) 7/ 33 (21.2)
c/cC 2/ 31 (6.5) 0/ 33 (0)
MAF (C allele) 0.258 0. 106

additive effect (G allele vs. C allele)
odds ratio 2.93 (1.11 - 7.72)

P value 0. 025

FERHEME B LIERE CILIERAEIEBE OMERE & B8 LT, minor allele frequency
MAF) (ZZTHCT7 LAVOEE) REZICEL . S6D EETFEE (57 -UTRG to
C; SNP rs 13170573) 1ZAERELLAHE & B OSHICEEL TWH Z EAREN
7z (p=0.025),
— AN COBBETZEIOMEE 2RI 57201, EEE HapMap FHEOEET2E
— % %K L7z, EBE HapMap 5HEIZ. b N OBEKLEICHT 2 UG HEICEb 5
BEFERRTDIOOEREEFT L7027 bTHY, 200 HEL EOER
F %R — & B Web b (http://www. hapmap. org/index. html. ja) T-REN TN B,
SED S6CD BIEFLAUZ OV THEREIZEED B A ANEBF I FNDOF —%
B UT-FER. EHEE HapMap OB EBEFROBEEIT GG: 68.9%, CG: 31.1%, CC: 0%:;
MAF: 0.156 Tdh V. EEMEERVELZEH LIZERELODHEBRERH LB LT C
T UVOBENBETH 5T,
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3-5. eNOS B 728 (-786T/C) DLER

PERT i E

LB FE AR TEREREIESOIE  MORRERERE

(n=27) (n=30) (n=174) (n=161)
T 24 / 27 (89%) 21 / 30 (70%) 123 / 174 (70%) 150 / 161 (93%)
TC 3/ 27 (11%) 9 / 30 (30%) 48 / 174 (28%) 11 / 161 (7%)
cc 0/ 27 (0%) 0/ 30 (0%) 3/ 174 (2%) 0/ 161 (0%)
MAF 0. 056 0.15 | 0.16 0.034

additive effect (T allele vs. C allele)
odds ratio 0.33 (0.09 - 1.30) 5.19 (1.85 - 17.6)

P value 0.13 <0. 0001

ZIVE TIZ, Fx 13X eNOS-786T/C ] h%%mmEKAwfﬁﬁﬁﬁbﬁmﬁ<ﬁ
HLTRY, BEEERMEBREICBVNTCE, v~/ =T LA THBCT LD
EA0.16 THY, 2y hr—VEETh 2 MEEREE (CPS) BE D 0.034 LB L
THEILEWI LZ2HELTWS[31], ZDZFEL, eNOS BRTDEE ZHIH 7
52 LT, BERTO N EAZBED S, FEELFIEEI LTS EEZILN
T3, |

ARFFE IR KR L 5 O FESHRRBE Clie 1 F— 7 LAV OBEEIE 0.056 Td Y |
FERBHERED 0. 15 LB L TE- b 00, AEZEITRD T, eNOS-786T/C &
E%%@k%k@bmf%%mﬁﬁéﬁﬁﬁﬁﬁbﬁwéﬁk@ﬁﬁﬁ%%#&
B XA B IRD o T,
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3-6. eNOS BI=F2H (G1u298Asp[894G/T]) D Hr#Eg

IERFLO G
SRR SR TAEREIESROE WO E R
(n=27) | (n=28) (n=113) (n=100)
GG 26 / 27 (96%) 24 / 28 (86%) 89 / 113 (79%) 91 / 100 (91%)
TG 1/27 (4% - 4/ 28 (14%) 23/ 113 (20%) 9 / 100 (9%)
T 0/ 27 (0%) 0/ 28 (0%) 1/ 113 (1%) 0/ 100 (0%)
- MAF 0.019 0.071 0.11 0. 045

additive effect (G allele vs. T allele)
odds ratio 0.25 (0.03 - 2.27) 2.47 (0.87 - 6.99)

P value 0. 36 0.071

Txld, eNOS BIFDOTT Y TICHFETDHIAEAZRITH S Glu298Asp
BEFZEIN A AN OFTREMEHESOE & BIE L TR Y | EEEEIRERE BN
T wAF—TLATHD T 7TLLOEEN 0.11 THY . BEEEREED
0.045 L LB L CEWMEMICH D Z & ZHEL T D [32], ZOERERL, FAE
BIEH & B L CEERIEHICE T2V 00 AN TREE THfES o7
HEEZ O EPRESN TN D [45],

I OBETF ZE P ERBLUHIEBA R DR OEO S IHIBEE L T
%5 & DOBEY H DN, AR TIHIERBLLHIE & BB O~ A T —T VILOEE

120.019 TH Y, FEFEMERED 0.071 L LB L TEN 720D, HEEZEITED 2

Do 72461 (p=0.36),
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3-7.PON1 BInFZ%% (Gln192Arg[Q192R]) o Hh#k

JE KRB A E
LA B SRy AR UE H@#ﬁa‘ﬁﬁf%ﬁiﬁ
(n=27) (n=29) | | (n=214) (n=212)
QQ 9 / 27 (33%) 7/ 29 (24%) 21 / 214 (10%) 45 / 212 (21%)
QR 10 /21 37%) 14/ 29 (48%) 109 / 214(51%) 109 / 212 (51%)
RR 8 /27 (30%) 8/ 29 (28%) 84 / 214 (39%) 58 / 212 (28%)
MAF 0. 48 0. 52 0. 65 0.53

additive effect (Q allele vs. R allele)
Odds ratio 0.87 (0.41 - 1.82) 1.62 (1.23 - 2.14)

P value 0.71 0. 001

it\ﬁbmpmlﬁﬁ%@iﬁyy6mﬁﬁféixtyxg@f&5
6lnl92Arg EEFHENT A AN OFEEMEMEHR MECESE L TVWA I L 2HRELT
wéBﬂJW@U1@@MKﬁLT%ﬂ%K@Kﬁi:@%ﬂ%ﬁ#é%ﬁfﬁ\
PURILIER 2B T2 PONORFEIZLY BILX NV ADEETHDLTF AV EY —
IVEERROGBEY)E (TBARS) DED EH$ 5 Z L3R &, B(bR b L RER E
WEBIXRZ LTV B AHERINTRE S Wi, FERERIERZEICBVL T, <4
F—T LATHBRT VAOBEEN0.65 Th Y MREGERBED 0.53 LHBL
THEICE D L2 HE LTS,

AT CIRIERELLAAE & BRI DI 2 &0 L BB TR B~ A 7 —7
LVOBEREEIL 0.48 Th U | EEMEMIRIELZ GO Lo BED 0.52 LBk L
TIEDP272b D0, HFEEIFRD T, Glnl92Arg BaFER & BB LHEREIC

B3R IMEOSRE DREICIH L REEIIALN o T,
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3-8, EFFLLEIEIZ 81T A B EM S OES PRS2 BEER X OS B EMAT

Univariate model multivariate model
Odds ratio (95% CI) P value Odds ratio (95% CI) P value
T (%) 1.01 (0.96 — 1.06) 0.81 1.02 (0.97 — 1.08) 0.46
male (versus female) 0.91 (0.27 - 3.06) 0.88 1.06 (0.25 — 4.53) 0.94
T-C (mg/dl) ~1.00 (0.99 - 1.02) 0.79 - -
HDL-C (mg/dl) 1.01 (0.98 — 1.04) 0.50 - -
LDL-C (mg/dl) 1.00 (0.98 - 1.02) 0.92 - -
TG (mg/dl) 1.00 (0.99 — 1.01) 0.99 - —
BMI (kg/m®) 0.95 (0.82 — 1.09) 043 - -
BE PR 7 1.08 (0.33 —3.51) 0.90 - -
I fol R
0.76 (0.29 — 1.98) 0.57 0.74 (0.23 — 2.34) 0.61
(smoker, nonsmoker)
C allele (versus G/G)
3.06 (1.02 - 9.14) 0.045 3.12 (1.03 -9.48) 0.045
in SGCD polymorphism

AR AELLERRE I 381T 2 B EDO S BHCEET 2 EREF 2 BE T 57
DI, BEER I UE LB 21T oBR, SRR VEORELERETTH
2 VR 3 AR KL ARE & BB R EDOAPHCEE L TR 2 &R bipoTe,
FEARTL AR 31T B BB OIE A PRI, S6D B FHROLNBEE LT
WA I ERREN, FOF v XHiE 3,12 (1.03-9.48) Th o7z,
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4=
ZE8

AEIOZET, B AR ANERBELLHIERE (SR 2 BB R EO A HHEE NS
<. SGCD BIzFLENEE L TWD Z LRI NT,

— XA FHEMEAE RBLOARAE D 50~T0%Z DWW T, (LAIEIZB b > TS
NaAATEAEERT IBEETFOERNRERE SN TWD[10-13], BARAFKIEIZ
BT B IEKRELLFHIE & wEME R EDO S HFICBE T 2 EFRE N L, Z DOIFREDE
—EEFIEE L TV 2 AR TR Shiz [41], ERRIC, BT T VB0 TR
SGCD DEF N ERELOFHIE & MO G IZBER L TWH Z LARESN TV D
[20], SGCD K~ 7 AZIi) 2 EEMEEHFOIEM/R A =X LZONTE, o
D LTWRWA, Wheeler HiX, Z5MEL A E B o KEHMBE YA A
VAL W T RFT ORI ENEEE Y
HOBNMER (BB R IE L & L -
Bl& T LTV B THMEAR S = & & B
B LT [20]. & b ICEEERIC L Y omaaiss
Wb InmOomEMRZ, =625 L
MEELS SRS LBEREFRL TOL I LnEL6N5.
FIERBLODHEDORIEZ, YV a X TEEFRESEVEREI LA AT H5F0

FETDHILICETRAT I, ZOHFERBICIITHRENERINTND, 4
. ERFLODFFEEIZ BT B ERIZY L2 X 7 REIC L DIEHET 2R ET 572
DIZEBRLIZLDEZEZ LN TWE[47, 48], Lo>L7ed s, TPM1 (a brARI
Fv) BESLTNNT2 (L heR=2T) BEOHEICITHRAEOIES B &
OEIZIZEAEROOENT, HIHED Ca EZHEDOTLE, T 72b b LERYE
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CalRET THUIUEANZEOND ZLARESN TS [49, 50]. F7= in vitro T
DIFEHIMET L TWWD L& TWW= MYH7 (OB S AT EH) EFiITHo0
Th, YU RAETNEBWICRIT) LIGEN B ROZEITR< . Ca REZHEOTLE
DL EBHLMNER->TWVS[61], &HIZ TNNI3 (L heh=21) £
EIZOWTH, 77 FIA T ATPase {EHEIZFH1T 5 Ca REZHEDOTLENHE S 1L
7z[52]. £7-TTN (¥4 F ) - CSRP3 (MLP) - TCAP (¥ L h=V) LW oi:
Z-dise OHERRES D BE IR ES HILaATRE Z-disc ERRE

MYHT:@&;EZ‘;‘JIQ TIN: 84 F >

. =/ CSRP3:MLP
ROFEEHDEL R Y HEBEANG L T'Nr:;f ;?}-ni;ﬂpsz'-‘/:j TCAP: FL k=2 (Tcap)

TNNI3: RO =1
8HZET Ca EMENTETSH LS | lv
CatZtEDITE
Z b T3 [53], DI E T 25 EREORE
U EDFRFEN LS AT AT DRET 105 O AR

i Z-disc DEHEFE THNIERBLHEICHODL L) RBEEFEE OLEE
Lix, RN OERT TIEZAR <, Ca BREMEDTLET D L .LFHIEIZ I 1T 5 il #
BEORETHLILDHLHEEZDND,

—7, SGCD RFICLVERELHEZZT H/NLAZ—TIHERHDLHN
® CaiRENEF L THY, SGCD £FEVMAAN Ca RADEME L /-LF Z &,

|

-
o™

: o ) E
. ORE g "
g 08 bZS- £ '
BN | £
: ; %
00 wﬁm ? T 3 Eiiﬁgg
40 20 0 20 40 § E : : " §
EH (walg) ‘P<0.05 ® 3

BIO14.6
Iwata Y, etal. Jf Cell Bial. 2003; 161: 957-07.
Iwata Y, et al. Biochemical Pharmacology. 2005; 70: 740-751
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SHIZCa R AF R = ANPEFKEL . e EMENF SR Shd Z Ln@s
ENTWBH[54-56], BED L Z A, SGCD EHMBIERBELLIFIEICEH W TREENE %
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