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Background : Through a genome-wide search using the genetic markers(RFLP genetic mar-
kers), the familial hypertrophic cardiomyopathy(FHCM) with an autosomal dominant mode
of inheritance has been firstly detected to be genetically linked to chromosome 14ql. The
subsequent studies have shown that the point mutations at the exons encoding for the head
and head/rod junction of the cardiac beta myosin heavy chain(8-MHC) are the most frequent
type of mutation in the FHCM families with a linkage to B-MHC, whereas the o/B-MHC
hybrid gene and a large deletion at the 3" region of B-MHC gene were also rarely detected.
With the other families genetically implicated with the chromosomes 1. 11, 15, 16 and 18,
FHCM also manifests locus heterogeneity, a phenomenon in which abnormalities at different
genes are involved in different families. In addition, a korean FHCM family with 403A®w~Gln
mutation of B-MHC gene has been previously found by an american research group.

Methods : For clinical diagnosis, echocardiography and electrocardiography were performed
on the individual members of a korean FHCM family. The microsatellite markers(MYO-I,
MYO-ID) located in the B-MHC gene region were amplified by PCR(polymerase chain reaction)
and the polymorphism was analyzed for the possible linkage to the phenotypic expression
of FHCM. Independently, the same PCR products of the exons 13 and 23 were digested with
the specific restriction enzymes for the presence of the most frequently reported point mutations
of B-MHC gene(403 and 908 amino acid mutations). Single strand conformation polymorphism
(SSCP) of the exons 13 and 23 of the p-MHC gene was also analyzed for the mobility shift
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expected if any point mutation is present at these two exons.

Results : The inheritance pattern of HCM (hypertrophic cardiomyopathy) in the family is
considered as autosomal dominant. In this family(KU 101), one of the microsatellite markers

(MYO-II) indicated the possible cosegregation between the allelic polymorphism and the disease

phenotypes. However, the possible disease-linked allele was also present in the 32-year-old

brother of the proband, who reveals no clinical signs of the disease. The other microsatellite

genetic marker(MYO-I) was uninformative, without giving the discriminating power to verify
the linkage to 8-MHC gene. In the analysis for two common mutations of B-MHC gene by
PCR-RFLP and PCR-SSCP, no evidence was found for 403 and 908 amino acid mutations
and any point mutation in the exons 13 and 23.

Conclusions .

Based on the linkage analysis using microsatellite genetic markers, there was

a possibility that the disease could be linked to an abnormality in the B-MHC gene of the

chromosome 14ql.
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Fig. 1. The three mutation types of beta myosin heawy chain(B-MHC) gene in FHCM families with a linkage

to B-MHC gene.

a) Missense mutations : 12 exons clustered in head and head/rod junction of B-MHC protein were
observed in the families with familial hypertrophic cardiomyopathy(the mutated exons were designa-

ted as shaded circle).

MYO- : (dC-dA)15/(dG-dT)+5 polymorphism at promotor region

MYO-lI : (dC-dA)23/(dG-dT)23 polymorphism at intron 24

TATA : Tata box i ATG : translation start site ; AATAAA : polyadenylation site ; ATP : ATP binding
site 5 Actin | and Actin Il : Actin binding sites ; MLC : myosin light chain binding site ; Hinge : protein

hinge

b) Alpha/beta myosin heaw chain hybrid gene(adapated from Tanigawa et al'®).
¢) Deletion of 3’ region of B-MHC including intron 39, 40, and 5 of a-MHC.
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Fig. 2. The pedigree of a Korean family with the affected individuals of familial hypertrophic cardiomyopathy (KU

101).
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Table 1. The oligonuclectide primer sets for microsatellite markers of B~MHC gene on chromosome 14

Marker locus Primer sequences Location
(MYO-1]
(dC-dA),5/(dG-dT) 5 (GT strand) 2768-2830"

polymorphism at

promoter region (CA strand)

5-CTGCATCTGAGCATATGGGA-3’

5'-CATTCAGACTATGCAGGGTT-3’

[MYO-11]
(dC-dA)3/(dG-dT) 4
polymorphism at

(GT strand)

intron 24 (AC strand)

14630-14717V

5-ATGCCATGTCTATCTGTGCC-3'

5'-AACATCCTCTAACCCTACCCC-3’

1) : The sequence numbers correspond to those of Liew et al*®.
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Table 2. The primer sets for amplifying the exons 13 and 23 of B-MHC gene and the restriction enzymes
used for the diagnosis of the two common missense mutations(403497Gn gnd gOgLeu—Vval)

Target Primer sequences Length PCR-RFLP
Exon 13 (5" primer) 267 bp Dde 1
8708" for 403G
5-TTACAGGCATGAACCACACACC-3' (129bp fragment is diagnostic
(8" primer) and normals show 161bp and
8974V 105bp fragments)
5-TTACAGGCATGAACCACACACC-3'
Exon 23 (5" primer) 404 bp Poy 1T
13869" for gogleu=Val
5'-CCCTCCTATTTGAGTGATGTGC-3' (161bp fragment is diagnostic
(8’ primer) and normals show 243bp and
142729 140bp fragments

5'-GGTCAGTATGGTCTGAGAGTCC-8'

1) : The sequence numbers correspond to those of Liew et al*®).
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Table 3. The echocardiographic and electrocardiographic findings from the family KU 101

Ped Echocardiography
Sex/Age EKG .
No. ASH SAM VS LVPW other findings
*I-1 M/65 LVH, LAH - - 13.9 10.7 mild MR
incomplete
RBBB
-2 F/61 N - - 12.0 12.6 DM, LV enlargement
*11-3  F/34 LVH, LAD + + 32.0 14.0 obstructive type
- PG 50mmHg
11-4 M/39 N - - 9.5 9.5
-7 M/31 Q in IT ITI + + 25.4 10.2 obstructive type
aVF Vs : PG 90 mmHg
11-9 M/31 N - - 8.0 8.0
1I-10  F/27 N - - 7.6 6.6
II-11 M/29 N - - 8.0 8.0
-6 M/2 T inversion - - 3.7 2.2
in Vi3
1-7 M/10m R in V, - - 5.6 4.7
T inversion
in Vi-Vs

* 1 persons diagnosed as having FHCM on echocardiography

EKG ! electrocardiography, ASH : asymmetric septal hypertrophy

SAM : systolic anterior motion of mitral valve, IVS ! intervenstricular septurm{mm),

left venuricular posterior walllmm), N : normal, LAD : left axis deviation, LAH  left atrial hypertrophy,
VH ! left ventricular hypertrophy, MR : mitral regurgitation, PG : pressure gradient, RBBB : right bundle

branch block

AzxEiy JA= 276

142 beta myosin heavy chain®%
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KU101
|
1 2
I
/ 3 7 3 70 B ] 14
"
6 7
STRmarker loci
MYO- -—
MYO-I ! - -1 -
indviduals 11 -2 I3 -7 -6 9 W7 10 11 113 14

Fig. 3. The genotypes of individuals in the family KUT01 at the two microsateliite marker loci, MYO-l and
MYO-l, for B-MHC gene.

MYQ-Il STR marker locus of beta-MHC

KU101
Allele

1—» 1 —» ——
2—» ' ' 2—r| - .. - - - w
3+ - - - ! 2 -
3 . bt

s - -

Indvidual 1 -2 H-3 1-1 -2 -3 W7 -1 113 k4 U9 110 -7

* * * * * ? X
Genotype 12 23 12 12 23 12 13 22 22 23 12 12 22

1 L J
A B

Fig. 4. The results of microsatellite marker analysis(MYO-Il) on the individuals of the FHCM family KU 101.
The alleles designated as 1, 2, and 3 have the respective sizes of 126bp, 122bp, and 118bp. The
patients were marked with a star(%). The question mark(?) is the person(l-9) with no sign of
the disease and the mark x indicates the person married to II-9. The left three lanes show the targeted
two allelic bands specifically amplified in three heterozygous individuals(l-1, 1-2, 1I-3). Comparison of
the PCR ampilification under the different reaction conditions can be made between the left three
lanes and the first right three lanes for the same three individuals, showing the untargeted artifact
bands two-base pair shorter than the traget bands in the right lanes.
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Fig. 5. The results of SSCP(single strand conformation polymorphism) analysis on the PCR-amplified sequences
containing exon 13 and exon 23 of B-MHC gene.
a) exon 13 : the PCR-amplified sequences of normal individuals were separated into four bands in

the condition used in this study

b) exon 23 : the PCR-amplified sequences of normal individuals were separated into three bands in

the condition used in this study
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ZZY 9HE Pru IAFEAZ TS P % exon
23] $1X|3k 908otm] =t EH M o] (908kuVal) <)
ZAQAel YeEhE 161bp A9 RE7HHQ @HE

yelgA) o3 ZAAAelAM el 243bpst 140
bp 2718 GHRE Bl 9080}v]ite]
ok flv Aoz FAHAU(Fig. 6). p-MHCHA
219] exon 235 E EFdle FETUHY SSCPEA
< AAAE do= FAENAA band2] mobility
shift7b dojudA] giokrt o F ol (Fig. 5b), exon 23%
Aol BEAWH] 7hEde wAH AT

k

ot

MERATEE FHAANNE JAlA vz
=27 @il BAEE AEHAFFI. T}
FHAN FhEE wANEY 4, FAWE 2
DNATZI Aol BafAe G5 /128 @
F7h ol Fol AR obA, fAR|Fe
R R RET T PIERE

AR skt

E A7 gidzile A¥AQL v EFo
7tEFo AR veiga AdE dUyA odx 7
A AA AyelA T8 FHHE Ao 47457
ol FENA $Her FAste
2).

2 JLEY N TN ZHAES e R B
MHCH A 2k9}e] FAl e el A o 7HAl KUl01
gto] FAE-E Y 7heAdE EATH(Fig. 3, Fig. 4).
=9l Fekol o] of 2 MYO-TTth # 12H9] Bl % (fre-
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fragments

undigested
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140bp 1 243bp
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Pwll
161bp l 243bp
I i Mutant
404bp

Fig. 6. The result of RFLP(restriction fragment polymorphism )analysis on the PCR-amplified fragment containing

exon 23 of B-MHC gene.

Pwu Il cleaves the PCR-amplified sequences of normal individuals into three fragments, two of which
have the sizes of 140 bp and 243 bp. visible in the polyacrylamide gel. An additional 161 bp fragment
becomes visible with a chromosome with 908t~"Val mytation, because Pvu Il has only one cleavage
site, producing the 161 bp and 243 bp fragments.

quency) 5 o] o] Fo] AR AT WA g chof A
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WA E ST

7HAl KU10191 A MYO-1& 2t} & o] 3 4 §H4) ¢l
proband 9] b X (I-1) 8} oAU (11-2) oA FEO &
vehte dElzrt AYE 25N Yeive &
22 BATH(Fig. 3). Wt MYO-1E o] 7HA o)A
HZZAZFY &9 AAAE 7EE 5 e &
4% A9 FAE 8A E3te ¥ 2 A (uninfor-
mative) F+HEA G}

E AT BAE M H4% B-MHCHAR
9] ¥ missense mutation(403A€ 6z} gogleu=Valy o
olY 3l exon 137 exon 2391419 T E oo HE
W o] (point mutation) 8] 7HsAE A9 wjA Hc},
o8 o]RIzt & g=gl ZHA A B-MHCHH A}
9] 403A®~Cno] M| EAAZZ7 SAF FAEYE
Hole AHd e O ZAygo|thd). waks A7tA)
Bug o 26%32 missense mutationEF o] E&
e FE TAMolE A3 Holop & AHojr}
26+ 8 Foll 403A%~Clng} goglev=Valzl gl Eiw o]}
AFEALLGHE Y HEHEsE FHsts Aol 87
A7k o2z A 6714 32 PCRE FHAIZ
GHS AFEAZ HISH A IGHEGF (RFLP) 9
ol 2 EdHo] 578 &84 AT & it 2
o]9je] F¥ L HEdHo|dRE HAde 47
HhE (o], SSCP) 22 AH B 4= 91 Aojt}. 1dy
T F2 AN AAN EAHE missense mu-
aation®] F3#H W=7t FrASqAA Yelte &
A3 AFE) tE $5 JOom 2 #x) missense
mutation®] YEIUYZR] @& T2 exonEE WO

sHe Sus WA dAE Qe

2

Me B A7 A AE3 F microsatellite 4 5 A 9}
7 2 +3<9 DNAT}E (DNA polymorphism) ol
712 € B-MHCH AU FHAFAER o] & T2
Mgstojof AFEN o] E&4HE 71 5 JA Sei-
dman1Eo] %2 B-MHCHA A} missense muta-
tong %3t EFo] BAg RFLPE'D D EpsteinF
o] AFE-AMof o] &% exon 3% intron 6] SSCP(si-
ngle strand conformation polymorphism)?95& o]
43t FARAZA Y 7 §5< A SN A
o] BRAHE g Holof & Aot} £ Auo
e EAA ANFH FE2dE olgdT FAXAEY

AdFdsdy FAER ofF 788 7I2E AT
o2t o] BE fHEAY a7 o] &S YHA
= Aol M 2 FHEAY NEFAHT A
o] Fo] ol & o}, ¥ A7 FARYEH
AHEE 5 microsatellitefr A E A 9] 9] di Azt
ol ortx] #3338 E4(parameter) EX 13
1 2l (Caucasian) J doll MTF 4 £ 7] w Fof)3738),
FUF 22 FxUFGAME 2% FX 50| AA

g FE Ut

B AT uad 727 AL 7H & 43t e
Z 7HE grste ol AT FAH FE(d,
LOD scoreAl2t) #F23E2, JHAZAE 7Hed
M7 A o stedobgtet. ey 714 KU1019] A $E
proband®] of#xe] A7} ojglolu} Qe HH
AFol] FojA A1 MR dgto] 1 AEoA o
ol 4] 74A g7} ot}

7HEQ HFAAAZTE AR g8 479 §4%
o]t A YAHow & o] glo] A BY
ol FHYl Yehte FHH o ¥ A (genetic
heterogeneity) & H.o]7] wjFo] Wute Z2A ¢
o] =& ol FFAAE 87 WA 71 (patho-
genesis) o] g Hol &8 dYFAAY FH9

o
2
1)
o
o
&
L,
rir
N
XN
=
fo
A
2
o
L
2
o~
2

B AGE £ QA Hn, 2717093 FxbolAl
A AFE ¥ F 3, Verapamils ] ZFAY

Wel Bl g AR AL
7hsAde] Q171 W&ot}

& PCR(polymerase chain reac-
tion) & o] &3he WHEC AMREY] HEed AE
DNAS] Fo] 1~23]9] H&e] °JF DNAFEZERE
FEeATh 2 Z712He] qertA] EAG AT
NS AAol AN A8 WE + A /A
A9 A £4& nHdAY HPo] AAHE
o] @ EFALY A$E s ALHez
TH3e AAE €3 a7t Ao A
83 WL Epstein-Barr virusE FZ A S
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(lymphoblastic transformation) Al# A 73} A X4
ol #8&

(immortalized cell line) & Y3l
Ao 7 BT,

0]
<}

-l =

7hEAQ N34S EE 2 7Y gEEe] 44
A ¢4 FHAFYE Role FHZ o). RFLP
(restriction fragment length polymorphism)f-% % 2]
£ o]&3% A A5 (genome)TES ATEM(lin-
kage analysis) & F3A 7tEA ¥WF4NIFo o
AR 14 FAEe ddo] ULl WA
FEATEA A 2 999 beta myosin heavy
chain(B-MHC) fr A #te] ©d G711 & & o] (mi-
ssense mutation) 7} 7} 81 8 f A o] Fd Aoz
e Ak A4 1499 ’3’9} fleh ddo] Us
THAE ol9dlx G444 1, 11, 15, 16, 18] 5F
oo d#d A E—LQ"U] oo 7hEA
H|Z A A & #AA# oldA(locus heteroge-
neity) o] gl F A AH EF 9 2 At o|th. v] 5o A
Fote g S A 7HA ol A B-MHC A 1 7h2] 4084~ ¢

9]
A Y
mutation®] ¥3 3 v} Q]

Al L&
T8
A
pu

G

a2t BEE o] WA AP v
FRAES g FAY ¥WEE kR @ 7hEA
B ENAIZAE o2 7HA 2ALS AR ¢
A2SHEE 53 J4H 24 S Ao, p-
MHCH Az ete] Aol el 818 93 B-MHCH

Azl F microsatellitef A & X (MYO-19+ MYO-IT)
o FAAYE APt /HF WS B-MHCH
AALe] F missense mutation(4034%Cng}  goglen
ovd)o] ojRE #ld7] 913 PCR-RFLPS} PCR-
SSCP(single strand conformation polymorphism)&
AABH

4 1}

B Ao dide] HAA 7543 vEAEF vt
A fAd FAe AFAA 4ot} 7H KU101-&
F 3l 7% 23WF 49o] AxSu A W
Aol nEAATE AAE Y. Microsatellite A
EAE o] &3 944 1419 B-MHCHAA St §

Al EA A, MYO-12 ©] 7HAldA] Bl ZRA AR

A4tk MYO-TIo| A& B F4 4]
sty di@JAAE THEe
MHCH A o]3d 7hs4
A9 324 FAME YgHoE ‘%01 Sa= e A
ETEL 4718 dEdAE BAs oA F&
A77 gastth o] sHAg fARel G At W
HE 5 B-MHCH 28] missense mutation (40347
~Cing} gogleu=Val) o old Ho] R 3L exon 137
exon 239149 & ¢l 9le] HE o] (point muta-
tion)d 7t A% A9 wiAEE 23E B

FAHAFAE o] 8T FARALHAA & F=
7bEQ HIFRASFY THAAA FAA 149 2
2] 3l beta myosin heavy chainf- 2 2}9} o] A5 o]
AE 7H5EE Hole ARE E4rh
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