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FERELLEREICB I 05 p-3 4 ¥ v ERERTERL
BEER(E BT B 5 TRIZE AT

RIRK K BRI RO ISR 5 F -G
(g% © RS )
(EfE: B H0R)

A& k&

IMJCELLAdE (hypertrophic cardiomyopathy, HCM) 1%, TERESERIC I OE QIR E D 2V LEBEOTRE — LU, (L
FTRNBERO L2 1 LS YRR, HELMSE A I L AL O Ik & S, (ORI L2 e T BB TH 2. LAY
0, HOM B OLHL R IR RO b, B Al ERR % R S e b Tk, EED ST REES T
JeOHESIT LY, HCM LM #-3 4 & v 84 (3- myosin heavy chain, 3 MHC), Ui b =2 Tis L UM 3 4 & i &
BE-Ch YL LD A7 R 2 BEEORGETERNRETH S LA S 2R ), ThETizdh s b ofi
OEFERET PG SHTVwa. 095, L MECIRE T-8%H & HCM 0 FUREHET- S5 0420 % 70 5 30 % & i, ik
LEEAT G & HE S LT WA, LA Ladtsh, HCM ORI B ET- Rl oM Rl (5110 & Bie%, THE oMRa ERE
IR S AL R E A, RRFETIE, dLBEL RO R B 168 RANDHCM B #1122V T, Ll 3 MHC (AT
W OMUE, B RETERE REMOMEI OV Lz, BB AR MER S D T-DNAEMI L, 0 3 MHC
BIETFOLY Y v 3hbI sy 24 F TOHBIZIOWTPCRIZE ) DNAKT 21 L7z, Z0f, PCR—APIT> 7+ A
S 8 ¥ %% (PCR-single strand conformational polymorphism, PCR-SSCP) % X UL ITRIER L D E 48 3% % 1)
sLf-. 2512, PCRIIMRALYINi% M (PCRrestriction fragment length polymorphism, PCR-RFLP) i % v Till{n -2 40
TEER % 475 72, 4 HCM 25k 168 & 12 BT H#REIT, Ala26Val, Ala200Thr, Gly733Glu, Met822Leu, Arg858Cys, Arg870Cys,
Glu935Lys D 7HIEI O LG B 3 4 ¥ BHMETFERER VLA, 2095, Ala200Thr, Gly733Glu, Met822Leu, Arg858Cys
DATIFIE, ZILE TSR (I ERTH o 1. JbEEH QI KELOIRE B 5005 8 34 ¥ ¥ BHGRIETER OB
126.0%ThHors. ZIEOMETERN S 5, Gly733Glu, Arg858Cys, Arg870Cys, Glu935Lys I3 E{L & fE- Tz, 2,
BETF L OBEEEA T, Ala200Thr ASATP# AT AOE#E 12, Gly733Glud® 7 7 F » #&HALIEE 12, Met822Len,
Arg858Cys, Arg870Cys 7% 3 4 ¥ > BRSNS A ML & 4 (LI L Tz, BRIRIEICD W TOME T, SLIRMIE ALY L iFE
BI%5, Gly733Gluz HTARARIZ1A, Met822leuzH ¥ 5 REWZ 2B LN, T, ZERIED Met822Leu, Arg858Cys,
Arg870Cys D & METFEREZHTHRAIEDSNL, TALOHKRLY, 3 MHCRETERC S 2MFMLEIIE, #E
TLOFEL ) bMETEROFET B BEEEBAAYE  Bb o TV 2 EEEATRE & 7.

Key words hypertrophic cardiomyopathy, cardiac 3-myosin heavy chain gene, gene mutation,

sarcomere, sudden death

PR AELLKGE (hypertrophic cardiomyopathy, HCM) 3, il
ERER LB BRSO S 2 EEEES WIS b 6§
LEEOIER &L, & O8%BH 2RI WIHERER £ 47
AHLNAHERTH A, HHMAKRENCE, LHAROEX
TS B L A A OBERIEHE T 5 Y. FEADK
KIZBEWERETH o 7205, £050 %L, EICF f @it
ERR % & 2 RENBENRO LN S Z LE LT,
QST REZFNMEDEA L HE > THCMIZBWTHE
RBETFOEF NI TN, 19894 Jarcho & NI >
R FAH+ ¥ AOHCM KFEROEFFT,» b, HCM DR F AR

13463 A 14 BSfF, PRI134ES A 4ARHE

F012% EUFRBELICHFETLIIE2NHTHRE L.
[ L 8- 3 4 & » B (#-myosin heavy chain, 2 MHC)
SHETD 14 et RN (14q11.2-q13) LIZFETH Z L aF
&NV EH D, Geisterfer-Lowrance b (305 8 MHC
BETFI2H LTI £ 17, 1990 EF IR HCM OB H IZH %
THERFRVHELTHELL. 20%, HCM OB RE(EF
BEIE L OMER TR EN, INETILOMEALOLH
MHCREFERIHE SN TVE ",

—F7, LSRRI IZ X 0 .LEF 8 MEC UL O R BER T O
HHE s, HOMOBEZENFH—USFE S Pk o7/, M

Abbreviations ;| ASH, asymmetric septal hypertrophy; FS, fractional shortening; HCM, hypertrophic
cardiomvopathv: HOCM. hypertrophic obstructive cardiomyopathy; MBPC, myosin binding protein C; 2 MHC, -
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SHRAT & T MO AR CERRIET T 7O - FICL D, Fk
HCM OB REETF L LT, H1FRAERN (1932) L0
F @ = 2T (troponin T, TnT) SB(EF®, $15FEERE
(15q22) LD e P ORI ¥ ¥ (a-tropomyosin, « TM) #
(EF30, w11 EREEER (1pl1l2) EOLH IS Vi
£ 1 C (myosin binding protein C, MBPC) s#{ET" ™%, #3
T A KEM (3p21.2p21.3) LOLEM I 4L 277 ) IEH
(ventricular myosin essential light chain, YMLC1) #{ZF, %
12 B et fhER (12¢23-q24.3) EOLER 342 TR
(ventricular myosin regulatory light chain, vMLC2) #{ZF*,
# 10 Fiffa {k (19p13.2-q13.2) L. b @R = ¥ I (troponin I,
Tnl) HEEFD, $£15 BREHERE (5q1) L0« 77 F
> (cardiac «-actin, CACT) #ET, fE2FREMARE Q931
toy 45> (titin) BEFI9RLICEAE S URE S TY
5. F 3 MHCHEET 2 &4 25 OB OMET X, v
N LEONGECEST AL a AT 2 BT 2 BAHOMIE
FThoI LN, HOMEF LI ATHTH B & THHED
BIBENBILET. LOLEdS, £0— ) CHCMIERFD
HEFERZPCEREETITHNE ETHAE.

HCM OERIEICHET2HED ZhFCltlg(REhTw
3. TERESMEH L LT OLEREIE LA LB 0L T DML
128 DAY, BEWAENCILOERHEOMEAIEPE 2 Y
EEBEEORD 130 L0 b O35 I xRk IR
(asymmetric septal hypertrophy, ASH) &IEiER T2 2%, i
¥, EEEOEEERE R S OR LRIV ILE 2 RY
LOLAEDENL, FILREICINE L CER EE R
T % BT 5 ORLREEAELLGE LWFER, BRACS

CECRACIEHTHD LHESN TV ™, MBI,
LEOIBBEEE 07547 ¥ ADET) PEHEHNTH
N EBEREHES D VILLERERICAZEE RO 5 MEEEX
L[ 7% (hypertrophic obstructive cardiomyopathy, HOCM)
L, BAEFED L VIERENEAR.LHE (hypertrophic non-
obstructive cardiomyopathy) IZH s LB, T, LI
BIEEECHAPUGLATEL TWADD—EFHTH D5,
HCM @4~ 12% B I A RO JEEL, EREOILKE
XL TEZSNHASHHEL, WRILOHIE L FIOREL
B4 2EMAFRS b, HERAE ARG EE & IR Ty
HOH IO L ICHCMOBREEEDTERTH ), T
—tEERT.

ST, ThBHBEFHRY—%E BROFH— O BRIZD
WTHEHEHENA LI 2R o7, L g MHCHET & 4 TnT
BEF L Vo LRRBEFORBEDEVOAL LT, F—H#E
FTOLEEROMERREFHOENC L AEHREOERIH S
Pz END0HB, £, RLHI —T v XTEHLHS
MHCHEEZFEENFHCMD20%~30% % 5OR D H LR
EAMTWEY®, 71405 FTRPEVE Vo EED R
HHENTWESE, ZoZlrd, BRNAH—ESREENS

—MEICHETHIOTIRI RV EDERITLTHNED, K
S @BE s TIEW R Y,

22T, AEFEFELELFTOHCM BT 5045  MHC
BIEFREEOEEZYLMICL, 2OEEDEVEBRELD

®

B 2 B0 & 22 2 HEY TR 217 o 72,
WEb L UHE

I.3% &

WEld, 12BELENRB X O GHBERTAICBWT
WHO/ISFC "534 Maron 5 Y DB AEHE, ThbbiEZER
KPiRA2EDHLIE, FEREARE & LThOMEEB L ey
HEBREH SRV L &ML, HRMICHCM &3l s
JefEd B IEEORRE 1684 Th 4. BETHITIZOWTI,

EEP LA T4 =L -2y PEREBTITo7.

.5 &

1. %5 FDNADH

5B O RS EHR M 10m] % EDTA-2Na % $L#E# & L TR
WU7f, 4CTIZTH®L, —20CIZTRFLL. TheER
WL, AT Z & < Triton X-100 BlH2EE ™2 CH AT
DNA # MM LAz, BRI (320mM 2 = i, 1% Triton X-100,
5mM MgCl,, 10mM Tris-HCl, pH7.6) |2 TRl ik & @i & 4,
B X DB e LCEmEkENS L2, She FuFT7—¥
(Sigma, St.Lous, USA) 12 THifbfk, 7=/ — -7 0ok h
A:1) T—@, HoTI7IaRVAL YT INTII—IL (4
S T2 L, BRIy Lkl & D DNA & B
L7, BLLEo#Eio LC# 57 DNA % Tris-EDTA #R1 i
(10mM Tris-HCl, 1mM EDTA-2Na, pH 8.0) \Z#% > 1, 260nm
BT AMEEERTE T A Z e L DT RD /.

2. PCR

V=N DF—FNR=2IBFENT S L ML
MHCHBZFEE 2D &2, 7V Y3hbs) »24FETO
2Ly NI OVTRRE L2 20RO 7T 1 v — 234
%{ERL L 7=, PCREEW A PCR-SSCP LT & 2 MM (i8] % 354
BEhalilr, 2oV 16T sV r 23 FhEh2o10
SE L, EELET Y 16a, 16b, 22a, 22b &R L7z, Fi-,
Ty r7Ens 8, —HMOTSITAT—TTI I T7+8
L LTPCR%4To 7 GED. 754 v —ORFHNBEL T, §
MWeE3MOTmEATEBMRY —F T 2B L. TmiE
DOFHTIZIEMacMeltTM ¥V 7 b7 = 7 (Bio-Rad Laboratorles,
Richmond, USA) 2 L7z, A7 4 AEMLOZERRHI O
b,%f%f?—mlivvuw%?%4/|uz%@&(t
b 5bplEFLb D E L.

FIALT—IR=F LT I LFNERAKRT 354 FENIT
AR L7z, ARICIZDNA A RUHEE 7 ) ABI381A (Applied
Biosystems, Inc., Foster, USA) % M7z, 7 ¥ €= 7KICER
L, 55CT—M#E LY A T—20CIHHL, HETTHE
O L TER, BREREE K 1ImlIZEMRL, » 7 A NAPS
(Pharmacia-LKB, Uppsala, Sweden) (23 L TR L7z, Zh%
200F5 12 AR L, 260nm TOWIEEE & 0 il % il LT 10pM
Wb L) REEZHEL.

DNAKT A OH#EWEIZ1E, Saiki 542 & 5 PCREZ V72, &
SFDNA 1 ug % HHDNAL LTIOpMD T 54 %=1k v }
L200  MDETHFY X7 LA F F (dATP, dACTP, dGTP,
dTTP) L 258N TaqH ) 5 —F (BERS, E) %0.01%
¥5F 2 E&UBER (10mM Tris-HCl, pH8.3, 50mM KCl,

myosin heavy chain; PCR-RFLP, PCR-restriction fragment length polymorphism; PCR-SSCP, PCR-single strand
~anfarmational nolvmarnhism: TRE. Trishoric acid-EDTA: o TM. # - tronomvosin: Tnl. trononin I: TnT. trononin T
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1.5mM MgCly) 1ZlNZ, FHEEZERKEIMZ TESE0 2l L7,
BHEUE, BOLTRIBEEED, 32T 4 ()L (Sigma)
PEEBHTLUCHERZHE, 94TC14, TmiElzdET&Zh?
NOTTA4Av—ty PTEITPHELIRETLS, 4T 15%
147 0ELTENERL, 3004 2 VORIEETo 7.

A0 L 7= DNAWTA &, 1%8% 74 T — A4 VA2 THRE) L 7=,
#iF~v —# — &£ LT SUPERLADDER-LOW dsDNA Marker Kit

(Gen Sura Laboratories, San Diego, USA) # [EBfZikED L THI A
REMER L.

3. PCR—A&§Ha > 7 + A—3 3 »%H (PCRsingle strand
conformational polymorphism, PCR-SSCP) i
& 679 U Tris-HCl 54g, K& 27.5g, 0.5M EDTA 20ml 1278
R EIMZTILAZ L7z b D %R OS5 X Tris- 7 l-EDTA
(Tris-boric acid-EDTA, TBE) ikEFH#EHE & L CHaMli L, ki

Table 1. Oligonucleotides flanking exons of the cardiac (3 -myosin heavy chain gene for PCR amplification

Oligonucleotide

Exon name Sequence

3 BEX3-5 5-TTT AAG CTT CTG CTC CAC TCC AG-3'
BEX3-3 5-TTT TCT AGA CTC TCA CAT CAG CCT GA-3'

4 BEX4-5 5'-CAC TAT TGC CCT GTC ACT CA-¥
BEX4-3 5'-ACC CTG CCT AGA CAC AAA CA-3

5 BEX5-5 5'-CTA ACT CCC AAA ATC ACC AGC C-3
BEX5-3 5-TTC TCC CTT CCT TCT CCC TCT C-3'

6 BEX6-5 5'-GAG GGA GAA GGA AGG GAG AA-3'

BEX6-3 5'-GGG GAA AGA GGC TGA GTC TA-¥'

7+8 BEX7-+8-5

5'-GGC TTG TCG GTC TCC AGT AG-3'

BEX7+8-3 5'-TCT GAG ACC ATT CCT CCA CC-3'
9 BEX9-5 5-TTT AAG CTT CCC CCA ACT CAT CAC CA-3'
BEX9-3 5-TTT TCT AGA GCA AGG GTG AGC TTA-3'
10 BEX10-5 5-TTC TCT CCT TCT TCT CCC CA-¥
BEX10-3 5-ATA GTT GGT CTC AGT CGG TG-3'
11 BEX]11-5 5-TCT TCC TCA GGC ATG TGC TG-3'
BEX11-3 5'-TCT GCT TTT GGA CCC CTG TT-3'
12 BEX12-5 5'-CAA GGG ATC TCA CTT ACC CA-3'
BEX12-3 5'-AAG AGA GAT GAC TGC TGA GC-3'
13 BEX13-5 5'-GGG AAG CTT ACC AAC TTT GCT CTT GCC-3'
BEX13-3 5'-CCT ACC CTG CCC ACC CAT-3'
14 BEX14-5 5'-CCT GCT CAA TAT GGG CTC TC-3'
BEX14-3 5'-GGG TCT AGA GGA GCG AGT GAG TGATTG TT-3'
15 BEX15-5 5'TTT AAG CTT TCT GAC TGC TCC CAC C-3'
BEX15-3 5-TTT TCT AGA TGG AAT TCA GGT GGT AAG G-3'
16 BEX16a-5 5'-TGA AGG ACA CTC AGT GAT GCT-3'
BEX16a-3 5'-CCA GCC AAT GAT GTT GTA GTC-3'
BEX16b-5 5'-GAA GCC TGA AGC CCA CTT CT-3'
BEX16b-3 5'-TGT ACC GGG AGC CTC AGT C-3'
17 BEX17-5 5'-GGA TGG AAC TGG GTG AAG AA-3'
BEX17-3 5'-AAG TGA AGA GGC CAG GAG AT-3
18 BEX18-5 5'-CCC CTT CAT CTC TGT GAC CT-3'
BEX18-3 5'-GTG GTT TGG AAA CCA CTG TG-3'
19 BEX19-5 5'-CTC ACA GAC TCC TCC TAC TTC CTT C-3'
BEX19-3 5-GCC TGG CTC CCC CTG TTC TAT GAG C-3'
20 BEX20-5 5'-GGA TCT GCA GGT GAC CCT GAA T-3'
BEX20-3 5'-ACA ACA GGA AAAGCATCA GAGG-3'
21 BEX21-5 5'-CCC TTC CTA AGG TAA TCC CA-3'
BEX21-3 5'-GCA GTG TGT TCA TAT GAG CC-3'
22 BEX22a-5 5'-AGG CTC AGC ACT CCT TTC AA-3'
BEX?22a-3 5'-GGA CAC CAT CTT CTC CTC CA-¥
BEX22b-5 5'-CTG CTG AAG AGT GCA GAA AG-3'
BEX22b-3 5'-AGG GTG GAA GAG CCA ACA GT-3'
23 BEX23-5 5-TTT AAG CTT GAA CAG CCT CCC CTC TGT-3'
BEX23-3 5'-TTT TCT AGA CCC GGG CTG GAG CC-3
24 BEX24-5 5'-ACC ATA CTG ACC TTG ACC CA-3'
BEX24-3 5'-ACA AAT ATC CCC CCA TCC CA-3'

Oligonucleotides complementaly to DNA sequences flanking exons of the human cardiac 3 -myosin heavy
chain gene were synthesized on ABI 380A DNA synthesizer and used to amplify the interventing sequences

with PCR.
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EATIZ 1 X DRBEIZARL .

0.5mM EDTA 2 1, 5N NaOH 10 .], FHREIZEREK 88 u1%&
Ba&LTTMA U EREMEY, PCREWS ullo7 L% ) iFi2
plEMAT42C T3S, 95CT25MAE, 0CIEBmLT—
RS ITEME R, R, 10— 20%BEAREY) TS ILT
3N (T =, BE) #HWT, TBERERPTLTOLE
80V T 12 MM ik By L 7=, #1213 BIO-RAD 14t % v b (Bio-
Rad Laboratories, Richmond, USA) # flvy, 70 b a3 — L {Z{E
S THREEETo. Thbb, 0%/ —, 5%HMEE
i1 200mlIC T 15 3B v OB E T, B{EH 100mliZ TS
SEEL S, EEKTSHMIC LEIKERZ A5 15971
T E, £onBEEE %k, REnEREmz 20 5H
BB R, TORESKTISMESL, BEEzme TN

#*®

I POWBEMHELL., AL L/ M%< Bo 2kl
THRERTIHBT TV, 5%FREE100ml 2 TRIE & #1-
K7, 0%y /-, 5%EERIRAK200ml 2 R L L,
3045 BL RPN S VR B LR, S LA T 40
L2 TIF A, BEHLUTRIFLA.

4. B ELE BT E

PCRTHIE L 72 DNAWH T % 1 %W 740 — A4 VIZHE
v —h— eIk L, WRREMAELLLTHNMETS
DNAWI o> FEEOEmMaE@ L, — 80T T2MHU
AL, RIS, ThEe 80 C T2 mE LT L, =4
yuarew4soar50 (Amicon) M AFHETIO
DNAWF % il 8 LRI RO R T I/ —BLURA 7L
FF Rk l, FREBERERYIEENSIMDNAL L

Table 2. Oligonucleotide primers modified for PCR-RFLP analysis

Oligonucleotide
Exon name Sequence
3 BEX3-3AV 5'-GAG GTC AAA AGG CCT GGT GTG-3'
7+8 BEX7+8-5AT 5'-CAG TACTTT GCT GTT ATT GTA-3'
20 BEX20-3GE 5'-TCC TGC TAT CAA TGA ACT CT-3'
22 BEX22b-5RC 5'-CTA GAG AAG TCC GAG GCT AG-3'
23 BEX23-3GA 5'-GTT GCG CTT CTT GGC AGT AA-¥

Oligonucleotides complementaly to DNA sequences flanking exons of the human cardiac £ -myosin heavy
chain gene were synthesized on ABI 380A DNA synthesizer and used to amplify the interventing sequences

with PCR.

Ala26Val

AAaG LG CAG ACCAGG
~1ee, N

Ala Gin Thr
Normal 5'GCG CAG ACC 3'

Mutant 5'GTG CAG ACC 3'
Val GIn Thr

Fig. 1. Automated fluorescent direct sequencing of the exon 3
of the human cardiac 3 MHC gene. The arrow indicates T
peak of the mutant and C peak of the wild tvoe.

Pedigree 125

I-2 -3 Normal

140bp

Fig.2. The pedigree of family 125 and 138 and the result of
PCR-RFLP analysis of family 125. The arrows in the pedigree
indicate the probands. The square and the circle in the
pedigree indicate male and female, respectively. I, II, III
indicate generations. W, deseased; K, the Ala26Val mutation
(heterozygote) present, clinically affected; [*], mutation
present, but clinically unaffected; Digestion of the PCR
products with Alw44l generates polymorphic restriction
fragments of 130bp and/or 107bp. The proband and his
daughter (III-1) show both 130bp and 107bp fragments, which
indicate the heterozygotes for Ala26Val mutation.
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I

Rl SHAIIE A P AR Rl i (0 R/ SV
4« %+ b (Perkin-Elmer Corporation, Norwalk, USA) % Hv»
T, ¥4 5= 33— § =BT TRIEZET> 2. BELEHEE
FLEF PeEE & LT, ABI PRISMTM 310 Genetic Analyzer
(Perkin-Elmer Corporation, Norwalk, USA) % Jij\ 7z, Z4Ud¥

Ala200Thr

ATTGCAACCATTGG
170

Normal 5'GCA GCC ATT3'
Mutant 5'GCA ACC ATT3'

Ala Thr lle

Fig.3. Automated fluorescent direct sequencing of the exon 7
of the human cardiac 3 MHC gene. The arrow indicates A
peak of the mutant and G peak of the wild type.

Gly733Glu

CCTGAGGAACAGTT
90 100

| )
A

Glu Gly Gin
Normal 5'GAG GGA CAG 3
Mutant 5'GAG GAA CAG 3

Glu Glu GiIn

Fig. 4. Automated fluorescent direct sequencing of the exon 20
of the human cardiac 3 MHC gene. The arrow indicates A
peak of the mutant and G peak of the wild type.

¥ U5 — MO IERFIBAT G T, WAL b7 — 7138
— ) F L3y ¥ a—#%— Power Macintosh G3 (Apple,
Cuperutino, USA) KEMNEEDEE 7 1 A 7 \ZHlT—5 £ LT
AR ST, BB T B KR AT & FT BT, FEHY
T —- s BIUOREN YT 7 LTIILL.

Pedigree 112

Marker -2 -2 I-2 Normal

140bp £ cas
120bp B et
LO0bp Lo et

Fig. 5. The pedigree and the result of PCR-RFLP analysis of
family 112. The arrows in the pedigree indicate the probands.
The square and the circle in the pedigree indicate male and
female, respectively. I, II, II1, IV, indicate generalions, A,
deseased; I, the Gly733Glu mutation (heterozygote) present,
clinically affected; Digestion of the PCR products with Ksp6321
generates polymorphic restriction fragments of 140bp and / or
119bp. The proband and her mother (II-1) show both 140bp
and 119bp fragments, which indicate the heterozygotes for
Gly733Glu mutation.

Met822Leu

GGCCTTCNT GG GGG
6 7,

Phe Met Gly
Normal 5'TTC ATG GGG 3'
Mutant 5'TTC CTG GGG 3'

Phe Leu Gly

Fig. 6. Automated fluorescent direct sequencing of the exon 22
of the human cardiac 3 MHC gene. The arrow indicates C
peak of the mutant and A peak of the wild type.
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Pedigree 092

Fig.7. The pedigree and the result of PCR-RFLP analysis of
092 family. The arrows in the pedigree indicate the probands.
The square and the circle in the pedigree indicate male and
female, respectively. I, II, I1I, IV, V, indicate generations.
A, deseased; IO, the Met822Leu mutation (heterozygote)
present, clinically affected; ] ,sudden death, the age of death
is indicated; Digestion of the PCR products with Mva I
generates polymorphic restriction fragments of 94bp and / or
74bp. The proband, his son (IV-1) and his grand son (V-2)
show both 30bp and 20bp fragments, which indicate the
heterozygotes for Met822Leu mutation.

Arg858Cys

TTCACA TGCCTCA A
40 50

[

Thr Arg Leu
Normal 5'ACA CGC CTC 3'
Mutant 5'ACA TGC CTC 3'

Thr Cys Leu

Fig. 8. Automated fluorescent direct sequencing of the exon 22
of the human cardiac 3 MHC gene. The arrow indicates T
peak of the mutant and C peak of the wild type.

Pedigree 050
1 2
69)
1
1]
Marker -2 -3 IN-1 M2 14 X5 Normal

140bp }—;h
100bp

Pedigree 145

Z‘T—@
5% o o

Fig. 9. The pedigree of family 050 and 145 and the result of
PCR-RFLP analysis of family 050. The arrows in the pedigree
indicate the probands. The square and the circle in the
pedigree indicate male and female, respectively. I, II, IlI
indicate generations. [/, deseased; ], the Arg858Cys
mutation (heterozygote) present, clinically affected;[e],
mutation present, clinically unaffected; Jif, sudden death, the
age of death is indicated; Digestion of the PCR products with
NIalll generates polymorphic restriction fragments of 201bp
and/or 142bp. The proband050 and her brother (II-5) show
both 201bp and 142bp fragments, which indicate the
heterozygotes for Arg858Cys mutation.

Arg870Cys

‘TCGCTGCAAGG A
80
| |

Arg Arg Lys
Normal 5'CGC CGC AAG 3'
Mutant 5'CGC TGC AAG 3'
Arg Cys Lys
Fig. 10. Automated fluorescent direct sequencing of the exon 22

of the human cardiac 7 MHC gene. The arrow indicates T
peak of the mutant and C peak of the wild type.
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Pedigree 106

Pedigree 150
1

1 2

v
6B

1 2
m
Marker -5 1I-1 Normal
60bp Bl o .“
40bp , :
. - -@~30bp
20D Lo o “&-20bp

Fig. 11. The pedigree of family 106 and 150 and the result of
PCR-RFLP analysis of family 150. The arrows in the pedigree
indicate the probands. The square and the circle in the
pedigree indicate male and female, respectively. I, II, III
indicate generations. [/, deseased; K, the Arg870Cys
mutation (heterozygote) present, clinically affected; [},
mutation present, clinically unaffected; Jl, sudden death, the
age of death is indicated; Digestion of the PCR products with
Alul generates polymorphic restriction fragments of 30bp and
/Jor 20bp. The proband150 and her son (III-1) show both 30bp
and 20bp fragments, which indicate the heterozygotes for
Arg870Cys mutation.

Glu935Lys

 AATGCTGAG CTCA
130
I

Ala Glu Leu
Normal 5'GCT GAG CTC 3

Mutant 5'GCT AAG CTC 3'
Ala Lys Leu

Fig. 12. Automated fluorescent direct sequencing of the exon 23
of the human cardiac # MHC gene. The arrow indicates A
peak of the mutant and G peak of the wild type.

5. PCRHIMEEZLI% M (PCRrestriction fragment length
polymorphism, PCR-RFLP) %

EREFIEESNLE, EROTFENHEBLFAZ )~
2L SO0, EROFET TOHMIBHIAELS &) IF
BROLIEEORERSEEEL:. BRICL- TR, HE

OHIEEEE TRl ELs LT v FET L
(2. Thbb, —ISAEO TS 4<%, KMz
T4 v —kHG, EERRESGEELL) AT, PCREE
12 &0 REI R IC S R A A L 72 DNA R & g L 7.
PCREEMIC BRI L ISHEORIREEE & 2 OIS AR %
A, BERoEBBESMS L BRI TRIE ‘ét“f:. IS
ISR F 10 — 20 % IBEEAELT 2 ) LT 3 N AL Yk B R
v —H— LK LT, WO TEROMK Hj LT,

6. FHARNMWAE

O 3 MEHCHHETFERAHD SR RIIBVL T, #A
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1A, T2 BNTIA, 7V r2allBVWTIA, =
29 IIBVTAA, Ty r2BIIBVTIADEDET
10}\ TRENY VOO AL,

. EIEE R R X B RETERENOHE

1) FEME 12500 2 MHCHETZ 7V ¥ 312 B1T 1R
FETIRNT DR, ZoRFIR26FHDAla%E I— FT5GCG
HGTG~EZELL, VallzEif s L% R (Ala26Val L) O
AFOEGERTH 72 (E1). A—0KR, RiEHE138I2Y
BB, MEOFARER 212K, PCRRFLPEIZL 5

Pedlgree 047 »
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Marker JII-L W7 M2 Normal
200bp D

TSI O VROMENY | . 1815p
e tlﬁﬂbp

Aol
i e

100bp

Fig. 13. The pedigree and the result of PCR-RFLP analysis of
family 047. The arrows in the pedigree indicate the probands.
The square and the circle in the pedigree indicate male and
female, respectively. I, II, IlI, IV indicate generations. JZ,
deseased; I], the Glu935Lys mutation (heterozygote) present,
clinically affected; [*] , mutation present, clinically unaffected;
Digestion of the PCR products with Hind III generates
polymorphic restriction fragments of 181bp and/or 158bp.
The proband, his nephew (III-1) and his daughter (II-2) show
both 181bp and 158bp fragments, which indicate the
heterozygotes for Glu935Lys mutation.
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5) H#gH050 D0 3 MHCHBZTFT 7 v ¥ 22012817 A4
EEFIBITOWHKER, ZOREIIS8FHNArg® 21— FT2
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WMERRNCOEROMR T eI A, BiHD62HD
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Ala200Thr, Gly733Glu, Met822Leu, Arg858Cys @ 4 Fifin¥
PHIZOWTIE, TR E AT & ORI L3 & U0 L5
PRI 2RO RV I100 %2 e LTWALZED S, v
THOERLED LN h T,

II. BREFERICE T BBEGRORE

BT T 5 % 5 2o DL I L 2 K 8T,
AP & 24017

1. BETFZEE Ala26Val 25 8 0 iR 4%

LB R 1 TR 125 LB o REE A,

O

Table 3. Echocardiographic findings in the affected individuals with each mutation in the cardiac 3 MHC gene

Affected Age IVSth  PWth IVSth LVDd LVDs FS D-HCM like
Mutation Exons  Family No. Gender (yr) (mm) (mm) PWth ASH (mm) (mm) (%) Feature

Ala26Val 3 F-125 -2 M 45 16 10 1.6 + 44 27 39 -
-1 F 15 11 11 1.0 - 41 27 34 -
F-138 o-2 M 73 23 13 1.8 + 40 25 38 -
Ala200Thr 7 F-034 0O M 50 15 11 1.4 + 48 32 33 -
Gly733Glu 20 F-112  [I-2 F 65 7 10 0.7 - 69 60 13 +
m-2 F 34 25 12 2.1 + 38 20 47 -
Met822Leu 22 F-092 1[4 M 76 10 9 1.1 - 61 52 15 +
V-1 M 49 11 11 1.0 - 51 39 24 +
V-1 M 22 22 9 2.4 + 42 23 45 -
Arg858Cys 22 F-050 I-3 F 56 16 11 1.5 =+ 47 25 47 -
o-5 M 48 10 10 1.0 - 47 27 43 -
F-145 -3 M 65 25 12 2.1 + 52 30 42 -
Arg870Cys 22 F-106 -3 M 52 20 11 1.8 + 43 23 47 -
F-150 1II-5 F 75 14 10 1.4 + 39 23 41 -
Glu935Lys 23 F-047 o-7 M 75 17 9 1.9 + 49 36 27 -
m-2 F 49 11 11 1.9 - 44 28 36 -

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



HCM 2317 5 3 MHCHHETZR

ASHEBL TV, £7, EENEOEKEROONT, iz
It R Cn s, LERBFR T, I, 100, aVF 25
WEEOF, TR L, 15RO BRI IZ/EEEILEER]
¥, EEIGREEETh o7, 7, LERPFIRTLRE
S o Tz, B 138 TIZASH % 32, HrZOREIZIE
HELhor T, BREMEOCIAZEOT, EEIGHIE
BT, OB TR I, aVF 38 & O ek
PETHEAHD S, HFoV3, VATRERBSETREZZEL Ty,
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#a, ASHES LT, F70, LEiiiii il f€ 42mm,
FS45 % & /e PO AIE R0 6 LT, T sl i it Ao AL
T/, LRI R T, SR I RIRTEL D T 0 7260 75
BT A= A R — A — i AAIFAEAT S AL TV 7z, 49 [ LED)
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Table 4. Electrocardiographic findings in the affected individuals with each mutation in the cardiac 3 MHC gene

QRS
~ Affected Age Width SVI  SVI SVI+SV5
Mutation Exons Family No. Gender (yr) Rhythm AbnormalQ (sec) (mV) (mV) (mv) ST-T Change
Ala26Val 3 F-125 @2 M 45 SR + 0.09 27 0.7 34 NT in aVL
-1 F 15 SR - 0.08 1.0 1.2 22 Normal
F-133 012 M 73 SR - 010 13 2.6 3.9 NT in ILIILaVE,V5,V6
GNT in V3,V4
Ala200Thr 7 F-034 I-2 M 50 SR + 012 0.6 3.0 3.6 NT in LaVL,V4,V5
Gly733Glu 20 F-112 -2 F 65 SR - 014 L1 0.5 1.6 NTin LaVL
m2 F 34 SR - 014 10 1.8 2.8 NTinlILLVI,V2,V3
Met822Leu 22 F-092 M4 M 76 Af, PMR * * * * * *
V-1 M 49 SR - 010 1.8 2.3 4.1 NT in LILaVL,aVE.V4 ~ Va
V-1 M 22 SR - 012 09 34 4.3 NT in LILIILaVE, V1~ V@
Arg858Cys 22 F-050 O-3 F 56 SR -+ 0.09 1.0 1.7 2.7 Normal
o-5 M 48 SR - 0.08 0.8 1.1 1.9 Normal
F-145 I3 M 65 ° SR - 010 24 3.0 5.4 NTinLaVL,V5,V6
Arg870Cys 22 F-106 M-3 M 52 SR -+ 010 1.2 1.9 3.1 NT in LaVL
F-150 O0-5 F 75 SR =+ 0.10 04 1.1 L5 NT in 11T
m-1 M 45 SR - 0.08 1.0 15 2.5 Normal
Glu935Lys 23 F-047 1I-7 M 75 SR - 012 14 1.5 2.9 NTinLaVL,V4~ Vg
m-1 M 62 SR + 012 16 2.0 3.6 NT in LILaVL,aVF, V4 ~ v¢
m-2 F 49 SR - 008 14 14 2.8 Normal

SR, sinus rhythm; Af, atrial fibrillation; PMR, pacemaker rhythm; SV1, amplitude of S wave in V1 lead; RVS5, amplitude of R wave in V5 Jead:
NT, negative T; GNT, giant negative T; M, male; F, female; —+, presence of a finding; —, absence of a finding; *, impossible to assesy lht;

findings.
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4 ATP / T\ Hinge

ATG Actint Actinll MLC

Head Rod

Fig. 14. Mutations in the 3 MHC gene found in the patients
with HCM in Hokuriku district. Mutations are indicated above
the schematic representation of the 7 MHC gene. Mutations
described in shaded squares are new mutations. The domein
structure corresponding to each exon is shown. Sequences
that encode the initiation of transcription (ATG), ATPase
activity (ATP), actin binding (Actin I and Actin II), myosin
light-chain binding (MLC), and hinge function (Hinge) are
indicated.
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Abstract

Hypertrophic cardiomyopathy (HCM) is a primary disorder of the myocardium charactterized by disproportionate
ventricular hypertrophy and non-dilated ventricle associated with myocardial disarray and diastolic dysfunction. More than
half of the patients have family histories transmitted as an autosomal dominant genetic trait. The results of molecuar genetic
studies have shown that HCM is a genetically heterogeneous disease involving mutations in at least 9 different genes encoding
proteins of cardiac sarcomere such as cardiac -myosin heavy chain (3 MHC), cardiac troponin T and cardiac myosin
binding protein C. The missense mutations in cardiac A MHC gene have been reported as the most common causes of HCM
and have been identified in approximately 20 ~ 30 % of HCM patients. However, there are still gaps in our knowledge of the
frequency of HCM cases caused by the cardiac 3 MHC gene and the clinical manifestations and prognoses related to each
genotype. In this study, HCM probands from 168 unrelated families in the Hokuriku district of Japan were searched for
further mutations in the cardiac 3 MHC gene. Genomic DNA samples were obtained from the peripheral WBC of the
patients. Mutation analysis of the cardiac 3 MHC gene was performed from exon 3 to 24, and each 22 exon was amplified by
polymerase chain reaction (PCR) with 23 pairs of oligonucleotide primers. Variant conformers were detected by PCR-single
strand conformational polymorphism (PCR-SSCP) and mutations were identified by direct sequencing. The missense
mutations were confirmed by PCR-restriction fragment length polymorphism (PCR-RFLP). Four novel missense mutations:
Ala200Thr, Gly733Glu, Met822Len and Arg858Cys were identified. In total, 7 different mutations were identified in 10
probands including 3 previously reported missense mutations: Ala26Val, Arg870Cys and Glu935Lys. The frequency in
HCM, 6.0 %, was far lower than the previous reports. Among these mutations, Gly733Glu, Arg858Cys, Arg870Cys and
Glu935Lys were associated with the charge alteration. Structural aspects showed that Ala200Thr was near the ATP binding
site, Gly733Glu was near the actin binding site, and Met822Leu, Arg858Cys and Arg870Cys were near the myosin binding
site. Families of the probands with mutations were further evaluated both genetically and clinically. One member in the
family with Gly733Glu and two members in the family with Met822Leu showed left ventricular dilatation and systolic
dysfunction. Sudden cardiac death had occurred in the families with Met822Leu, Arg858Cys and Arg870Cys. These
observations suggest that the clinical manifestations and prognoses are more closely related to the locations of the mutations
than to the charge alterations.



