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AEX AL (hypertrophic cardiomyopathy) (&0 GO0 S 2 K & LB ORI 2 > 75 4 7 » ZDE T & HaARmine
ET BN OGTHRETH S L @R ENTELD, PR KEECH 0 MBS EE 2 R 2 2 2 S Tun
P2 RO G IAFIITIZ L0, O 3 3 Y ERL LI P IR T, o b IR I Y L, O 3 A Y VIS EN-C, 4
SRR I T b, LEW T L MBS, O MRS S IO TR OB E T ERNEORETHL Ll
HENTYAE. L2 Led s, RIECBT 5 AT ERORUE, Wi, MEN L GHRRROBERR &, 4 TR S
Tiw, "Iiﬁﬂ”“f“ti ALEEHLIAAZ 330F B RIRMEAL KILG I A R RO MBI 20T, O b R = o Tl B
A L7z SR FOARMIIMIRE D 38 L 725 FDNAZ HI VT, L bR Y TRIET DI 2 v 2 8, 90 FNFHS
B L7277 4% — & #E L PCRIZ & ) DNARF % 805 5 &, PCR— A5 k%8 (PCR-single strand conformational
polymorphism) 33 & OB ASACSIGETE (direct sequence) % HIVyTHAE FEROMERE % 1T 72, £ & 12 PCRIIBERE L) 5
%11 (PCRrestriction fragment length polymorphism) #: 12 & 1 {520 % TR L 72, FRHEAYIC 307 3 00 7o S I Ao RO
I LA0IEBI DG OFGH, 2EFADRRI0BIIBO L O K o TGS 7 V2 9D RFEHDOT I VBT V¥ %0
=~ FFBIRFCGGH M) TR 77 %a—F45a FrTGE~E BT 2550, Arg 2 TrpZ W L7z, 2D 2% 2
ML, EORBIEIZBVTRRIED I D O N7 /AR R £ #0710 &0, IIERLOFHERRAE % 155 53 %4, ks
P fEIE (asymmetrical septal hypertrophy, ASH) % 5% #1735 %, /L8 [% Sir 0)&’&/1 ’fﬂﬂlﬁ‘ 1 #’1, ﬁ HJE I}\'?i'/l\ = 7l L ‘T9|JfJ‘

L5880 Oz, R TR B O T, ZER80H0, K O L Rk s 30
BARGELTEREEZON. £/, fL@UJI:W@Z\:(‘ KBwCHLL =y //90>110%~H®7 3 /;‘51271;»7’5;‘/
23— F§¥5aFyTITHA VR Y0 % N9 22N ATT~NEZ{bT 5%, Phe 1101le 2, M0 VEHORKRIZBWV
Ty 8D8HFEHDT I /BN v % 3= F$5a RFVGTGHE L L 42 a— RFT23 FYTIGA & BLE L7507

# Val8sLeu# Wi L7z 21 s 2%‘\’—?\@%%'?)?1'&‘#(;&& VAL ASH AR L 22 2o, 129 1 L > b4 iiTle 106 Tle % 41 5541
CREHGH, 3B ~7T TG, 38HEH) 1280 1A%, I AIHE L DS L 2V 2 ah o7 A RROE IR ko
LEIZBWT, XJrfh 24 HVal 85 Leu % 5@ Arg 92 Trp, Phe 110 Tle & {57t 3FERIO.L b k= > Tl(£ T (=2 v » 8,
Ty 9 OER e, Ll )i M\MML)\WI DTAEL A O 2.9 %A HH S N7z, A Th, O b OE S L Til(FE Fa
Arg 92 Trp 1211 % K& HL NARLLAER AT, RRSE01, M ORALU AN AN R % 3T WA % <, F 0 iBsel 2 L Ctif 4
FERBES LY TH D I LRI ST,

Key words familial hypertrophlc cardiomyopathy, cardlac tloponm T gene, dllated
cardiomyopathy-like feature, gene mutation

B KR40 (hypertrophic cardiomyopathy, HCM) (&, A HILTWa., 2oz, HAAMKNELCR I #1285 o,

IR A A2 A0 R0 W MU 2 & O A % 9 ) & i 3 It DK s & 13 i RO AHANE D <, LM L OB T 2 4 420
5Ll CLEBOEMRIE L2 L, LEsinlh ARk PATH ORI 71E T N 10 e A

ERTHHETHD . LIS LRI O LA & COLH)IZHCM I EEFMIZ K& SR 2. 2o
FEEBBEOILA 1.3 Lo b o g oh 82 o g e s TEFM BRI — KRN T D e S AL, ASH % #0250
(asymmetrical septal hypertrophy, ASH) & 4% & AUAE D48 LRI TR A /J\’s"#u BUIARIET 2 HCM % A0 i 4 =
ML TEREAIBT R CH 22, 2 DIBHEIZDWC, Maron &% 13 NTHD AETIE B OHIGHERIEEE CH L1 E 2L
BEIR TR L OV C T S ST LR M R R & b 43802 JARELTEBY, JsmE iJl‘. FChbrbhEIIMILTHBED,

FRC104E 11 A 30 HA2fF, FRL104E 1 A 14 H25

Abbreviations : Arg, arginine; ASH, asymmetrical septal hypertrophy; bp, base pair; DCM, dilated cardiomyopathy;
DCM-like features, dilated cardiomyopathy-like features; dd, dideoxy; FS, fractional shortening; HCM, hypertrophic
cardiomyopathy; Ile, isoleucine; Leu, leucine; LVDd, left ventricular end-diastolic dimension; PCR-RFLP, PCR-
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Lo L aed™s, FORGSPIIERIA, BESRMAL, I HaERs
EAGESE L, JLETLOAAE & EP OB & AT B D, I
R RE A /R THCM & L TiEH SN TwbY 9, &
7z, WRHEIIZ L O SEERCT, MO hHE LT R A
Ths",

HCM DEIH i A geskitc b b, B4, M EE
HEOEKIEORROEIMAHCM TH 2P, 512, KiE
DLEIRGCATHT IR RIS RIT B A 5% . HCM A FH D 85 %
AT S DO BRI A LNE 2 &, EIEORFIICH
FE—fr ALNZ 31T B HCM O FSFEHE 134500 A2 1 A & Heihy
EwEiEIsNAZEY LOREORMBHFTREL 2o TE
TWa,

HCM @5 [K11E 1980 FELHT Y- £ THRP TH - 7245, #H50~
60 % |2 FKHRIBREDTFRO LN, WHRLMELRET RTHAY S
WIS N TV, 1989 412 HCM DR R 474555 14
B (RO RBIAET 5 2 LAVRENR™, 1990120 3 34
DB TEREBFZORNTH L Z LHRENLD. &5
B, D b ERZ TRIET?, o-PERIL D VBIETH,
LI A4 YEAEERA-CRIRT, 2HEo 3+ 2 v BYLHET
P NE/EHRMEII L T R, LRI
AHETEEED), O PR Y TRIET O FEERNOR

FLIM|EEN, RS THREOBEFRTTCLBOY LI
XT*H&T ik a—- FTL8BETTHAD.

Z DL TR BTOMESIILEG, FRENORFIK
BIZTFOHE, BETE-ERBAEE ORI EADDOH S,
L3 34 Y BHEE AR RREE RO HRER RO/
B DHERTH B L sh, 38D I 24> 2R L 1FED
JF AR (insertion-deletion) ZEHATHIE X N TV LW 9 [,
fha R D THEETII2OTE, 13TEOERIEEH SN T
BhH, #4715 %m%’&'%’*@fﬂf‘%%“’”’”’ " ERERET DWW
&, D MESRS TERETFERICL 2HCMBH TEEER
k%ﬁm+m¢,ﬂ:¢y/£mﬁﬁ¥mm X B HCMB#H
DN THEBICERM L RT I EARE SN TWET, Zofl,
a-MORIF DY, L IF Y UEEEE-C, LB /ATSTTR
AT T IVA DR, GLEM I Y e, O R
Z Y IEFOBRIZOVWTE, FRFIUKNO3%, 10%,
1%, 1%, 3% % HD b L bl CHAD S Y, k72
FEHNZH & 2 Tid ey, =2 =i @

Lfﬁof,mﬂﬁu%wmhv3féﬂawm%%<'
VT A TR 4T, A & BRI & oo [ A
ZOME, FNENOBEETICHEERN 2 HIKEE X tab
HCM i & £ DFEOMHE, #HEBlEOMmE L T2 L8255
5.

ARG CILRERIICHCM LBl SN BBEF R E L TL
%hnﬁsyTﬁﬁ¥%ﬂ%@$L,%@MW&Lme&
BIZ PRI BRGSOV THRE L 7.

HRETHEE

1.3 =
Mgk, LB, LRI R L Fisch™ % Feigenbaum
55 DB E W, SIRKEE AR OE O R

i

ZafE, ARE L Twzdbfeth )y o HCM B H56m# 140 7, T d
A, IHSEIKBW SN HCM BE 2 L TOME OS5 E L
7.
LoDl b e o TR 2RI HCM O BRI S
DT DR
2. JeBEM X HCME#H 2B 5, L b aR= o Tl
EROPEOWE

. 5 &
1. #4% T-DNAmH
o GE OKMEIRI 10ml 2 EDTA-2Na & fidtH Al & L ¢ 44_\

ML4TIzTRIE, —20CI2 “{-"-L?‘:. Z D FAH M & AL
T3 Triton X-100 BAMREE ™ 12 CTE49 T-DNA % HUEE L 72,
$eh B (320mM 2 a #§i, 1% Triton X-100, 5mM
MgCl12, 10mM Tris-HCl, pH 7.6) 2 CHRILER % L &8, .l
Lk LMk EsES ., INETUTFT -
(Sigma, St. Louis, USA) (2 CiH{b#k, 7=/ —n-saukL
L(1:1) Tl O TZaORL A4 YT I AT T—
4 D ZT2EMB L, EEzTy 2 — I ikiiiz X ) DNA %
GHEL7:. 29 LT# 572 DNA % Tris- EDTA# i (10mM
Tris-HCI, 1mM EDTA-2Na, pH 8.0) (Zi4f#® 1= 260nm (3517
BHWLEEEME T & IR & R 72,

2. PCR

Nakajima 5 * O#MEZBEIZ, J—r N0 707 = N—

RSN T D e bOF PRz U TGRS 25, T
TV YBELT Y YYDV T20ERD T T 1 v —dl 24l %
{ER% L 72 (TEX 8-5, 8-3, TEX 9-5, 9-3; #1). Tm il D712l
MacMelt™ v 7 k77 = 7 (Bio-Rad Laboratories, Richmond,
USA) il L7z. A7 74 AFHMOERRIRD7-HF% T 7 4
T BT A b AR Ly s GD
Lok L7

75 4 < — & DNA& B # € 7 ) ABI381A (Applied
Biosystems, Inc., Foster City, USA) #/H\'~R—% L7 /) 1T
WRART I8 A FED IZTHR L, 7UyEZ T ARISERL
55C T Wik U729 2 T—20CIZW i, SBTFTuiLT
WA, WU AN K ImUIZ M L 7 T 4 NAP-5 (Pharmacia-
LKB, Uppsala, Sweden) (ZiiL THW L7z, #2 (2001 Ll
AL 260nm TOWEIE L DRI ME L 10 . MIZh 5 L9
LR A L7

DNAKHFT O ¥4Mi1214 Saiki & 12 & % PCRiEAE W72, w555
FDNA1,g %8 DNAE LC40 MO T 5 £ v—14 b
LRI 200 n MO K 74 % 2 % 4 Lo F F (dATP, dCTP,
dGTP, TTP) & 2.5 TagK) 29 —+¥ (Perkin-Flmer—
Cetus, Norwalk, USA) %, 0.01% X 77 > % GLBIHH &

% 10mM Tris-HCI, pH 8.3, 50mM KCl, 1.5mM MgCl) (2l
A MR EFIB0 1 & B XA HFRL 72, L

THRIGHEEREDE0 10 I3 T4 4 )L (Sigma) % M L CTH
REDIE, M4T 15, TRENDT T A~ —OTm (7 ¥ 8,
55T ; L&V >9, 60C) T 14, 74T 150 % BAIZFAZFR
Dty METISE LIRERIFO D &, 3044 7 VORISR
-7z,

R L 72 DNAKEH 13 1% BB O 7 70— 2 7 LT8R~

restriction fragment length polymorphism; PCR-SSCP, PCR-single strand conformational polymorphism; Phe,

phenylalanine; Trp, tryptophan; Val, valine




K IEVERE KRR EE

—#—& LT oX174/HaellliE L4 CREERS, BED) &3kl
LT Rl 7

3. PCR—A#iMH KL A (PCR-single strand conformational
polymorphism, PCR-SSCP) i

KB ARG & L T Tris-HCI 54g, v EE27.5g, 0.5M
EDTA20ml 1238 K % M Z 3000mliz L 72 @ 2 RIEFER 05 X
Tris-7k 7 f&-EDTA (Tris-boric acid-EDTA) ik &) FIFBMH I & Lik
B ATIC L X OB IZARL 72,

0.5mM EDTA 2 1, 5N NaOH 10 1, Wi FF#5% Kk 88 1
ZRELT VA )BT ED, PCREWS L LT V1Y) (Fr(ﬁlZ
p1%MZ42°C35, 95C 29 MEF, 0CIZEW L— A8z
PhEd/, FDHZT, 10-20%RENRE) T2 INLT 3
K4 (7 b=, BED) 2 W TTBERBE T TLTDH b & 40V,
24HEBCUkE) L 7.

Y1243 BIO-RAD §4efn % » b (Bio-Rad Laboratories,
Richmond, USA) # vy, 70 » a2 — W iZht-> THRYt %247 -
oo Thbb10% 8 2 — )b, 5%EEERIE A 200ml 12 C 155
BV O E 2TV, BRAEA 100mlz TS5 B L S ¥z, &
BKTIS ISR 2 2 A6 § 3 EHTHEALE 2 %
&, RAEEEHEZINZ 200 HIRE S &7/ £0H%30MLLAIC
e LB e MA Ny FOMBREMA L. HHREL LS
YRR o G ETEFAKRTIDET TV, 5%EM
100ml % J0 2 BUE & & 1k X872, 30% 2%/ — b, 5%HEERIR
AW 200m] Z BRAERE L, 304 BLEARERMNIZ S V% B L 725,
FhEELTO— A7 4 APFIZ AN TR L.

4. VAT AV M= THEBEERY HREE (direct
sequencing)

PCRCIHIE L 7-DNAWH 2 1% DEHE DT H I — A4 )2
HEY—H—& L ToX174/Haelll LY CGHREERS, G &t
kBN L, W EE ML LT, HiWE T 5 DNAKF oY
YFEELBISEUOVMLL., v snaTvivf7ua
~-50 (Amicon) % #la A h4CZ O DNAWF % 10000rpm T 10
OFEIELL L7z, PR AROK2S p VR MA THEM.C L, MR
THEMBIIRGETIAT—, ROX 7 LFF NEERE L
BEIDNAE L7,

Higuchi 6™ O 70 h 2= VIt~ CTthRY) 25— %))
WS AT A b= TDNAY - TRy b (Y-
JLL TN T T A, IR TRIEETo 7.

Tb bR DNA02A ng, 1uM7TI4%=2ul, 17

B BBIEFERORE 79

W=7 X ARSHBEHH3 1 1, 74 % (deoxy, d) NTP
W12 ], ROTERN AR R E T8O/ n1& L2 Tth#
VAT =V HHRHE AR Ry BB 1T p L 22 &5 128
LSO ERLL7ZZbDE4 p 128, RGH<A 7125
=TI ENHHLTBVAEKEESF -V 74 F ¥ (dideoxy,
dd) GTP, v+ F »-ddATP, ¥+ F »-ddTTP (Mg"), ¥+ F
»-ddCTP Mg™") B2 p1 T 212N, ZOBEYFF -
ddTTP, ¥ F »-ddCTPIZiFF N #F N H F »-ddTTP :
MgCl,i=1:1, ¥4+ F »-ddCTP : MgClL,=3 : 1DHE&T
MgCLEFEEL A, TS50 ulD I 2T V4 A N% LIZIHTF
L7z, =2 v Y8084, 95T, 308, 55T, 158, 60°C 240
Fe30m s, =7 v rangs, 95C, 308, 60T, 2554
T30 MEIBUG & €M THICRUSE L4 4 1202 — 20 CIZHRE
L, WKENERNIZ80C, 20 & 0CIcAam LikEyL 72,

FDLT, 8%DFKR) T 7UNT I FTEFEL00V, 10050
BRIKBIZ ATV, BTHRZVICEMN A > 79 » (Hybond™N ",
Amersham) # 5t LSRRI L7 2w 54 v 7 L. 70y 5
{ rTRTHBYETF Oy —TEY P RICEBERRAET LAY 7
A7 78 —E-PPDICL AR ARETFHLAESTFT Ay
F—=THHEFy b (A A=V TN =4 IV 3—, BER
THOTE S F VB DNA R L#R R S, X7 1 LAl
2—-3HMBLLL— T IF ST ARG

5. PCRIFRFEFZUINT% B! (PCRrestriction fragment length
polymorphism, PCR-RFLP) #:

BEREFIDUE SNk, RROGEOHERBLU A —
=T DIOREE DOFIREEE TUREM A= LS L 512794
~— &Rl L?’ (TEX 9-5-NF, £1). —flic@EDT 71 v —
Z, R ERTI A ~—% M\, RERM% EENE L7
9 AT PCR(zE XD REIAY IS AR A E K L 72 DNARTH %
WMIEL7Z., #OFTCENRY MITIFIALFANOTFTREIY
PCREWZ WY L, YIWHERALZIE L2 RIBR % & 2 D RUSR
AR T R BER O FMEIREE &M M2 TR UL S 7, K
JERE) 2 10 — 20 %R IELYBET 2 ) L7 3 R L2 Y 4 ‘}\';
SOFHE~— B — & SAZRE) LTI o A e TEY O Bt 4
VAR

6. FANMA

L b R = s Tl 'Mn'mm LKA B TR
AP E AR L7218, n[REARER D ORKBISHEE L TH S, ik
B, LR A, &5 Nz DNA*M%@ 7o OERIN % Ty

Table 1. Oligonucleotide primers flanking the exons of the cardiac troponin T gene for PCR amplification

Exon Oligonucleotide Sequence
name
8 TEX 8-5 5-TGCTGACTATTCCTCTCTCC-3'
TEX 8-3 5-AAATCTCTGTCACTGAGGCC-3'
9 TEX 9-5 5-“TGACTCTTGTGTGGCAGCCT-3'
TEX 9-3 5-TGTTAGGTGGGCAGACTGGA-3'
TEX 9-5-NF 5“TCCACCCACAGGACATCCCC-3'

Oligonucleotide primers complementary to DNA sequences flanking exons of the human cardiac troponin T
gene were synthesized on ABI 380A DNA synthesizer and used to amplify the intervening sequences w1th

PCR.
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1. {OfF fORZ > TEEFEIR

1. PCR-SSCP®#&

HCM %% 140601243 % PCR-SSCP 12 & 2 Mg D fs 5,
LR TEI L PRy TEEFTZ VY 92BNV TS

Exon 9
roband 004

Normal ‘

Exon 9

Normal Proband 022

Variant
Conformer

= Variant
Conformer

AN, TV B8IZBWTIA, BENY MO BE
WY FHPBO LNy V) 200w TIE, 5 EHEERERER
BBl L 2 EROREET 72,

2. Ty EERTIORE

1) PCR-SSCPEIZ & B BE /N FOMH
PCRSSCPiEIZL ALYV 9D RS —= v 7 C, HCM 38
FH004, 022IZBWVWTEFNN Y PR ENA (K1), B

Exon 9
Normal Proband 037

- Variant

Conformer
Exon 8
Normal Proband 116
—= Variant
Conformer

Fig. 1. PCR-single strand conformational polymorphism (PCR-SSCP) analysis in the exon 9 (proband 004, 037 and 022) and exon 8
(proband 116) of cardiac troponin T gene. The bars along the left side indicate the wild pattern (normal). The probands show the

mutational patterns with variant conformer.
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KGR RTBLOBIE 2 BV B RETEROKM 81

037128V Th, SINHE 004 L EEEDRF N> PO E N7, b, F—O%EED, EmE037TIZLFHED LN,

2) ERHERETIREEIL L A BIETFEREN OME (FR 3) PCRRFLPEIZ & 55 AN TOERDMER (F5004)
004, 037) 75 4 <% —TEX 9-5-NF & TEX 9-3 DA EhE12 & 5 PCRiE

EHHEOA DL PO R > THEETFZ VBT A1 W (155534} (base pair, bp)) 1%, M5 FEE Arg2TrpH¥dh %
HEEHIRIT O R, 92FHO T V¥ = (arginine, Arg) % 'E’"-\U)JM‘IJ BREZFE Mva-112 & 1) 135bp & 20bp iz8IMF & L%, 14
F$5CGGAS MY 7 b7 7~ (tryptophan, Trp) # 2— F§ 5 2580 004 DFRIK & PCR-RFLP 12 & 5 28 B odffi a4
TGG~EEL LTz (M2). BRLATONY FEERERC ’S:H\Lt. BUHE L SO T8RICIEE N FEUW s oy
DN FPPERFLTEY, ERArg2Trp O~7F O#HAEKTH FOWHIED S, VTN 8 Arg92Trp DT DA K
o7z, KARC4IIBWT, BiHEEGO T8HIIFHA—DERH THAI LR INT.

G A TC GATC

3' 3|
C r——
— G
93 Lys | ﬁ Lys 93
- G
92 Arg | C% Arg 92 Trp
-~ C
91 His | A His 91
- C
— C
90 Jle | T Ile 90
— A

0

Normal Proband(004) 5'

Fig. 2. Sequencing analysis in the exon 9 of cardiac troponin T gene. The circles at the both sides indicate the position of C to T mutation
at the codon 92. Proband (004) shows the coexistence of the mutational band (T) and wild band (C), indicating the heterozygote of this
mutation. Lys, lysine; Arg, arginine; Trp, tryptophan; His, histidine; Ile, isoleucine.

I A /
11 I — —O
1 2 3 4 5
ono O
1 2 3 155
Control

o

Fig.3. The pedigree and result of PCR-restriction fragment length polymorphism (PCR-RFLP) analysis of 004 family. The arrow in the
pedigree indicates the proband. The square and the circle in the pedigree indicate male and female, respectively. I, II, II indicate
generations. | heterozygous patient with Arg 92 Trp mutation in the exon 9 of cardiac troponin T gene; JZT , deceased; E , sudden
death; Digestion of the PCR products with Mva-I generates polymorphic restriction fragments of 155 bp and / or 135 bp. All of the
individuals with Arg 92 Trp mutation show both 155 bp and 135 bp fragments which indicate the heterozygotes for the mutation in the
exon 9 of cardiac troponin T gene. Control, control patient; Marker, the molecular size marker.
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1) FERTOEREORE e TwWiz, FRVE0BEBIIE LA T REL, LEBTIR

M3 THEFLEENHRENZRRLADEEE, F—% G EHRELOCHRERFEZ B LTz, Lig, 65EEBIET T
B Arg2Trp A HER SN KRR CHEIEFERZHD2A LT LAEERIEELD0H 5, EFT-413, ASHE 2T
FEmEL-1E FOEN-2) 2 &b/ AT 1050, 198FEBED HEMIZE S Z 6N TV ARVL OO, 505/ ITEEEICIERELL
DB EEARER2ICRT. 105 EENEEMHEE BERRREY R LUBHESEE CLOREERIHE LoD
(fractional shortening, FS) #%25 % #iffi & 72 B IHEREAET L, Hb. EFII-5E, 45FBEOLIBEEFTR CIILETRE
T EERLATE (eft ventricular end-diastolic dimension, LVDd) 12mm EBEOLEERKERDLLDDASHIZE L Twi1o
AY55mm L b & FEERESER T AR GHERREE R T 7o, EREPGFRIIBEOVET 2RO DATEZEDIALED
FEBIAIZEED SN (RAR0040T-1, 04, O-5). ZD3% otz S1BEROAERERIITILRILGATEMRRET B L
DB, JEEIT-11, 47 5EIZI3 ASH %R LS I RE A R TEY, ABRBAEFZ TH LT OLAREERIHEL>0H 5.

Table 2. Echocardiographic findings in the affected individuals with Arg92Trp in cardiac troponin T gene

. IVSth M v -HCM lik
Family  No.  Gender Age SR PWH DO TWT e A DR
004 I-1 F 65 10 11 0.9 11 66 61 8 — +
o-2 F 62 19 10 1.9 19 47 30 36 + -
o-3 F 58 19 10 1.9 24 48 35 27 + -
-4 M 56 6 8 0.8 8 72 66 8 - +
-5 M 54 8 8 1.0 8 68 55 19 - +
m-1 M 32 8 10 0.8 10 48 35 27 — -
m-2 F 27 8 8 1.0 8 51 33 35 - -
m-3 M 26 21 14 1.5 21 43 25 42 + -
037 -1 F 64 16 8 2.0 16 46 32 30 + -
o-2 F 49 17 8 2.1 17 52 33 37 + -

IVSth indicates interventricular septal wall thickness; PWth, left ventricular posterior wall thickness; Max LVWT, maximal left ventricular wall
thickness; LVDd, left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; FS, fractional shortening; ASH,
asymmetrical septal hypertrophy; D-HCM like Features, dilated cardiomyopathy-like features; M, male; F, female; +, presence of a finding; —,
absence of a finding.

Table 3. Electrocardiographic findings in the affected individuals with Arg92Trp in cardiac troponin T gene

QRS
. als Width SV1  RV5 SVI+RVS
Family No. Gender ;‘egaer) Rh{g;rr“n/)HR P ii’;‘gg;?ls o) (V) V) (mV) ST-T Change

004 I-1 F 65  Af, PMR/83 * * * * * *
02 F 62 SR/60 0.24 0.07 04 22 2.6 Negative Tin I, aVF
I-3 F 58 SR/68 0.22 0.10 0.3 2.0 2.3 Negative Tin I,VI, V2
-4 M 56  Af, PMR/70 * * * * * *
I-5 M 54 SR/58 0.26 0.12 1.5 22 3.7  0.lmV sagging ST depression in V5,V6
m-1 M 32 SR/52 0.14 0.08 0.4 1.8 2.2 Negative Tin I, aVF, flat Tin I
m-2 F 27 SR/61 0.18 0.08 03 0.6 0.9 Normal
I3 ™M 26 SR/52 0.16 0.12 1.9 54 7.3 Giant negative T in V3, V4, negative Tin [, I, aVF, V2, V5, V6

037 0-1 F 64 SR/75 0.14 0.08 0.7 3.0 3.7 Negative T in V1-V5, flat T in I
I-2 F 49 SR/51 0.15 0.09 0.6 1.3 1.9 Negative Tin VI, V2, V3, flat Tin I

HR indicates heart rate; bpm, beats per minute; SV1, amplitude of S wave in V1 lead; RV5, amplitude of R wave in V5 lead; M, male; F,
female; SR, sinus rhythm; Af, atrial fibrillation; PMR, pace maker rhythm; *impossible to measure.

Table 4. Echocardiographic finding in the affected individual with Phe110lle in cardiac troponin T gene

. Age  IVSth  PWth IVSth Max  LVDd  LVDs FS D-HCM like
Gend g —IVSth
Family ME (yea)  (nm)  (mm) PWth LVWT  (mm) (mm) (%) ASH Features
022 M 49 21 13 1.6 21 40 26 35 + -

IVSth indicates interventricular septal wall thickness; PWith, left ventricular posterior wall thickness; Max LVWT, maximal left ventricular wall

. thickness; LVDd, left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; FS, fractional shortening; ASH,
asymmetrical septal hypertrophy; D-HCM like Features, dilated cardiomyopathy-like features; M, male; =+, presence of a finding; —, absence
of a finding.
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Table 5. Electrocardiographic finding in the affected individual with Phe ! 10lle in cardiac troponin T gene

QRS
. rvals i S +RVS
Fs Gender Age Rhythm/HR PR Intervals Width SVI RV5 SVI 3 T (e
amily (year) (bpm) (second) (sec) (mV) (mV) (mV) ST-T Change
022 M 49 SR/53 0.16 0.08 0.8 2.5 33 Negative Tin I,1I,1I,aVL, aVF. V5, V6

HR indicates heart rate; bpm, beats per minute; SV1, amplitude of S wave in V1 lead; RVS, (ln]pllludt. of R wave in V5 lead; M, male; SR, sinus
rhythm.

Table 6. Echocardiographic finding in the affected individual with Val85Leu in cardiac troponin T gene

S Gend Age IVSth PWth 1VSth Max LvDd LVDs FS D-HCM like
Family encer (year) (mm) (mm) PWth LVWT (mm) (mm) (%) ASH Features
116 M 66 23 12 1.9 23 48 34 29 + -

1VSth indicates interventricular septal wall thickness; PWth, left ventricular posterior wall thickness; Max LVWT, maximal left ventricular wall
thickness; LVDd, left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; FS, fractional shortening; ASH,
asymmetrical septal hypertrophy; D-HCM like Features, dilated cardiomyopathy-like features; M, male; -, presence of a finding; —, absence
of a finding.

Table 7. Electrocardiographic finding in the affected individual with Val85Leu in cardiac troponin T gene

QRS
Fami Gend Age Rhythm/HR PR Intervals Width SV1  RV5 SVI+RV5 Y )
amily - Qender - ocan (opm)  (second)  (sec) (mV) (mV)  (mV) ST-T Change
116 M 66  SR/60 0.2 009 09 34 43 Negative Tin I, aVy, Vi- Ve

HR indicates heart rate; bpm, beats per minute; SV1, amplitude of S wave in V1 lead; RV5, amplitude of R wave in V5 lead; M, male; SR,
sinus rhythm.
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Fig. 4. The pedigree of 004 and 037 family. The arrows in the o D
pedigree indicate the probands. The square and the circle in
the pedigree indicate male and female, respectively. T, II, Il
indicate generations. [, deceased; O, not investigated; Fig. 6. The pedigree of 022 family. The arrow in the pedigree
, mutation absent, clinically unaffected; B , mutation indicates the proband. The square and the circle in the
present, clinically unaffected; E, mutation (heterozygote) pedigree indicate male and female, respectively. I, II, [l
present, clinically affected; A sudden death, the age of indicate generations; &, deceased; [, not investigated;
death is indicated. ’ I, mutation (heterozygote) present, clinically affected.
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Ala] & ' ¢
108 Ala| C C | Ala10s
-G E G-

5' Normal Proband(022) 5!

Fig. 5. Sequencing analysis in the exon 9 of cardiac troponin T gene. The circles at the both sides indicate the position of T to A mutation
‘at the codon 110. Proband (022) shows the coexistence of the mutational band (A) and wild band (T), indicating the heterozygote of this
mutation. Glu, glutamic acid; Phe, phenylalanine; Ile, isoleucine; His, histidine; Ala, alanine.
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Fig.7. Sequencing analysis in the exon 8 of cardiac troponin T gene. The circles at the both sides indicate the position of G to T mutation
at the codon 85. Proband (116) shows the coexistence of the mutational band (I) and wild band (G), indicating the heterozygote of this

mutation. Asp, aspartic acid; Val, valine; Leu, leucine; Arg, arginine;

Pedigree 116

II

III

Fig. 8. The pedigree of 116 family. The arrow in the pedigree
indicates the proband. The square and the circle in the
pedigree indicate male and female, respectively. 1, I, II
indicate generations; [J , not investigated; I , mutation
(heterozygote) present, clinically affected.
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Abstract

Hypertrophic cardiomyopathy (HCM) is characterized by left and/or right ventricular hypertrophy and abnormal stiffness
of the left ventricle with resultant impaired ventricular filling. Previously HCM was defined as a heart muscle disease of
unknown cause, however the disease appears to be genetically transmitted in about half the patients as an autosomal dominant
trait. Molecular studies have shown us that HCM can be caused by a mutation in one of seven genes encoding proteins of the
cardiac sarcomere: the j-myosin heavy chain, cardiac troponin T (cTnT), « -tropomyosin, myosin-binding protein C, two
types of myosin light chains and cardiac troponin I. This study was performed to examine the existence of the cTnT gene
mutation in familial HCM patients in the Hokuriku district of Japan for the first time. Exon 8 and exon 9 of the ¢cTnT gene
were amplified by PCR and variant conformers were detected by PCR-single strand conformational polymorphism (PCR-
SSCP). Subsequent direct sequencing of the PCR products confirmed their mutations. The mutations were confirmed by PCR-
restriction fragment length polymorphism (PCR-RFLP). Thereby three missense mutations in the ¢TnT gene were identified
from four probands with HCM; the first mutation was a C-to-T transition in exon 9, resulting in amino acid substitution of Arg
to Trp at codon 92 (Arg92Trp). This mutation was identified in ten individuals of two families. In the ten individuals, three
individuals progressed into dilated cardiomyopathy-like (D-HCM-like) features, five individuals showed asymmetrical septal
hypertrophy (ASH), one individual presented electrocardiographic abnormality, and another individual had no clinical
manifestations at all. These two families had three cases of sudden death, so the patients with this mutation were thought to
have poor prognosis. The second mutation was a T-to-A transversion in exon 9, resulting in amino acid substitution of Phe to
Ile at codon 110 (Phel10Ile). The third mutation was a G-to-T transversion in exon 8, resulting in amino acid substitution of
Val to Leu at codon 85 (Val85Leu). This was a new mutaton. Both Phel10lle and Val85Leu patients showed ASH. A silent
mutation 1le1061le was frequently identified in 41 probands (3 homozygous and 38 heterozygous). Three mutations
(Arg92Trp, Phel10lle, Val85Leu) in the ¢TnT gene were identified in four of the 140 HCM probands (2.9 %). The two
families with Arg92Trp need extra careful management, as they have several cases of sudden death and D-HCM.




