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| U S Y A EAE CRIETERICE 2 EARLLHED
D BIRFRIBTSE

SUCRFREEIPE AR IR I CEAT 1 B0 4%
A W

U ELLSIE (hypertrophic cardiomyopathy, HCM) (3.0 O —# % 72 I &R0 BEIR K & FRIZEE S L HOILRRE 5
: FHETHHETHOLHRE L ERENT S 728, FRBITH RO REMERETICRE D) RENBENASL NS 2 L IR
g s v BREOSTEGENHITICE Y, AT CIZIEEOLET L I X 7HEE S OBET 2R R EEET
ELTHEINTVES., 209 L4 I 42 Y #A % C (myosin binding protein-C, MyBP-C) j&{ZF %812 & 5 HCM 1 B5%
P, REER, BEREERE, WIRMEANOBITEM, RO TFERIFLBESA TS, LA LadD, 20RETERE
Lo TIEFIRAI A R A2 2 &b FREENS. KT, dbBEib 281 2 HOMFER % 1R I2#H Ly MyBP-C E{Z T4
ROMFEIT, ZOEROHFRICOVCTHRE LA, HREOKMEMERE D FH L2 DNA% Hv, FY) 25— PEH KL
(polymerase chain reaction, PCR) 12 & /) DNA W} % 4§ £ & 72 #% PCR—ASM R A2 % (PCR - single strand conformational
polymorphism, PCR-SSCP) #: 8 & O EHHE A HE (direct sequencing) 12 THEETER 2 FAE L, PCREIRREZEDNT &
(PCRerestriction fragment length polymorphism, PCR-RFLP) 512 & ) BIETFER2ME L 7. BAMIZHCM & 2ilF &7 150
RROREFOFER, 8RRUUBVTAHEEO MyBP-CRIEFERERVIELL. COS L2, 27V Y 6D286FANT 3
/) > (serine, Ser)% I — N9 53 FAGCH 7 ) 2 » (glycine, Gly) % 2~ F$ 5 GGCNEZE LT 52 R | Ser236Gly,
IV 1TOS07THFEHOT I /BEGly% 2— N353 FYGGGA T IVF = (arginine, Arg) * 2 — F+5AGCG~E LT 5
ZFR  GlyS07Arg EARFSIZE D 7 3V BRE(LE M) BENEHERESNTVL DO TH o722, R D2MH; 1~ by
> (intron, Int) 17D X 7" F A4 At 5-E L (donor site, DS)D 1HFEH D GATAIZEILT S m"}’? Int17DSG+1A, T2V ¥ 250 820
FHOT I /BiArg# - FT 253 FCGGA7 V% 3 (glutamine, Gln) # 2 — F95 CAG~NEEILT A ER ;
Arg820GIn 34 F TIZHRED 2 WHT LV MyBP-CB{EFEETH -7z, Intl7DSG+1A, Arg820G1n IEXAHCMIZBWTIEHE
EFEHEF],  FEX B HEAEE (asymmetrical septal hypertrophy, ASH) < B 2844 A8 K B0 85 4 (hypertrophic obstructive
cardiomyopathy, HOCM) fEf, & S IZIHIERMAOBITHIE L LA RIAER, 2SRIEBI A LIEROME & (2R wmR
DG o T4, JeBETTIZ a‘o‘e’rza HCMI50 RAIZBVWTERAGINIZ2D0OH L\ MyBP-CEZFEENTD LNz,
INBIZX2HCM TIE, EROMEFEN LA 34D Y EHMEETERROGH M R= D TETFERIC LFRIGBIFT
H ol PIIEEEREL HOCM 2 S RIS BITT AR REMIET A0 FET B 2 LAVRE N, SHBEEFE &
BRRE D E 52 5 HROERFLESD 575, (ERILBEITFHRARV EHE SN T2 MyBP-CHH{E T4 212 & 5 HCMUER!
TH, FICEMEEMAIZBVTIE, ZORBICEL CEERRRHESLETHL I LARE SN,

Key words hypertrophic cardiomyopathy, cardiac myosin binding protein-C gene, asymmetrical
septal hypertrophy, dilated form of hypertrophic cardiomyopathy, gene mutation

JEKELLEGAE (hypertrophic cardiomyopathy, HCM) 1%, &I #i£ (idiopathic hypertrophic subaortic stenosis, IHSS) & L TRis
TER DA BEE 72 &0 IR R 2 5 | &k Z 3 & 2 2 R R B AT LTHEETHY, ZOGheM LR E L’Ci’)}(bith &9
BRI E b o, LHO—EE LIS ROBEIEARE T (2772, HCM TIIAEBEOIRIZII ARG, Fls oS s
LLHRBTH A, BRMIZREMER SNB L) k>0 EHLMIERI A Z ML, DR IEE. L})L’J'ld\lﬂ DiVEE
1&, 19584F |2 Teare 2 & 0 ik & N7 E BB O JEXT Frols WRIEL & A SR BEE L D LAY 1.3 L 1> & DI JExd B b BRIl L
SR KOFIHFY 22, 196042 Braunwald &2 A3/ ZH M (asymmetrical septal hypertrophy, ASH) & 2 & I, A9E D45
5 10) - 2e W LBAZE % b DHEF] # IG5 R BRI T 4% B 7 TBRESEMAT ALY Y TH B, FOHEIZDOWT, Maron 59

FR124E 5 A 29 H=AF, P12 6 A28 8%

Abbreviations : Arg, arginine; « -TM, « - tropomyosin; ASH, asymmetrical septal hypertrophy; 2-MHC, B -myosin
heavy chain; D-HCM, dilated form of hypertrophic cardiomyopathy; DS, donor site; FS, fractional shortening; Gln,
glutamine; Gly, glycine; HCM, hypertrophic cardiomyopathy; HOCM, hypertrophic obstructive cardiomyopathy; Int,
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13RS L L T O/ S HTE IR ERT R £ Y 482
SFELTWD, £/, ZOMIZREETL976 4F 12HE S izl
REOAIZRAHHLS, LEX EERBETE SR ET 50
REEABLLARED FHET S,

COEHIZHCM I EBEENICKE 2L ERT. s
HZRPEIZE— KRN THED LR, ASH % 30 B EG .5
B RBLLHE 2 R TREFANEAET 2 HOMER DB Sh T
WBY =7, FETH ~RICEBEDOHRLIHEEII A 5N
B B EORBRICEEILKR, BIEMAL, IURRIEREE T
BEL, WRILLOERE L AL OBME RTEF D D, JLEHIE
RELLHHE (dilated form of hypertrophic cardiomyopathy, D-
HCM) & LTEHESNRTWAEY D /- mHEEMIILOHD
FRIRELTI R L OB AT RS TH B . T O HCM DR
RIREIOZ R EREELOATIERHRATE v,

HCM A% i [P LR B R B ML M R B 7 &I B & il
WENGRETHLIZb20h S TR - HRACbEE S
NTWRHEBRE LT, HFEFDERTEDOFERNSE L 2 HRENH
BT DZEAEITENAE. Maron 5 '™ (FZERIE L 22 A K —
VEHE IBPORFE B v, LMEROREIZL DB
L7: 134 B DT ERIL 17T, 5 54861 (36%) 1THCM Th
STEHE LTS, FHEBEDOLERIEH DL TR RER
TY, HCM E BT SN TV 2 WHIFE . BRI TIEE
FE—RADIZBIT 5 HCM O S IZH 500 A12 1 A & I
BEWEHRESNTE Y, HCM B E D 85 % 1213 & 2Dl
ENEFEFROONDLIED 96, AF—VBEEETIILE
[ B IR 2 ECHRIEZ CELMRY) REIICBH L, &
BHREBIZILENHLLEDRA,

HCM O JFHIZ 1980 AT F TRARHTH » 704, RED
B OCRENBENBO LN, Bl A EEE L R TS e
ZVZ ERHS TV, 1980 ERITEL Y, hoBEH:
BB L FRRIESEME % VB E RS T O MBI 7 g
AHED S, 19894F 12 HCM O KBS T 454 14 Jeta th D Bl
BT DI EPREND, 1990EIIBERELRRERIIBNT
(LB 3 34 2 B (3-myosin heavy chain, 3-MHC) OZS &A%
HESNLY, 2OBRLTIE~6FEOMIZa POFEIF S v
(a-tropomyosin, «-TM)*?, [\ b @3 = > T (troponin T,
ToD®, L# 2 4 ¥ »# A %HBE C(myosin binding protein-C,
MyBP-O)®# OBEZFERMHRNTHRE S N, T Rhshig
TLHOY VI AT R TAEATHLIE LY, FLa R
T RN T 2 MOEHOBET T AEHREFT S0 —F
ATbh, LESEREH I T ) BGRE T, L
FEIF L VREBHBETD, O ORI C LEEFD,
Wi a 77 F P RIEFED, ¥ 4 F VBRIETERD L RVESH,
HCM D #5350 ~ 60 % DIEF THRIZF L~V T O E R AT B
Lot

D& A FREEOBIT ORI, BETFE & HR
M DBEBRMERS NS Lo, BRKIZBWTE-
MHC B A FEFIIRKFEEE KLU IER R D 25 % OFE T
HHEEN, A0FEELED IRy AR E 1 BEOEA-K

% (insertion-deletion) ZZEIHE SN TV 2299 TnT iz
FiZonTiE, BEEOERIRESNTEY, HI5%0%
FOFERTH B LWEINTWAYIO D = gyfy 4. TM,
MyBP-C, -LZE/BHEGHI &S 70V ) 58, LEMI
TR, PR  BETOERIIOWTIE, 0
FNREDOKI3%, 10%, 1%LT, 1%LUT, 3%% 5D E
WhNTWEDS, ZOEBIEHBZED DY, T 2ZEEMIEm
l:) ﬁ,v@ti&b\22)~26)53)"5(3)‘

09 b MyBP-CHEEFAERIZL 5 HCMIZERME, &S
B, BIURIRE T, HRANOBITERTH Y, HBWTFE
PROWEREINTVEDO L Lids, 20BETFER
AL & o TIHEERRR 2 2L TFHEENRE, 22 TK
FgeTid, JdbEEMDF 12384 5 HCM £ 4 % 53 8 12 MyBP-C {5
FERORBEZIT, OBRNHEIZOW TR L7

WRB LVHE

I. &

AEAL, BRI, COHEBE TR E Fisch® % Feigenbaum
B OBUTHEE ML, SRKEETAMBLIUZOME
MR B D 2 W IE AR LTy A 4uReih lH  HCM B i
1508 TH2. TAHOWBREB LULEENBEI008IZ, B
FIRL-> CREZBLBICUTORE 2B ko7,

1. deBedh iz 517 2 MyBP-CE{ZFZEROEELFEL,
ELIZH LV MyBP-CEETEROEELZIRF T2 2L

2. LV MyBP-CEETERIIME S HCM BAE ORFRIERIC
DWTHRETHZ L

I. A&

1. B5 T DNAJHH

353 O EMEFIRIM 10m] % EDTA-2Na 2 HU&EH & L T
BLACICTEHEL-20CISTHRIFE L. R ESEIC
T3 Triton X-100 BUIEZS1E™ 12T 5 FDNA T BIgEL 72,
T b bR (320mM ¥ = #Ei, 1% Triton X-100, 5mM
MgCl,, 10mM Tris-HCl, pH 7.6) (2 TiRIMEk % EM &, &l
I hkige L THMEREED ., ThE Por7—+F
(Sigma, St. Louis, USA) (2 Tifbfk, 7=/ —l-7amFkLL4
@:1D)T1E, HeCcrouflbA- AV FILTLI—N
(24 © D IZT2HEEMIE L, BEIZT Y 2 — Likfic X ) DNA
L7, 29 LTS N/ DNA % Tris-EDTA #8 fi iff
(10mM Tris-HCl, 1mM EDTA-2Na, pH 8.0) (2% | 260nm
BT DWOERE IR & D B A R 7.

2. K1) AT — VARG (polymerase chain reaction, PCR)

Carrier 5% OIMEEBHEIZ, S— VN I DF—FN—2R
IZEFRES N T 25 e b MyBP-Ci#tfnFBFI 25, =76, 7,
14-15, 17, 23, 25, 30, 3122V TH0EEEN ST (1 v —
g8 e L7 (CEX6-5, 6-3; CEX7-5, 7-3; CEX 14-15-5,
14-15 -3; CEX 17 -5, 17 -3; CEX 23 -5, 23 -3; CEX 25 -5, 25 -3;
CEX 30 -5, 30-3; CEX 31-5, 31-3). (1) Tmfi
RoboCycler ™40 (Stratagene, USA) # Fi\», RE%52°C~70C
FC2CTO2EZTPCREBI 2V, &b L { DNAMBEIES

intron; ITHSS, idiopathic hypertrophic subaortic stenosis; LVDd, left ventricular end-diastolic dimension; Met,
methionine; MyBP-C, myosin binding protein-C; PCR, polymerase chain reaction; PCR-RFLP, PCR-restriction
fragment length polymorphism; PCR-SSCP, PCR-single strand conformational polymorphism; SAM, systolic anterior
movement; Ser, serine; TBE, tris-boric acid-EDTA; TnT, troponin T
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Table 1. Oligonucleotide primers flanking the exons of the cardiac myosin binding protein-C gene for PCR

amplification
Oligonucleotide
Exon name Sequence
6 CEX 6-5 5’-ATTACAGGCCTGAGCCACCG-3’
CEX 6-3 5'-AGACCAGGACCCATGGGGAG-3’
7 CEX 7-5 5’-TCTGAAGCCCCTTCCCCCAT-3
CEX 7-3 5’-GGCTCCTGTGGGGGTTAGACT-3’
14-15 CEX 14-15-5 5-CTCTCCTTTTGTCTCGGGGCT-3’
CEX 14-15-3 5’-GGGTGAGCATGAGGGTTGGC-3’
17 CEX 17-5 5"-GTTCCAGAAGCACGGGGCA-3’
CEX 17-3 5’-GTGGGGTGGGGGCTGAGG-3’
23 CEX 23-5 5’-TCCTGGGGTCTGACTTGGA-3’
CEX 23-3 5’-CTGAATGAGCGAACGGATG-3’
25 ' CEX 25-5 5'-AACAGATCCGAGGGAAGGTGG-3’
CEX 25-3 5"-TTTTTAACTGGGGAGGGGGC-3’
30 CEX 30-5 5’-TGGTTGGCAGGGGTGGGGTGG-3’
CEX 30-3 5’-GCCTAGGCAGGGTGCACGTGGG-3’
31 CEX 31-5 5’-GACCCCTCACCCTCCCTCTGCTG-3’
CEX 31-3 5"-AGCCCCTGGTTGGAAGAATGAG-3’

Oligonucleotide primers complementary to DNA sequences flanking exons of the human cardiac myosin
binding protein-C gene were synthesized on ABI 380A DNA synthesizer and used to amplify the intervening

sequences with PCR.

NBEEFTMEELTEI Yy TEICHRELR. B, A
T4 A DERRE D 7208754 v =317V 2 IIHE
TarA4rvurilhl EbEERELLDE L.

75 4 < — i DNA& K # € 7 )L ABI381A (Applied
Biosystems, Inc., Foster City, USA) # HH\ww~—4% 27/
FUFRAKRT I ¥4 FED WZTERLZ. TYrEZTKIZE
BLS5CT—MEE L7-) 2 C—20C I, BETTHEL
L CHEME B R A Iml 2B L 47 9 A NAP-5 (Pharmacia-
LKB, Uppsala, Sweden) (Zii L TR L 7z, & Z T200f5 (24
L 260nm TOWIEE X 0% % fl5E L 10pM 225 X9 12if
BEAHE L.

DNA BT F O#4IE 12 14 Saiki 5 % 12 & 5 PCRiER HI 72, &4
TDNA 1 g ##RIDNAL LT40pM DT I 1w —11 v P&
MR 200 MO EFF F 2 % 7 L 5 F(AATP, dCTP, dGTP,
dTTP) & 25HAID Tag R A 5 —¥ (IR, HI) %, 0.01%
Yo F o % & OB (% 10mM TrisHCl, pH 8.3, 50mM
KCl, 1.5mM MgCl) 2z HMmARAKER0 ul& % b &9
Mz s, BELLTRIDEEED I AT LA AN
(Sigma) #BEM T L CHEBEZE, 4T 15, #hzhos
FA<w—DTmfi (=7 v >6, 62C; sV 7 58C, =7
V1415, 54°C; oV 17, 66°C; =¥ V23, 58C; =
2 >25 58C ;x> >»30, 66°C; x> >»31, 66C)T1
&, 72T 15%#RICENTNOE Y b T EIRE LR
SKHEOb &, 301 7 VORIEEITo 7.

HIEL7-DNAWHIZ 1 %OBEOT Au— A7 VIZHES

— 71— & L T Superladder-Low dsDNA Marker Kit (Gen Sura
Laboratories, San Diego, USA) & & b IZikBh L Chi A B4 HERR
L7,

3. PCR—ASHR K% (PCR-single strand conformational
polymorphism, PCR-SSCP) i

FEH B W & L C Tris-HC1 54g, + 7 #27.5g, 0.5M
EDTA20mUZ R K EMA3 N L 72 b D FRFEFD 5 X Tris-ok

BRI L X OBEELABL .

0.5mM EDTA 2«1, 5N NaOH10 1, Wi Ai58 k88 nl%
BELT VA VEREMREY, PCREWS p LIZT VH VG 2
w1 EMZ42°CT3%5, 9525 skts, 0TIz L —REITL
P&, FOH) 2T, 10-20%EEHEAR) T2 YN T I F
FOU(T b=, #Ei) & HWTTBERHRTP T4CTH L &80V
T 18 akE) L 72,

#u 1t |2 (3 Bio-Rad $ 4+ % » I (Bio-Rad Laboratories,
Richmond, USA) # R\, 70 b a— W Iilft-> CHYgt B =
ot §4bb10% Ly J — )b, 5%EEERR A 200mliZ ¢
1555 M7 Vo EE LTV, B{EF 100ml iz TS5 MER{b S &7,
K TIS MK E R 2036 ¥ ¢ ELT R % B
&, SgBBEIEMA 00 MRE S 2. FORBEKTLS
BIVER LB A AN Y FOMBEMBE L. HLBEDE
NV WL o 2R TR AT L ET T WA, 5%
5 100ml Z MMA G 2 B 8472, 30% % / — ), 5%E:EE
IBAET200ml ZREH & L, 300 EREHRPIC S VR L
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B, PLELLO=ZT7 40 L2HCIEEARER L TREL
7.

IABICENE R DNARNT €V V— 7% DS TFHREX
WMETHRT 2. COPTFHERIEEOTRIZL - T A&
CHEBEZY, BAMENKRES BT, & DR DENIT,
FIT2INT I FPVERKE CREEDEG & LCRIET
E2. ZHEFBL, EXDNAL L G IZESKEIT2 o & -
LV ENERLEZNY VEBEDLOFZERDNA L L CHRH
L7

4. BEEEEELRYIPE (direct sequencing)

PCRTHIE L - DNAWIR % L %EHE T 72— 2 7 b 12848
YA BIIRBL, MAERREL-ETHNET
DNABTH D3y Fa2 EUEMAEFM OB LE, v 4202y
&< A 7923250 (Amicon) % A &b T ZODNAKWH %
10000rpm T 1053 M0 L 7. BB 880K 20 4 1% N2 CH
BERLGL, BT 5 EABIRD L T IAT—B LR 2 L+
FREREL, ZNEEEEERSREEOBEDNA & L/,
N e B N e it F 0 /D L RS SE SN
(Perkin-Elmer Corporation, Norwalk, USA) % FI\1 4 - ¥ — 3
P~ CRIBEBI oo,

B B LIS B AR 2 RS B i & LT ABI PRISM ™310 Genetic
Analyzer (Perkin-Elmer Corporation) % Flv17=. =43 % v ¢
7 ) —HOFEERFIBITEET, Hal oNlF— ik i—
F V3 ¥ a2— 4% —Power Macintosh G3 (Apple, Cupertino,
USA) RENEOBEET 1 A 7 1ZHETF— % & LCRES -
RO T B BB EFUAT & F BRI B 2 v, R+ XFEF
=Y BLUUBO I 7L LTHALE.

5. PCRIREBEFE LI %2 (PCRrestriction fragment length
polymorphism, PCR-RFLP) i

LEREFIDRIE SNk, BROFEAOWRSL LR 2 —
=Y T DO BROFET TOAYMEI A 15 & INBE
ROLIFEOHIRBEEZRELE. Xy MZTI AT LA
ANVDFBEDWO W L-PCREWIZEER IZHEE Dl
MREESE & & O RS FAR I 2 N 2 AR O B iR & F 12T 6
RRRI BUG S €7z, BUGEY % 1020 %iBEGRA<) 77 ) LT
IFFVICHES D - L L QIR L T O A ECERD
BMHEBI L o7,

6. FARNHAL

MyBP-CRIZFERIBD ONRRIBV TR AN /&
BL7zt%, WHELBRY REOREAMEL.. 264° Fbe L
RBG L CRAEZ BRI L ER, LR SR e O
{2 DNASREE D 720 ORI % 3647 L 7-.

B i

I. MyBP-Ci#{=FfEtT

1. PCR-SSCP M

HCM 53 % 150 $112 4§ % PCRSSCP %12 & 2 MET 055,
MyBP-CRIZFTZ7 VY 6I2BVTLIA, T4V 171280T3
A T BB CTANTRE NS PR S, By
INYFDRRIBENIZT 7V U i2DnTIE, Bl &G X I
TIREEC LD BEEROAEE B o,

2. 7V Y GIRERTOE

1) PCRSSCP#:Iz & B B¥E /Ny Fofpd .

PCRSSCPIEICL B2 VY 6DR 2 ) —= v 7T, HCM%

1

W 064 12BN TRENS FAMEB S = 1).

2) EFEHRIRERIC & B REFERESOMRE (HCM
FEvi & 064)

HCM %&3i4 064 > MyBP-CHR{ZT-T 7 v ¥ 612 BT 2 R
FIHT O#ER, 236F A D7 I /Het ) > (serine, Ser) % 11—
F¥5a RYAGCHZY L > (glycine, Gly) # 71— F¥ % GGC
NEELT BER | Ser236Gly 2 b7 (H2). B, B
BLEGONY FRIEBZAONY FERELTEB)AF o
FHRTHo LoL, TOBREARNSIZED T 3 8
B RIS E LTHE SN TOWALERTH - 7.

Exon 6 Exon 17
Proband Proband  Proband  Proband
Normal — “"gc Normal 4 067 100

Variant - " Varia
Variant Conformer Conformer

Conformer

Exon 25

Proband Proband Proband Proband
Normal *4,; 023 o84 089

v B

e Variant
Conformer

Fig. 1. PCR-single strand conformational polymorphism (PCR-
SSCP) analysis in the exon 6 (proband 064) , exon 17 (proband
035, 067, and 100) and exon 25(proband 011, 023, 084, and
089) of the cardiac myosin binding protein-C gene. The bars
along the left side indicate the wild pattern (normal). The
probands show the mutational patterns with variant
conformer.

ACTGG CNGCTACCG C

5 Thr Gly Ser Tyr Arg 5
Nomal - - -ACT GGC AGC TAC CGC- -

muant ... ACT GGC GGC TAC CGC- --
Thr Gly Gly Tyr Arg

Fig.2. Automated fluorescent direct sequencing of the exon 6
of the cardiac myosin binding protein-C gene. Each curve
indicates A, adenine; C, cytosine; G, guanine; and T, thymine.
The graph is the result of proband 064, The arrow indicates G
peak of the mutant and A peak of the wild type.
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3. L7 v ITIERET O HE

1) PCRSSCPIEIZ & & BH Y OB

PCRSSCPIEICL ALy ) Y 1TDA YY) —= 5T, HCM
Zpk 035, 067, 100128V TRE Y FARE SR (1),
ZEmH 035 & 067 DB N Y FiRIFl—8% — ¥ Th o1z,

2) EESEAERFIREEIC L BB TFERRSOHE (HCM
3035, 067, 100)

HCM %453 035, 067 O MyBP-CHBETL 27V ¥ 171285
HRERHBITOME, 507FHNT I /HGlyx2—F¥32
F¥GGGA7 V¥ = ¥ (arginine,Arg) = FTBH5AGGNER
kT 2ER : Glys07Arg 0" RH b7z (F3). &b, BRLE
ADNY FRIEFZGONY FEEFLTBIATRHEART
Hotl:., BWMEFOBOELILLERSE X OLIKEBFERE L
HCMTad Y, FRBOERFEDH LN, FLEHEW6TOE
T, LERB L CLRESERE LEFETH ) RO R
BED SN o, TRENZIOBETEENHBRTH S
b, TOBERGARSICEID T I BRELENE
FBIEMERERE LN TOEERTH -7,

HCM %3 100 O MyBP-CE{ZTF L7 vV X 1712 B1T 545
BHRT OKER, 1~ b0 (intron, Int)17 DA77 4 A5

40 & -

5 Lys Asp Gly Gin Arg

Nerwat - - -AAG GAC GGG CAG AGA - - -
wuant - - -AAG GAC AGG CAG AGA - - -

Lys Asp Arg GIn Arg

Fig.3. Automated fluorescent direct sequencing of the exon 17
of the cardiac myosin binding protein-C gene. Each curve
indicates A, adenine; C, cytosine; G, guanine; and T, thymine.
The graph is the result of proband 035 and 067. The arrow
indicates A peak of the mutant and G peak of the wild type.

B 47 (donor site, DS)D 1HH D GAAILELT HER .
Int17DSG+IA DB bz (M4), 4B, BRLILZADNYF
WBIEERGONY FEAFELTBYNFOBEKRTH /2. =
DOERE, 0 1T0 sV AFXF v EYTEREIL) B
ERTHY, AROERIMyBP-CREFDOA >~ 223, 30
EBOWTHESRTWIED, 1 ¥ FEZITIZ2WTOREE
B, HLOERTH -7,

3) Int17DSG+IAZERIZ & 2 HCM O ERBH T O ET

F2UlHmMFLI00DOLIMBERFAZRT. BR
Int17DSG+1A % 585 B B 10014 23 el IZHCM & B s
TWBAY, 30EHF OB TRE L OE PR, EREEE
PRENFN20mm, 13SmmEASHERL, &5 HiEFOI
HEWART 77383 (systolic anterior movement, SAM) # F2ub BZENE
B & B0 55 E (hypertrophic obstructive cardiomyopathy,
HOCM) Tdh -7z, EENEFEWE (fractional shortening, FS)
X 41 % TEENHEEIIRRTB Y, ERILERNE (eft
ventricular end-diastolic dimension, LVDd) 32 mm & EZERED
PRIEED LN ot FEIICRMEE 100 0LEMFR AR
T, FWE 100 LERTIE, I, I, aVF, V45 TQS/YY —
¥, VI3TrS/89 — > Th Y, LaVLTHRHT, 1aVL, V56T
ST TR, HIZZOREQILITFHLHBREIZLD
HIBEEIZ L AU Y PR T LD EELLNTEY
D6 HEFNZLVERNH Y, Kb EREAKTS. M5

GTG CAGG NTGAGCC

5, éx;n 74——’—-] | r———* Intron 17 3

Normal - -GTG CAG G GTG AGC C - - -

wun - GTG CAG G ATG AGC C - -
L

Val GIn Donor site

Fig. 4. Automated fluorescent direct sequencing of the intron
17 of the cardiac myosin binding protein-C gene. Each curve
indicates A, adenine; C, cytosine; G, guanine; and T, thymine.
The graph is the result of proband 100. The arrow indicates A
peak of the mutant and G peak of the wild type.

Table 2. Echocardiographic findings in the affected individuals with Int17DSG+1A in the cardiac myosin

binding protein-C gene

Age IVST PWT _IVST LvVDd LVDs FS

Family No. Gender (year) (mm) (mm)

(mm) (mm) (%) ASH SAM D-HCM

100 -1 M 30 20 13

32 19 41 + + -

IVST indicates interventricular septal wall thickness; PWT, left ventricular posterior wall thickness; LVDd,
left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; FS, fractional
shortening; ASH, asymmetrical septal hypertrophy; SAM, systolic anterior movement; D-HCM, dilated form
of hypertrophic cardiomyopathy; M, male; -+, presence of a finding; —, absence of a finding.
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Table 3. Electrocardiographic findings in the affected individuals with Int17DSG+1A in the cardiac myosin binding protein-C gene

QRS
Age Rhythm/HR PR Intervals Width ~ Abnormal  SV1+RV3
Family No. Gender (year) (bpm) (second) (sec) Q wave (mV) ST-T change
100 I M 30 SR/68 0.14 0.10 + 3.1 ST depression in LaVL, V5,6

negative T in I,aVL

HR indicates heart rate; bpm, beat per minute; SV 1, amplitude of S wave in V1 lead; RV5, amplitude of R wave in V5 lead; M, male; SR, sinus

rhythm; +, presence of a finding.

Pedigree 100

_O

. o il

39 year / 30 year

Fig. 5. The pedigree of family 100 . The arrow in the pedigree
indicates the proband, The square and the circle in the
pedigree indicate male and female, respectively. I, indicate
generations ; N, sudden death ; O, not investigated ; I,
mutation (heterozygote) present, clinically affected.

41 year

TGG ATGCNGCTGA AC

5 Trp Met Arg Leu Asn 3

Normal - - - TGG ATG CGG CTG AAC -
Muant . . - TGG ATG CAG CTG AAC -
Trp Met GIn Leu Asn

Fig.6. Automated fluorescent direct sequencing of the exon 25
of the cardiac myosin binding protein-C gene. Each curve
indicates A, adenine; C, cytosine; G, guanine; and T, thymine.
The graph is the result of proband 011, 023, 084, and 089. The
arrow indicates A peak of the mutant and G peak of the wild
type.

Pedigree 011

1 s

65 year | 79 year

5,0

i]z——@) :

76 year 72 year 71 year
0, © A
42 year 36 year 34 year
Control 16 year 310 bp Marker
. N o

Fig. 7. The pedigree and result of PCRrestriction fragment
length polymorphism (PCR-RFLP) analysis of family 011. The
arrow in the pedigree indicates the proband. The square and
the circle in the pedigree indicate male and female,
respectively. I, I[,II,IV indicate generations;”,2f #deceased;
[0,0Onot 1nvest1gated I0,Oheterozygous patient with
ArgBZOGln mutation in the exon 25 of the cardiac myosin
binding protein-C gene; ® , mutation absent; Digestion of the
PCR products with Pvu II generates polymorphic restriction
fragments of 118 bp and/or 192 bp. All of the individuals with
Arg820GIn mutation show 118 bp, 192 bp, and 310 bp
fragments which indicate the heterozygotes for the mutation in
the exon 25 of the cardiac myosin bindig protein-C gene.
Control, control patient; Marker, the molecular size marker.
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Table 4. Echocardiographic findings in the affected individuals with Arg820GIn in the cardiac myesin
binding protein-C gene

Age IVST PWT _IVST LVDd LVDs FS
Family No. Gender (year) (mm) (mm) PWT (mm) (mm) (%) ASH SAM D-HCM

011 o-1 F 76 14 11 1.3 36 22 39 -+ - -
o-2 M 71 16 10 1.6 58 45 22 + - +
m-2 F 36 10 9 1.1 44 29 34 - - -
m-3 F 34 10 9 L1 42 24 41 - - -
V-1 M 16 19 10 1.9 42 25 40 + + -
023 I-1 F 75 11 10 1.1 50 38 24 - - -
-1 M 55 25 14 1.8 38 22 42 + - -
084 O-1 F 70 10 10 1.0 50 30 40 - - -
089 o-3 M 69 11 10 1.1 43 24 44 - - -
o-4 F 68 12 10 1.2 40 26 35 - - -
o-s M 64 21 12 1.8 47 26 45 -+ - -

IVST indicates interventricular septal wall thickness; PWT, left ventricular posterior wall thickness; LVDd,
left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; FS, fractional
shortening; ASH, asymmetrical septal hypertrophy; SAM, systolic anterior movement; D-HCM, dilated form
of hypertrophic cardiomyopathy; M, male; F, female; +, presence of a finding; —, absence of a finding.

Table 5. Electrocardiographic findings in the affected individuals with Arg820Gin in the cardiac myosin binding protein-C gene

QRS
Age Rhythm/HR PR Intervals Width  Abnormal SVI+RVS5
Family No. Gender (year) (bpm) (second) (sec) Q wave (mV) ST-T change
011 I-1 F 76 SR/89 0.11 0.08 - 33 ST | inV5-6
I-2 M 71 Af, PM * 0.1 - 5.4 ST | in I,I,aVF,V3-6
negative Tin I ,aVL
m-1 F 42 SR/67 0.16 0.10 - 2.5 -
-2 F 36 SR/65 0.12 0.08 - 3.5 -
m-3 F 34 SR/62 0.15 0.10 - 1.5 -
V-1 M 16 SR/52 0.18 0.06 + 3.7 ST 1 in I,M,aVF,Vi-4,ST { in I.aVL
negative T in aVL, V1-3
‘ 023 I F 75 Af * 0.12 + 2.8 negative T in T,aVL,V4-6
m-1 M 55 SR/56 0.18 0.11 _ 35 ST 1 inV2-3,ST | in I, aVE,V3-6
negative T in I ,aVL,V2-6
084 o-1 F 75 SR/65 0.13 0.10 _ 7.7 ST | in I,0,aVL,V3-6
negative Tin I,aVL,V3-6
089 0-2 F 77 SR/54 0.18 0.10 _ 5.8 ST | in I,0,aVL,V3-6
negative T in 1 ,aVL,V2-6
o-3 M 69 ~ SR/5S 0.18 0.12 + 2.7 ST tin 0,[,aVFST { in I,aVL,V4-6
negative T in 1 ,aVL,V5-6
I-4 F 68 SR/55 0.18 0.10 _ 2.4 ST t in II,I,aVF,V5-6
negative T in aVL,V5-6
I-5 M 64 SR/52 0.18 0.11 5.0 ST 1 in M,aVEV1-2,ST { in I,aVLV3-6

negative Tin I ,aVL,V2-6

HR indicates heart rate; bpm, beat per minute; SV1, amplitude of S wave in V1 lead; RVS5, amplitude of R wave in V35 lead; M, male; F,
female; SR, sinus thythm; Af, atrial fibrillation; PM, pace maker;*, impossible to measure; —, absence of a finding; +, presence of a finding;
¥, depression; 1, elevation.
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Fig. 8. The pedigrees of family 023, 084, and 089. The arrow in the pedigree indicates the proband. The square and the circle in the
pedigree indicate male and female, respectively. I,1,1I indicate generations; A &, & deceased; [0, O not investigated; B0, ©mutation
(heterozygote) present, clinically affected; ® , mutation absent, clinically unaffected; ¥, sudden death; C, sex unkown.
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Abstract

Hypertrophic cardiomyopathy (HCM) is characterized by a disproportionate left and/or right ventricular hypertrophy with
particular involvement of the interventricular septum. Previously HCM was defined as a heart muscle disease of unknown
etiology. However, HCM is familial in the majority of cases and is transmitted as an autosomal-dominant trait. Recently,

“molecular genetic studies have shown that familial HCM is a disease of the sarcomere involving mutations in nine different
genes encoding proteins of the myofibrillar apparatus. 'This study was performed to examine the prevalence of the myosin
binding protein-C (MyBP-C) gene mutation in patients with HCM in the Hokuriku district. The MyBP-C gene was amplified
by PCR, and variant conformers were detected by PCR-single strand conformational polymorphism (PCR-SSCP). Subsequent
direct sequencing of the PCR products determined the mutations. The mutations were confirmed by PCR-restriction fragment
length polymorphism (PCR-RFLP). One new truncation mutation and one new missense mutation in the MyBP-C gene were
identified in five probands with HCM. The first mutation was a G-to-A transition in the donor site (DS) of intron (Int) 17
(Int17DSG+1A) found in one individual from one family. The second mutation was a G-to-A transition in exon 25, resulting
in amino acid substitution of Gln for Arg at codon 820 (Arg820GIn). Two novel mutations (Int17DSG+1A, Arg820Gln) in
the MyBP-C gene were identified in five (3.3%) of the 150 HCM probands. The prognosis of patients with these novel
mutations of the MyBP-C gene is better than that associated with the 3 -myosin heavy chain gene and the cardiac troponin T
gene. However, some patients with Int17DSG+1A and Arg820GIn have early onset and progress to the state of hypertrophic
obstructive cardiomyopathy (HOCM) and dilated form of hypertrophic cardiomyopathy (D-HCM) and, additionally, there are
several cases of sudden death among family members. Therefore, patients with these mutations, especially males, need
careful long-term management and observation.



