IEHREEICE S FARZVORRIZE ST &
FRLBHIBAIN DI LBRAXTFEND L SIZR
21

(http://www. brh. co. jp/s_library/j_site/scien
tistweb/no12/),

FEANIEE (CUNMEIR 9 B ICIXERMERAMN L O Ca®
BENMEICHBINATHNIRELNH D, DR
B Ca2iB2RElL, MRS Ca¥BELLEAD L, WMiE
BICIZH 1 AAD—DIERETH S, DHEITHL,
DA E O CaZ RE (XFEHARICIEM (UNHERE) .
BT CGtigss) 28 YEY. CORMMOHHERA
CaBENEICK > T, DRIFEFELAR THaE
FEATLS, BHMOEHRR Ca® REEL.
Ca FTE T & 5D Hf/MERE N T B Ca” DHA
YIZk>T, EICHIBESh TS, - T, 1DEHH
INBRIRIZ B 1T B Ca” RSl IE. (DD R Y THREE R
BT HEELEF LG D, FB T, DEHH/MEE
1281+ CaRFIIC DWW THIRT & & BT, DR
B BISDTFEOBIEETEIRA~ O & /MalhrE R
EOBE. RUDLFHH/MIFEFEN ET HBRREKIC
BT ORFOMRAAREZE LD D,

DEHB/MAEIZE 1S Ca” BREl
B NERY (Excitation-Contraction coupling)
DR EREIEOBE N SO AU - i 51818
. BEDEHTIRGICLYEST S, ChERE
IR#EERY (Excitation-Contraction coupling, EC
(B 1), TOEFERISE, O
HREIEB BN E L, BIKFEL B Ca*F v
IUHBIO L T, #kgs Ca ASHRARNICTRAT S
EMBIEEDS, LE CaF v RIVITDFHE/MEKIC
HET D CMEF Y RIL—F514T/ DUBEK
(ryanodine receptor) &#EERIIZIERITERL T
BET D, DESAT7/ OUREE RR2) FLE
Ca¥F v RILENT DN Ca®RAZRAT D L.

coupl ing) &ML
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ZOF v RIVERAT S, 5 EH/MIEFA Ca”
ARYR2 LT, DEMRARAN E—FICHE S
5, TDCa”lx, MLFHIRWER (FOFoI7454
VR EICHBROR=UC LEEET D, bAKR=
YOIk CahHEET D& AKEENEILT D, £
DERITE > THUOBHREBHEAK VG REE (34
VUT4TAUN) ITEET S & DEHOIRKEAE
389 %, o T, ILFRR/DIED ST Sh  Ca®
BELTOEEE, DHOIEEZRET HE1ED
BEREG D,

ShigHAIC 1%, MRREMR Ca> D XEBH LY, (DEAER/D
RRIRICEE T 5 Ca¥ R T T H HH/Mak
Ca?*-ATPase 2a (SERCA2a) IZ & Y . BUBH/MEIARA~
WMYAFEND, F-—EO Ca” THIRICFET S
Na*/Ca?* ZZHa#E (Na'/ Ca®* exchanger; NCX) & #lfa
f& Ca”-ATPase #4r L T, #Mif@shic#itich b, =
5 LTOImMREN Ca*REMNMET T 5L LI,

FAR= O D CaHVTeft L BHR M IR L .

DS EIEER T 5, REINMEERZHILY I LDBRR
NoRZEAULIODLPBRIAIATHNDSES
IZHZ DIz, ThEALDILYALY YT, &
HERZELHD, O LS ICH/MIKSREIREE
EISECED Y, Ca*REICES A7/ DRI
HS. CaFER YA ICIEH/MEa{K Ca2*ATPase A%, %
NEhERERL TS,

DBHSAT/ DUREE RyR2)—CaBHF v I

SAT /D URBERITH /AR Ca BTEEMN 5 D
Ca %R BDF v oI TH D, FIAT/ OV
BIKICIESTEEOT AV I A —LWFEL, (DI
Z2874 Y 74+—L (RYR2) BHFEMICRERLT
W3, L& Ca?*F v )Lh S HBAISHEA LTz Ca
BEOEMEBRMUT, RR2ABOL. F/hEE
HSHEAE A~ Ca A S5, COWBITEEE
BEoIck>THREIN, CaiFHME CaZ i LI



[FhTLvS 3, RYR2 [Ff/MaERKREICHEEL. T
& (BITINE) ICHEETHLEC*FrRILEKED
TEEL T, SELDHh T MaliRREOMIRZERA
THAMVES LS BEE LD, COBEEZESE
BEERLERZ L H D, CaFRM Ca¥ IMEMNE
BITIThh bk, CORSHESHBENERIC
BRENTWDENEETHD, " OEEH N
BADTFHETERSNINIDOLNTE, BT
BATH-ofz. LOALEEDYY MT1 U
(junctophilin) &ULv5 . HIRGHE & i/ MaIKIE % 2245
THEANKRIN, ChHEELESTBEEDR
BRICEETHD EAHIBLE Y

RYR2 (£ 1 9 FTH 5000 HDOT7 =/ BA 5153
BICKELEATHLN, SHICHREMEREL-
TUEDDF v RILEME LTINS °. RYR2 [Z#H/
RakEZEE L. MEER - B/ RERIicE<on
FHEEE L. RYR2 OREZEAE L TL %, FKBP12.6

(AILARBE Y calstabin & £MFIENS) (X, #ikE
BAlTHEXRZThENIT1HT OEET 5,

FKBP12. 6 A3#&& L= RyR2 1%, #E&EMNRE L. Ca*
Y=o LIZK K55, & iME F FK506 (& FKBP12
[TERT 22 &M EIShTLV DAY, FKBP12. 6 ICH1E
FA L. RyR2H 5 FKBP12. 6 ZRBE S 5B E A H 5,
OO RR2 OF v RLBABRRRFRE L LY., &
O vR—BATLE IZADKSICH
Y, Ca*y—OAMBMT 5LBFEX N TS, RyR2
OB RIZIXFKBP12. 6 Listicd 1) VEREEE SR,
By UBIEEER. ThoDT7 o h—BALENFAR
L. RELGESKREBRT 5 & &I, RYR2 DitaE
ZHEL TS, B/MEIEARATIE, AILEI TR b
1) (calsequestrin) &FEIEN DALY LKES
ERQMRYR2IC#EE L. RYR2DOBEEZRAETI L TL D,
ZOWMERBICEL CORMEI FRBELELES
FYULHAMNoTWEL, ALEITZR MY VIFH
Lo LEER L, B/DakR Ca” £ RIFT 513!
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LHHEEZONTNSD,

REMEE B BRARIBIL, RyR2 A 5 D Ca 1t &
(RET D, TOWFE. RDEIITBZ RTINS,
RBMEL ZERFRICE>T, FTTFZILEELDS
—t-cyclic AMP #ZB8 %4t L T, protein kinase A

(PKA) ASEMEIEEh D, SE1%1E PKA 1L > TRYR2
MY UEBREEShd, TOEMIKL 2808 ZEEDE )
BRELEAONTLDAN, RE2030FEBDE) >
EHELPKAT) VBB Shd EESII-S U
Bk S i RYR2 (%, FKBP12.6 L D#EEMNEE Y.
RVR2ZDF v RV E D E & YRARE~NEREL.
Ca” M E - EE L HITHKT B, - T, INE
By Ca? REAMBINS 1=, LEDURHEMYE
BT D, RYR2 D 1) UBEIEIRARIZ PKA (XY TIK
% <, protein phosphatase 1D & 5 4R VEE{E
BRICE>THHEIATE Y., EICIHY THEL
RAEERT TS, £, KETIHAN L EAH
EAVD, RIEOMF TIL, cAMP-PKA RD 1) VER1E
(MY TIEAR <, protein kinase C- .
Ca¥-calmodul in-dependent protein kinase |1
HEDY UEREEERDY, B/MRERENT D Ca FRE
CEEGERBZRELTVWAIEAHALNIENT
AV

DERER/Miadk Ca2*ATPase (SERCA2a)

D ER/IMEIACa? ATP ase (SERCA2a) O 1%
[Z. RYR2IZ &k » THEREEICHRE S hi-Ca¥ %, PiiR
BIcF/hlaERA~EEURL ., f/MakRCa>RE %
BRETEHILTHD . TORHITE. BEBIRIIZCS’
tEMRRED S FHMAERAN ERAH LT HBEND
t). SERCA2a [FATPZHEL THIEIRIILF—EF
Y %, RYR2DEH/MERIERBICBRET D3 L.
SERCA2a(dff/MRAKMEEESRICREL . ERIZEE
NTHBEVOBEZNMELTVS . HFER 11
5. #1000 DT = / A oY . F/hiakEE 1



OEEFL TS, ZDILFEHEFHMICHEITEL
THEY. thoRFtesEBEInizL, RYR2EH. SER
CA2alZ B R R IEH FAHES L. SERCA2amD &1 % 3R
B LTS, (DB TOSERCA2aise ZFAETT 5K L
BELGEFIL. KRR T+ 5 7\ (phospholamban,
LITFPLNEBE YY) LRI B/ MNERIEEB TH S,
PLNAYSERCA2a & #5& 9 % & .SERCA2alZ & % Ca” B ER
YAHDH S B, PLNIEHTM27 =/ BRI D
B52—EEEENEATHY . DFHICBOHTELE
EHENRH LD, BRHOERHICLLHEL TS,
DHOPFTE OBEHELY LOLEFITECHBELT
Wb, —A., BRRBPINESFEEMELILTWLS
H)La1) By (sarcolipin) L0FEh 5 E5/MEEIE
Eas, DEHICHEMICKRRL. DEMBICERE
EBELTWEWIEEZRHLE (B2) . YL
1) ¥ >+ PLNRI#%. SERCA2al-#t& L. T DEMEZHN
LU e

FERR2CBTDHAILEIVIR M) ODESIT,
HILHI A= (sarcalumenin) EFEENR B DL
) LiEE BB L/ MEIRMN TSERCA2al<#F& L T W
B BREVIWANAZD ) 9O T I NI IRER
WERIR T, LA A= UWERET H &, SERCA
22BANKRELL., TORPHEEIT &L S
HILA = & fEE UT-SERCA2aldCa? BHR Y AAAS
RET DL, BEERHLEY, LA A=
(2 & BE/AMNCa FRETHEICEAL TIX, £ &
(AD->THELT. SHROKRFARETH S
RREMEEE B ZAEFIBIL, SERCA2alC &k S5/ A
KRADCa*BR Y AH ERET D, TDHFIL.
RDELSITEBZDNTNS, BE. B VERILIRE
IC3h HPLNATEZE L. SERCA2a&#5E L. TDEMEZ
MmEL T3, RBEMRELZRARMAICL-T. P
KADSEMIEShD &, PLNO16BBICHET S
U UEkE IS, 1) UBER{E S 1L T-PLNILSERCAZ
ak DEENTES, TOHFE. SERCA2a;EMEDHNH
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DEERR S, SEMEAEING S, SERCA2a B {KILPKA
[C&k>TYUVEEEI T HEeREZZ2 0 TUhaL
AN, RYR2OHIEEF ERG SR TH S, PLND Y
L ER{L K BE £, RYR2[E4%. protein phosphatase 1M
&S HE Y UEMEEEROPKALISA D 1) L ERMEEERIC
&oT, 2E, SENFAMHEZTTH Y. HIPICH
A /MAROCaBEFRAM L TS &M
Ehnsd,

CCTCHIATARERAE. PLNAECERLAGNLT
DR Cld, KBEHBRBAG L TH, ADR R
BR#EE LB EREEICETOEENTELT
W= ETHD, SO EiF, EEMEHT T,
RREMRFIBIC & B0 HIEILRIE D TUEX, £ D
KEBHHPINICERAT S EETEBLTLNS, &5
[CEBRENC EIZIE, PINDS 2 FEELENT IR
(& EIE IS Tz Y URFEHRSRIS RE A3 R AR 2R &
FRREICTTEL TLBITE b 5T R AIDAE
RKEG BHOERRLHERT IR LEDLLA
LY, CORIE RRBERBSRIIB#FEINL &,
MERICIEAR Y THEENTTE T 45, REITDIBK®
DEHEMBEOTR = ADEATS AR EBAL
MNNBAE D, TR THEEOFE T T,
DBAOBREIFFBELZVWIEERLTVART
BEETHD,

DESH/RAEREREOER - EOWREE
VRS LD /AR RER N

DMBARTE L TOERBEHDICREELGL
HAE, ERNMEERERTHECGY., 25085
B HEOBEEICEENEL D, ChMBEIET S
&L TR ThOBEOMEREIEEICERL, &
LI ABEREOCRENELLEZL LT, TN
BERICLESEEZRIFL. DB SSICETY
%, TOWHER. EHOBENHERE LR CTERE
BIEZ—BMEL. £FITHRLAGERSERENS, O



REFDLDTEEES, #-T. LTL] TE—-O
FBATIERE L DEBSARTELTOREZR-E
BMABBE 2 z=ODICE CERBTHLELT
EBADNS DEORY THEEERET HIEEL
BAFH, DFfH/MMUKICE T 50 THL &
S DA EE T ASIENID R £ O TREE
~NHAELTLSOMIREENTE, ChETD

MRETIE. DTEESLTREDENIAND LT,

DREEICILOH /PR OBEETNZFLE
ICRBHOND T DD DTL2OREMIEER VT
ICBOTEETHLIZ ENDM>TETS™ B,

DTREDFEICIE. AL DI LHBOREDHE
59 ARARMEEFOINCRARLARRZES
ERERMEENICRAE S0 RENSETTH
T 5FE. cOBRBIVERICESD, #>T, LF
LOBRRIE. RAOBICTOEITER CZ EDFERIC
BELHD, DBOR THENMETT L. £&
TIREFNITEGT 2 -HICRBBBROFHELEDS
£L %, LHL, XRBHEROFHE—FFRGR
U THREOSREICTIEZIOHN, RIMICIED L AL
TE2OREEBLLIELII LM HOND KL SITH
STz, BT, RBERRIBEZEL. Lo 5 54
DE FEELTFEDBRICALLONGE R ST,
LA LE5—E., REORHE=D0MEDET., X%
HTEZTHDE.DBORY THEEZHRESED
CEBEEN . RBITEELOTHAI0? ChiE
DAEORBEEZEZDSLTEREICEETHY . KB
DEBRETHOTERLTHELY,

TEIRKE) Ty b)) —DPRMEBBRETER &
IZ& > TEL B0 DERF/DMAEDOBEREN T EIRD
RIECETISECEL>TWA I EMNBHALMEL
STER WS AT/ OUBBERHILDOTRE L
FILT ) LA, BEERSEEE L THRED
DEMHEHORREGLSEAHBAL ZEEZED
T3,
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ORI SN HIBRRICE LT, iRt
AF*E0 2 HLBERANEEHICBAS IO &
BAETINIET BIFE. TORBENRHEICLD,
o T, WOHIC, DBORL THREEMIET S
EDREENE. DTEDETEH S EDNBRH LR
BT THD, DBORY THENMETT L. &
EKTEHZNICERT 5-OHICRBHEROEMEL
NELD, LI L., RBREEROFEECE—RL
R THREEDHEICIXEIL DM, RABIZIEL LA
DAEDOFREFBLLIELIIEAMONE L DIC
otz MIC, RBHERBERZED. LW D
FELE (FBEOTFEDBERICAL LG RS
TELEFNEENHIN. REORHEEZTH
L. DIEBORY THEEZHESE S L BEKM,
DAREDRBICHEELRDEIFTEAN L. EIT
AE TR OEBORY THEE LRSI S EELRAF
T 2L EHIAN Ca® . HICOLE/NERIZE TS
Ca¥ FEIHEREIER L, DT 2 DRAE L ORE O
BEH/MRIKICEIT S Ca¥ R4 —~7 v hE LT
- AR OTREMEIC DL THC L (XL
HITILDTL &L/ SREORIEIC DT
BAL ., ROTEBICLDHHDEAREZRESED

CEMFEROFEERELRBYTLILETRL
=EBREEB/NT D,
DR E & DEH/IMEGRIERY

Ca 121X A MRAYEE [CIRMETR R E R VIR T /-
HOFELLEBIC.EAURAYEYDY—E LT,
HMENO LT FIMGEERE T LBENH L. 10
T. HARCa* RAF X4 —L ZADEND, DFE
DHRIE & TDERIZEH > TS A REMEILLART &
YRIES N TUL =, DER/DMEERIE. HEraNca™ir
BEELTREL-HENNEZEETHY . DFHEOIR
HEShIRER (C & 1T S MKANCa BEDELIX, EICTH
MERICK->TRE SN TULS, ZOERITLEHR



yanodine 2 & (& (LLIFRYR2 & B 9) & L ERAR /MK

fgCa? > 7 (sarco/endoplasmic reticulum Ca*

ATPase 2a; LI'FSERCA2a&BRY) THY. Chiod
BEROHEZAN T E20FOFERELHMONA TS,
IR#ERFICIFRYR2 % 4 L T MERAMICa VIR S h,
3 #BEE1ZIXSERCA2aIC & » T, B UCa* IR R AR /N
ERICEER 5N b, DEFH/DMEEBENEERRL

DR L H/ R ERESBASHICELS
fEs

FR/NRIRAN D DCaZ R AY, HERAIED & DCa iR
AlZ& > THEHRINEZHIC. SOCHRABEN
DAL LEBET IMRE SN TE, LOALRES
TOHOET S, LB F v RILERZEITERT 50
A RABEZBBMICRET SHAREZLL.—A.
LIRT& Y | FAfERERE & B/ MaRIROEIE L L
R ey T o4 (coupling) BY. IDBEREZ#ER
TEHLECEETHL S LARIATWLSY, AL
fz& 312 v U b7 41 v (junctophilin) A
EiIpESAEELZ AT S LTERICEELER
THEIIEDD DYV FT4 ) VDORREHKIT,
MEREDEDLYPBAMICHAN OGN TES, #HA
DHRRTIE. DHESY I T4y P2) @
HEL, BAODTELIETLTLMS, &5(220
07FICIE, 2 2D T L—Th B KRELLEHIE & JP2
BEFREENEET L LORESLIALT B, &
%, TORNFHEFEZRETILENH DA, P20
HEEMBEEEZ DL BANTOAY T VIE
EICEET 202 AHRESNDHEREICEb - T
WA LTINS,

Ca”IRIRYE

1) DEE/MEED, S DCa IR ICEh HIEE.
2) DERE/MNEEADCZE Y AAICEH I EE. O
2DCKELAITEND, DAEEZZH-TREDE
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Wb o9, DEF/MABEORRL. DT
SREICEFEHEBICROLNIFMATHY .. BER
COBVABNDTEOHERGER VETICEBOHTER
THHZENDOMN>TETLD 2, S SITDEHH/D
AZEHOBEFEENSE MOBEORE LGB
ENREOMRICKYBRLMEGRY | DK
BEORENLDTLORAL LT, BELALOTH
B2 EMNKYERICEERESA TS

RyanodineS2Z&{& (RyR2) RELIZ & HIDF &AM
RyanodineZ ZKIILBICa™REMEF v VRIS
MRARITHRA LizCa?ic & YiEHEE Sh. B/hEa{RC
a?IFREN S OC*RHEER S F v U RILTH D,
REHBERETIE, FREX-TTIIAEYVY S5—
t-cyclic AWIEERZ M L TiE{L Shtzprotein
kinase A (PKA) ARyR2D+t!) U i%E (280 8)
1 UBRMEL. FroRILERDREACRET S
(B1) o ShIT&Y Gk, S HaR~nta®
REORIE - EEAEXRL, IEELS BRSNS,
LA LD T 2B IF R B EIE 0B R G IEKTE
MR EDERITL > T, EHELEITRR2DY VB
ENEEUEICES S, & (B UERMEIRER) | Ry
R2ACHEE T HFKBPI12. 6V E L KB T T 5. TR,
RYR2DDF v  JLRABAM R EIL L. URHEEE D E #8Y
7eCa? i LIS I, PEIEHIIC LRYR2AN & DfERE R~
NDCa? ) — o HMBINY %, FRANGCa* ) —V 12k >
TUL. B/RaENCa? b 48T B 1=Ic. INHEHIC
M Eh B0 ENETTH. TOHR. OHIRNE
HDETE—BELIEDILICHDEY, SHICE
BERRRE LT, THRAUGC" ) —V Tk > TEE
BIRABAELC, TEBIROSIEREMY, DERA
ROREELY 535, CHRIZDTLBOLEETRE
ROFEMFL LT, FHSA TV,
-, ®EDE FRYRVEEGEFHRFTOFARICEL - T,
RYRZEIEFEEATEIRREAZEMM (arrhyth



mogenic right ventricular dysplasia: ARVD) DR
HLigd I ENHALMEL Y, ARDIE, DEH
TEREETBIRETIEEZROLHEEEAL

h, FEHORAREOREE U THEMEEAEL,
BERAABHEGHERAEEYT HARVDTIE, 108D
BEFEENMEESNTE Y. RVD2 DFREREEGF
HRYR2TH S, TDEGFERIL. FKBP12. 6 & D
BREBICEO O, ERITK > TRYR2EFKBP12. 6D
HERMNMET T 570, /L o DTRAECa
My—yhEmTEEEZLNTNS, LALGA
5, AIRLBICREZERTON TOEENEEE
ATHDIDIEES LTHh, LERBRORBEL,
SHOSLLELIARNBDEELE SN D, RVRUEEFR
EBIZARWDIEEANY TR AT7a5 3 UREMES
HOEHEREELDZ EMRESIIY, 61T,

FIXREHICDHH/MIRRIZEET SRYR2UEE

EAANLEI TR MY VDEEFERICESTR,
ATFASIURZRESHELERREELDS L

BRESh2, ALV TR MY VEERFERR.
ALV TR M OEBHOBTZEE, TOHKER.
B/DAERICIEESBICa SMEMT 51612, TR
Hl70a® ) — O HNEL D LB IN TSN, &L
WHEFICEOVTIRE LR IREEET H, L\Th
LT3, ChoDBEEFREICE T, Bk
NS OFRAN%GCa ) — o MR E, BERKEIMEZ
L, TERMVFBRINAPLTVEREZD 2T,
ZFOLICRBERREAS NS &, —[ECa®)—
AEAL, BRRETEIR~NEERSEDEEA DN
3. TERORBEREE G -1=Y . Fi/hiaikCa? i
BOBLEE L, IERKRECDETZEEL 5.
L, Yano o, Marksd DY I —THDTF£EFCIER
yR2EAABY UBRILREELY . DIRFEIEDOET
ZHIRL. BOEMTEBREFRI S LERELE

1,17
o

S HIZRYR2DE Y VERIEIC K AFRAG M 5 DO
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A =oAL EBILSIELI LMD BY UEE
LERESEDIBENEMTHIERESND, X
RIE p ZEMERE (8 ENER) X, B0
ARTFIVRICE ST, LDFRRICEMTHE &
DHEEAL TLEH, TDOUVEDOHFIFRYR2DEY
VEBBIELERET LS OTHHIEEZAONTLNS, —
7. FKBP12. 61 E#E{EA L T, RYR2DF v > RILHE
EERELSEDI LD, ERELSEIEMRE
(BIEBREE, JTV519) MLTLERIZEMTHL L
Eibnd, CEERELTLE" ', BEEREER
yR2D:BY) VERLERET H LIk T, JTVE19
FRYR2DF v v R EEZEEICEESE D &
[C&k->T. ZTOMBEHREBELTLDEEZ LN T
%, BE. JIVE19& NS EFINBAFK Sh. RR2DF
Y URIEBEERELSEDILICE ST, T2
PBEETEIRICH L TAMTHL LS BYE
BORE ShTLVDS, 1212, JIVB19KCa? HEnEE T
HoHdiltiazemEB LAY CTHEEVEEEHL
TW51%. BIREDRS TG F v o RILDOHE
MERANEERT 2 e h TV 5, RE, it
R TCRYRAICEEM OB VEMORREGFENEY
BFbohTLS,

f= 12, JIVB19(XCa* HEIMFE T H Hdi ltiazem&R L
ANVJOCTEEVERERLTVLAIO, BIRED
BE5 TIRCa? F v U RILOFERERNEERT 52 &
AIEEEShTE Y. RRACEEMICHERT 220
HENSEDFRETH D,

DR IMaEA~DCa» BE Y AAIZEEH HEE
DTLRFICIRLH /AR~ DCa B Y IAHRER
METLTWVS, ZD=OIZF/MaRRCaZIETT
ZREERD, DALEFITIIRYR2ANE Y BREIREE
7> TLVD D & [ERERAIC, PLND Y U ER{E L4
ShTWd (B UERMLIREE) . B Y S EREPLNIES
ERCA2a & #5& L. SERCA2a;EMEA L UHIHI S h 518,



DERRR/NRIAANDCa” B Y IAARENDME T 5.5 0
12D 2 CIESERCA2a EB BRDORBEENHIL T
B Y DBHFDMEA~DCa” R Y AHBENN—BET
THREEL D,

BEDE FPLNEEEFEFTOBMREIZE - T, PLND
BIEFEERNDHEOREE LD EAFIBAL, PL
NOEEHRRESICE LTz, TEE TICcodingfit
23t Fr. promoter IR IC3EAROERE LA EE &
nTLAY, SERCA2aBIZFREEITH S DFEOTE
IROFBAEIZOWVTIE, LWELEBREINATULVEGL,

DR EBIE SERCa2a HEEHEIZ K HIDFLaM
SERCA2alFATPEHfE L TR/ I RILF¥—%FA
LT. BEBMICCa” ZH/MREARANERALIT S,
DEH TOSERCA2aREERET ARV EELEF
I%. phospholamban (UL FPLN & B8 37) & FE(XI B 7/

RAIEER TH D, PLNIESERCA2a & BRMICHES L.

FTOEEEMHT S, BEEIHITH27 S / BA
LR 5—EEERMEEATHY . DHTOREEN
BOHTEL . BRHFOEBRHICLbIMIINTLT
W5, ZEREEREICE > T, PKANERIES N D
L. PIND 1 6BBICHET S A VERES
n3, ') UE{LBIPLNIZXSERCA2ah > fR%E L. SERCA
2aiMF MERIR S h. SFEMEHEINT S (K2), PN
BEFRETIAOOBET, XBHEFIRERX
ICEBRLEEEOHERTHORDOEEEICERL

TWS, SO &, EBMENT O REEH

B & > TOFRIETLRIE A TTE T 5 DX KER S
MPLNODSERCAZaI= 3t 9 S MEIAERER S B =8I

HLBILETELTVWAIRTEOTEETH D,
S HICHEKENS LITlE, PLNEEFRIEYVRT
[FIRFEHL IR EE D TTEAEEICh - Y i Sh D

Tihhbh o  BHOEFRENHERTIREE
HoEVELbA TS, ChIFD X, FHITK
BAETRIC & > T DBREERBIICH - Y TTE -

63

HBSERLBEICECH FELLGLEREE
BHTHD,

ULk DE A S SERCA2a4SEEIC & HCa HR Y iAH
BEAAMET LTS T &S, SERCA2athE %:&EiR
BHICHESIH L LT ILDTEORIE - ERE T
L. EEBICETLELDTLERESE DI LER
& L= 2RADPMTHON TV BMERBEAER S
n, —EOHERZWNHTETLNS S, PLNERFR
BY IR EIBRBDBEETI I VR EDOREE
BRATIX, PINZRBES# S T &Ik > T, SERCA2
alReE A E L. DTALORERCETEMH T
ELMHERENRINTNBI2 AN THEFIC - 1R
HRZEZXZOHEENTARRRE SRR
BRHBAFETILT IR EPINRIB Y I RADOXEE
BOBRITEEShBICET D%, - IXBHRERE
RBRRBR Y XL, BEHICITOMEEATEL T
WEM, PATHRBEOHES LY. BTLTLE
3, LT AN, PINEAAREBLTWVS & ID#EE
ETELEEFETHAITEMINDL LT HEREDE
EICEESEN > DR EERIBESIZ, CO
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Summary A 40-year-old man was referred to our hospital because of an abnormal
shadow on the left cardiac border on the chest roentgenogram at the regular medical
health examination without any symptomns. A giant coronary artery aneurysm of
left anterior descending artery with a maximum diameter of approximately 50 mm
was detected with computed tomography and coronary angiography. The patient
was treated and followed up medically. Four years later, the size of the coronary
artery aneurysm became larger. Then resection of the coronary artery aneurysm
and coronary artery bypass grafting were successfully performed. Coronary artery
aneurysms are rare in adults and are usually found in association with Kawasaki
disease, coronary atherosclerosis, and so on. We also review the literature of giant
coronary artery aneurysms exceeding 50 mm in diameter.

© 2008 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights

reserved.
Introduction
ftxcoggei‘;"zr‘::";z;th"“ Tel.: +81 45 261 5636; Coronary artery aneurysms are rare lesions. They
ax: + . . .
E-mail address: tebina@med.yokohama-cu.ac.jp are caused by Kawasaki disease (mUCOCUtaneO,US
(Y. Ishikawa). lymphnode syndrome), coronary atherosclerosis,

0914-5087/$ — see front matter © 2008 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights reserved.
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trauma (including percutaneous coronary interven-
tion), autoimmune diseases (polyarteritis nodosa,
systemic lupus erythematosus, scleroderma), coro-
nary artery dissection, and so on. In Kawasaki
disease, coronary artery aneurysms are not rare
complications. However, giant coronary artery
aneurysms are rare. We treated a case with a giant
coronary artery aneurysm, the size of which is about
50mm in diameter, and report here with a litera-
ture review.

Case presentation

A 40-year-old man was referred to our hospital for
the evaluation of an abnormal shadow on the left
cardiac border on the chest X-ray film at the regular
medical health examination. The abnormal shadow
on the left cardiac border was not pointed out at
the previous regular medical examination. He did
not experience angina-like chest pain. He had no
history of Kawasaki disease or chest trauma. How-
ever, he had been admitted to hospital because of
high fever and cervical lymphadenopathy and had
had tonsitlectomy at the age of 12.

On physical examination, his blood pressure
was 110/76 mmHg and pulse rate was 72/min.
Precordial auscultation disclosed no abnormali-
ties. Physical examination results were normal.
The results of blood test were normal. The chest
roentgenogram showed an abnormal shadow on the
left cardiac border. Electrocardiogram showed nor-
mal and no Q waves. Treadmill exercise testing was
negative,

Computed tomography (CT) of the chest showed
a 50mm round mass with calcification beside the
aorta (Fig. 1A). Intravenous contrast medium injec-
tion revealed a large cavity inside the mass. Cardiac
magnetic resonance imaging (MRI) with gadolinium
enhancement demonstrated a 50-mm mass adja-
cent to the left ventricle.

Coronary angiography and left ventriculography
were performed. Right coronary artery (RCA) was
totally occluded at the proximal portion with well-
developed collateral artery from left circumflex
artery to distal RCA. Oval calcification was identi-
fied at the distal portion of RCA and it was thought
to be a coronary artery aneurysm. Proximal left
anterior descending artery (LAD) opened into a
large spherical cavity that was filled with contrast
medium in a swirling fashion with slow opacifica-
tion of distal LAD, confirming the diagnosis of a
giant coronary artery aneurysm. Diagonal branch
had 75% stenosis at the outlet of the aneurysm.
Left ventriculogram revealed no asynergy, and ejec-

tion fraction was 77%. The anterobasal portion of
left ventricle was compressed by the aneurysm.
Stress myocardial perfusion imaging showed mild
ischemia at diagonal branch area and inferior wall
without any symptoms. Coronary artery bypass
grafting (CABG) with coronary artery aneurysm
resection was first considered. However, he was
asymptomatic with good exercise capacity, and had
no significant stenosis and ischemia in the LAD.
Because the management of patients with coro-
nary artery aneurysms is somewhat controversial,
we decided to treat him medically with a low dose
of aspirin and followed him carefully with periodical
CT and MRI examinations; this was what he wished
also.

The size of the coronary artery aneurysm
remained unchanged for 3 vyears. He had no
symptoms. However, 4 years later, the size of
the aneurysm started to increase and reached
60mm x 53 mm on the CT (Fig. 1B, C, and D). Coro-
nary angiography was performed again (Fig. 2A
and B), which showed similar results to the pre-
vious study except for the progression to 75%
stenosis at the ostium of LAD aneurysm. There-
fore, he underwent surgery. Median sternotomy
was performed. Giant LAD aneurysm (Fig. 3) and
small (approximately 1cm in diameter) distal RCA
aneurysm were identified. Two venous cannulae
were inserted into superior and inferior vena cava
via right atrium, and arterial cannula was inserted
into ascending aorta. After cardiopulmonary bypass
was initiated, the aorta was cross-clamped. Free
gastroepiploic artery (GEA) graft was anastmosed
to the posterolateral branch of the RCA. When
coronary aneurysmal sac was opened, yellow fluid
was released and the remaining part of the sac
was filled with organized thrombi. The organized
thrombi were removed. The inlet of the aneurysm
was the proximal LAD, and the outlets were the
distal LAD and diagonal branch. Proximal LAD was
ligated at the ostium of the aneurysm, and distal
LAD and diagonal branch were ligated at the ostia.
The aneurysmal sac was excised. Free radial artery
(RA) graft was anastmosed to diagonal branch.
Left internal thoracic artery (LITA) was anast-
mosed to distal LAD. The proximal ends of the
free GEA and RA were anastmosed to ascending
aorta. The resected aneurysm was atheroma-
tous, and histological examination of the coronary
artery aneurysm wall revealed marked wall thick-
ening with calcification and hyalinization of the
media. Hemosiderosis was also observed, but no
evidence of active vasculitis was observed. The
postoperative course was uncomplicated. Coronary
angiograms after CABG showed patent grafts with-
out stenoses (Fig. 4A—D). Proximal septal branches
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Figure 1 Enhanced computed tomography. (A) At the initial examination. An approximately 50 mm round mass with
calcification is shown. Partial enhancement beside the aorta is also shown. (B and C) Four years later. The size of the
coronary artery anetrysm became 60 mm x 53 mm. (D) Three dimensional reconstruction of the follow-up CT.

of the LAD were filled by collaterals from the pos-
terjor descending branch of the RCA.

Discussion

Coronary. artery - aneurysms. are detected in
1.2—4.9% of patients undergoing coronary angiog-
raphy - and are reportedly present’in: 1.4% of
post-mortem examinations. They occur in males
more frequently than females. The most affected
coronary artery is the RCA. They are frequently
asymptomatic. In symptomatic cases, it is usually
caused by myocardial ischemia. The causes of

coronary artery aneurysms are Kawasaki dis-
ease ({mucocutaneous lymph node syndrome),
atherosclerosis, autoimmune diseases (pol-
yarteritis nodosa, systemic lupus erythematosus,
scleroderma), trauma (inctuding coronary angio-
plasty), coronary artery dissection, rheumatic,
mycotic coronary emboli, syphilis, and so on
[1]. Kawasaki disease was initially described by
Kawasaki in 1967 in Japan [2]. It is a general-
ized vasculitis of unknown etiology and occurs in
children. Coronary artery abnormalities develop
in approximately 20% of children with untreated
Kawasaki disease. Abnormalities of coronary
arteries include ectasia or aneurysms that may be
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Figure 2 Coronary angiograms. (A) Right coronary artery
was occluded at the proximal portion, and oval calcifica-
tion was identified at the distal portion of right coronary
artery. (B) Giant coronary artery aneurysm of left anterior
descending artery.

fusiform or saccular [3,4]. Burns et al. described
the sequelae of Kawasaki disease in adolescents
and young adults [5]. Of Seventy-four patients,
who were identified with presumed late sequelae
of Kawasaki disease at the mean age of 24.7 years,
93.2% had coronary artery aneurysms and 66.1%
coronary artery occlusion. A striking radiographic
finding of the ring calcification representing cal-
cium deposition in the walls of the coronary artery
aneurysms was noted in about 36% of patients.

In the present case, Kawasaki disease was not
diagnosed in childhood. However, he had been

admitted to hospital because of high fever and
cervical lymphadenopathy at the age of 12. The
possibility of Kawasaki disease cannot be ruled out,
even though the age of 12 was somewhat older for
the onset of Kawasaki disease. The findings of CAG
and CT showed coronary artery aneurysms in two
coronary arteries, calcification, and occlusion with-
out coronary risk factors. These findings suggest
the possibitity of the consequence of Kawasaki dis-

-ease. Because the size of the aneurysm was already

50mm, and there was some risk of rupture of the
aneurysm, CABG with coronary artery aneurysm
resection was considered. Most of the cases with
giant coronary artery aneurysm in previous reports
were surgically treated. However, the management
of patients with coronary artery aneurysms is some-
what controversial [6,7]. He was asymptomatic and
had good exercise capacity. Also he had no signif-
icant stenosis and ischemia in the LAD. Therefore,
he was treated medically with a low dose of aspirin,
and was followed carefully. Multislice CT is useful
for diagnosis and follow-up in this situation. How-
ever, 4 years later after the initial examination,
the size of the coronary artery aneurysm became
larger, and the LAD had significant stenosis. There-
fore, we performed surgery including resection of
the aneurysm and CABG. Histological findings did
not show evidence of vasculitis. The inflammation
had been already resolved, and only atheromatous
change remained.

Giant coronary artery aneurysm, especially with
a diameter exceeding 50mm, is extremely rare.
Table 1 shows a summary of giant coronary artery
aneurysms with a diameter of 50mm or more
without fistula, which were described in a pre-
vious: report [8] and others [9-39]. There is no
sex predomination. The most affected coronary

Figure 3 Coronary aneurysm during surgery. Giant left
anterior descending artery aneurysm is shown.
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Figure 4 Coronary angiograms after CABG. (A) Left anterior descending artery was occluded at the ostium. (B) Left
internal thoracic artery to left anterior ascending artery was patent without stenosis. (C) Radial artery graft to diagonal
branch was patent without stenosis. (D) Gastroepiploic artery graft to distal right coronary artery was patent without
stenosis.




