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LR LER R RO LV b AP LT LEMBARET 2 BRI CEMB O BEOHIC, ik 12FELERLEV]
A6 V2/V3 B G % ST LR % 80 5 —BEATETET 5 T & £ 19924712 Brugada 5 2%HE L7z, BEAREROZWIZS
A b TARKOLERRE b 2IEH b &0 T BrugadafEBE L IFEN, REBCEREEZETL 05, RIOS
FREZMEATCLY, 1998 EUB—HBOERTLHNaF v A VD o 722y b &= F¥ 5 SCNSARET ORHW 4R
ExNTVEY, FOMBETFERBMICL > CEERAEIRE S 2 &b FREND. STHFHRLILENLY I35 5 Brugada
FEEBRREZOFER A N OB E BT 5 L £ b2, BrugadafEEREEE 2 RITH L\ SCNSARIR T RRORE & AT
v, ZOBREERIT OV TR L2, BRI BN S 72 40410 Brugada SERIEBHF IZB VT, (LEMDIS 5 v id g it
VeI 1% HAL, = & (SRR LTMIEAT25% & BaIC B0 iz, BICHAHEIR, KA, & 5\ id it LRl
BB EAIL1TF @2 TH -7, RERHS TR, UIGPE13HR (92%) DA AR REL T, E72, T
IRESEEHOSTIE 1BERH10HE (77%) THAEOLCER &L TER LT, KIS, WHRE AR LR L V) 43 7
B FDNAR BV TSCNSAREF DL, V> 1405 8D FNEFRITHIE LT T 4 v — &%l L, PCRIZL Y DNAWK %
HEWE K, PCR—ZASMR{KSM (PCR-single strand conformational polymorphism) ¥ & UHHHIILALS kg (direct
sequence) % iV CRHET LR 4 M L7, Brugada EHBREA0ERIC BT MADKR, 4L TIMEDE W LV SCN5A
BETEREAEERELL. /Yy T0FEHOT I /BArge - F¥52 FYCGCA His®a— N353 F¥CAC
AETAET AR | Arg282His i, 36 TRMZERIEL 2 REA L, 50T ULEMENIC X 2 KA RERL 2 VEFIC B
CTRVWH RN ZOBREIL, SCNSADEE BB THE S50 5 1 4 VBINEEARET2RTHOT I/ BERTH), E
BHBEEIIEIADLNEVERTH - 1. BBRBEEPLERENIIEHNTH ), T EENRERRE RS L) STIRR
m%ﬁﬁﬁ%ﬂt:t#%,Am%ﬁm%ﬁTébﬁfo&ﬁwuﬁ@%ﬁ%mwﬁﬁ%%H$Twlkﬁ%%ént.1
2V 120568BENT I/ BHis 2 I~ FT43 P GIGHArg % I — F$23 Ny GAGNEE(LT A% 4% | Hisb68Arg,
IV 18D1000FHE NP0k d— KT53 FYCOGALeux I— F¥53 Fr CIGNEZELT A% | Prol090Lley, *
U v2001193FHOT I/ BArg I~ ¥+ 53 F Y CCGAGInET— F¥53 FYCAGNERTHER !
Argl193GIn 12 F T F A 4 ¥ 2 SAMBA L — 7 ENZER T, His568Arg % BrugadafERHIED 65 % (15%), Prol090Leu (5%)
% 2% %, Argll93GIln % 5 K% (12%) 2P 7=, EEREHFIL FNENIB, 2%, 6% RO LNBBETFUTH .
Brugada fEEEEBE CHIEUAERO A% & FREECENDIVF SR L TBY, A5 OREIROGEEIZ IS A HAEED 2
EL7S505STERAMEGRLTYA LD LIEESNT:. $7, SCNSAZRIZ L B Brugada EMERED MHRFBULRMETRE
DEETARLIC L o TR DI EDEL N, IGICEERSEEO R 7 RN BRI & % Brugada fE (R BE 1M 2 FEA1H
BEFNETHE I EARBE SN

Key words Brugada syndrome, SCN5A, sudden death, gene mutation, arrhythmogenesis

S LEMENE, AERZEI L) AL 2 EMNIME
BERDLVIZO DL T, LEME L X7/ LRARILES
RETHE. BekTE, BAMEIERRENDL %IZHL), &
HEOHEEIE) DORRITIEI~8%IZDIZH LEZ LA TY
B, FREEZICEL, OBEUTOLMEERNDI0~17%% 5
DHENHY,

TH134E9 A 28 H M, FE134E128 6 AEH

199248 Brugada & 21, ¥RMLEMBOBREOHITLERE
AR R TN STLA 250 2 R —IHET
BT ERRELYE. FORBROENFSHERESh, REL
LR EOIKEORBEEAEL, S,  OEHI L LERFTR
DE LN BT —EERD0.05%TH b Z LWL, EN
729, SRR TS B A Brugada BLOER ¥ B LERFEORIEE

Abbreviations ;| PCR-SSCP, PCR-single strand conformational polymorphism; TBE, Tris-boric acid-EDTA
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EETHH, BZh 2 CEKIBrugada B ER S RE SN
FI99 LEUARER S SMOREAR T L IR RS 2 4%
5. LB FHETIC Brugada BLLER AR R S f9 % &
Lbew, ZTo—EoREEIXHAE Brugada SEMEHE (Brugada
syndrome) &MEENT, 12O L7-EERE LTRNsh
ABXIItkor:.

Alings 5D L Ya— |2k 5 &, 1634EH @ Brugada fEERED
BEDH B, 15040 (92%) 2»"BUTH2. £/, SR LDs
5 (58%) ATV TLOMETH Y, BrugadafEERIZAERE
EAETVTHIBIEBWTHWEERERTZ LML Ty
5. LDEHREDY — 7 IZA0MATHRT, LW EEE LW,
LB FEEDIZ L A EPTHREDL LCRIRERIEZ T
H P FEROFE G HAMREDOREIEHRL TS D
OLEHFENENTVEO,

Brugada fEEHEOH R IT 1998 E ECARPETH o 7225, #
20 % IZBRFEORIFE B, WHOEEELEE RIH A
VNI LS N TP, 1998 4F 12 Brugada JEREIEN IR F
ZBWT, LiNaF Y2V D e 7Tazy b2 o— VT 5l
{Z:F SCNSA OB FAMRE S, AREBIEERM: QT IR ER
IR CHLWF v R VIRET-HTH W EEASR &/, &
O L 9 BT RERE MR - T SCNSA AR T4 S 0 147
DA, BIEE TIISHED 3 2t A% & 1O A -
K5 (insertion-deletion) ZEHARE &N TV BT,

Brugada fEfEEEEEE M B ICH VRBRERT L, O
BHTOSTEA BN, HEEHZRTIE, &OIZEAH
R Class I HIARREILERECICHEES 2D L
2 &b, BrugadafEMEREOREICH A OGRS LT
WBFEEATRIEEND DS, WERELMIE ST RV,

L7z C, REUEIIkER 12 817 % Brugada fEREE A
IZDWT b FORRNERO A% 5T, RETHITEITo CH
EFREFERFE (FHRE) LOMELRET L, FhELOR
fEFENISHE R EREZH O PICT 2 0ENDH A, FZTHK
TFZECix, ERARENIC Brugada BB & BT S - B xR L
LT, BRHIEMERITA L L DI, SCNOABETFERD
HELRF L, BETERICE) BREGCOVWTHRET L.

WHRE L UFHE

[. #¥&

19984E 9 B 725 20004E 12 A & COMIZ SR KEEEE
P B L U 2O BRI ER, FAEAR L Ty bR
@ Brugada fEFEIE R FEu=5 406 % 545 & L7z, BrugadafEfi
FODW L., FHHL2HBELENOV 2HENST AR
ST, V2HED]HE- 5403 U HHROSTEARE®ST40L L
T, V125 V2F 3 V3FHETOImVU EOST LA 2D 5
Lo, V2FBETIEI540 3 HOET0.2mVEL EAOST LR
ERBROLLO, V2HETIEOSTERAEN S H403)F
DEOSTERE LI KREVDD, T/2Ed 2HOMWMRBEICL

B Brugada LEMERED LD D& L11E,

L. A&

1. BRERO9HEBE K UREEIR £ X > b OfRAF

KHOFEEB I UBECHLTE, BE2 o 0B EM)RE
GOUVCBRSFCIVRELL., FABBR0BE 2FELE
B, &1y — LB, BLUSHEORERERRE CEHLIR

DILEL, ZOHRRICOWTRIT L. RERA XY MEET
DbnLEFEL, TOMEE - FEICOWTHAEL L.

1) GEMBID 5 VTR L 2 BRTEOE

2) PIARENRSE I & 2 BB BT 5 L5 1) DA OREIR

52 1) DOREIROF AR L BAEBEROLEREINE
Bz oW THHEE, BERL2FELER, FAvy - 0B -2 S
BE L, RERFEEZOOERIIHAEREZER LTV
WD O % BV THEAT L.

2. LfENaF ¥ 2 IVBIETFHRAT

1) &2 T DNAHH

% E ORREHAR M 10ml %2 EDTA-2Na 2 HiEEE# & L TR
MLATITHE, —20CICTHRELL, ZORMM%EZRIC
TR Triton X-100 AR 1C TR FDNA L HBEL 7-.
T bbb [320mM ¥ =3 $#E, 1% Triton X-100, 5mM
MgCly, 10mM Tris-HCl (pH 7.6) ] (2 CHRIMBkZ HM 3¢, &
LSSk E LTHMEkREED 2, Che o777 —¥
(Sigma, St. Louis, USA) (2 TH{btk, 7=/ — -2 0ufR L
@A:1) T1E, FEUTIZRARVL- AV T INTLI—)
@4 : )T 2@MB L, BEFICZS /- ViL#iZL ) DNA
EOMEL. 29 LTS/ DNA % Tris-EDTA R K
(10mM Tris-HC], 1mM EDTA2Na, pH 8.0) {Z#% % | 260nm
B BRRERIED & DR E RS .

2. PCR

Wang 52 O BEIL, V- Ny I70OF—5R—- R
B SN T SCNSARETFES M6, T2V rihbIyy
V28I DVT20bp BN TSI 4 v —Ft 2 M EMERL LA, =Y
¥12, 17, 283 2@ LD T A< — 2k » TRIEHARY %
H8=L7z (F&1). TmfEOMIFIZIE MacMelt (tm)V 7 b7 =
7 (Bio-Rad Laboratories, Richmond, USA) ##R L7z. A7 F
A ABUOERRBOLDETIAv—d sy VICBETS
{Arbarelhl{dbbpEtrdns L.

75 4 %—1%, DNAGH# €7 ) ABI381A (Applied
Biosystems, Inc., Foster, USA) Z vy, NX—¥& 7/ TF LK
AFTIFAL FED CTEBELL, TYEZTKIZERL,
55 C T—WaliiE L 7-1% — 20 CI2 % H), BT Tl LT,
&Y A tml 28 L, % 5 4 NAP-5 (Pharmacia-LKB,
Uppsala, Sweden) 12 L CHBL L7z, ZOH%2000FAmRL,
260nm COMWIERE & O iRERHIE L T10 pMIZ 45 &5 IZEE
AL 7.

DNAKTF DIBIRIZ 12 Saiki 5% 12 & 5 PCREZ A7z, B5
FDNA1.g#8BIDNAL LTy MOTTA -1y b
LARBEE200 uM D EFF £ X 7 L FF F(AATP, dCTP,
dGTP, TTP) & 25 ¥ Taq# ) # 5 — ¥ (Perkin-Elmer-
CetusAA, Norwalk, USA) %, 0.01% ¥ 5 F > & &L B0 [#
P 10mM TrisHC1 (pH 8.3), 50mM KCl, 1.5mM MgCl,] 0
X, HREESKEFS0 R b Ly imi CHBLL. &
L LTRISHEZED, 50103 %7 A4V (Sigma) T
LTHEREZBE, 4T 19, ThEFhOT 74 < —DTm (72
ELzsv 1, 25, 28123 TmERFRENS R AP 72) T1
&, T I19EERCEFENFLOE Y MEIZHE LIRESY
Db L, 30947 VORIGEITo 2.

WiEL - DNAKH 3, L%OBEOT AU —A7Xr VIZHHE
7 — A —& LT ®-X174/Hae WEALH GRS, W) £3iTik
LT REMERL:.
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3. PCR—Z45#ER k% (PCR-single strand conformational
polymorphism, PCR-SSCP) i

IKBY B #BE L & L T Tris-HCl 54g, &7 EE27.5g,

Table 1. Oligonucleotide primers flanking the exons

0.5M

of the

SCNS5A gene for PCR amplification

EDTA 20ml \[ZZEB K% MZ 3LIC L7 DR REEHD 5 X Tris-
7 B-EDTA (Tris-boric acid-EDTA, TBE) #kBIFE /S L Lik
BRI 1 X OBEICHR L.

Oligonucleotide

Oligonucleotide

Exon name Sequence Exon name Sequence

1 SN1-5 5'-GCCGCTGAGCCTGCGCCCAGT-3' 21 SN21-5  5-TCCAGGCTTCATGTCCACCTGTCT-3'
SN1-3 5-GGAAAGTTGGGCGGCGGCAG-3' SN21-3  5-TCTCCCGCACCGGCAATGGT-3'

2 SN2-5 5-GGTCTGCCCACCCTGCTCTCT-3' 22 SN22-5  5-AGTGGGGAGCTGTTCCCATCCT-3'
SN2-3 5-CCTCTTCCCCCTCTGCTCCATT-3' SN22-3  5-GGACCGCCTCCCACTCC-3'

3 SN3-5 5'-AGTCCAAGGGCTCTGAGCCAA-3' 23 SN23-5  5-TTGAAAAGGAAATGTGCTCTGGG-3'
SN3-3 5'-GGTACTCAGCAGGTATTAACTGCAA-3' SN23-3  5-AACATCATGGGTGATGGCCAT-3'

4 SN4-5 5-GGTAGCACTGTCCTGGCAGTGAT-3' 24  SN24-5  5-CTCAAGCGAGGTACAGAATTAAATGA-3'
SN4-3 5-CCTGGACTCAAGTCCCCCTTC-3' SN24-3  5-GGGCTTTCAGATGCAGACACTGAT-3'

5 SN5-5 5-TCACTCCACGTAAGGAACCTG-3' 25 SN25-5  5-GCCTGTCTGATCTCCCTGTGTGA-3
SN5-3 5-ATGTGGACTGCAGGGAGGAAGC-3' SN25-3  5-CCTGTCTGGTCTCCCTGTGTCA-3'

6 SN6-5 5-CCTTTCCTCCTCTCACTGTCTGT-3' 26 SN26-5  5-CCATGCTGGGGCCTCTGAGAAC-3'
SN6-3 3-GGTATTCTGGTGACAGGCACATTC-3' SN26-3  5-GGCTCTGATGGCTGGCCATGTG-3'

7 SN7-5 5-CCACCTCTGGTTGCCTACACTG-3' 27  SN27-5  5-CCCAGCGAGCACTTTCCATTTG-3'
SN7-3 5-GTCTGCGGTCTCACAAAGTCTTC-3' SN27-3  3-GCTTCTCCGTCCAGCTGACTTGTA-3'

8 SN8-5 5-CGAGTGCCCCTCACCAGCATG-3' 28  SN28-1-5 5-TGCACAGTGATGCTGGCTGGAA-3'
SN8-3 3-GGAGACTCCCCTGGCAGGACAA-3' SN28-1-3 5-GAAGAGGCACAGCATGCTGTTGG-3'

9 SN9-5 5-GGGAGACAAGTCCAGCCCAGCAA-3' SN28-2-5 5-AAGTGGGAGGCTGGCATCGAC-3'
SN9-3 5-AGCCCACACTTGCTGTCCCTTG-3' SN28-2-3 5-GTGCTCTCCTCCGTGGCCACGC-3'

10 SN10-5 5-ACTTGGAAATGCCCTCACCCAGA-3' SN28-3-5 5-GAGCCCAGCCGTGGGCATCCT-3'
SN10-3  5-CACCTATAGGCACCATCAGTCAG-3' SN28-3-3 5-GTCCCCACTCACCATGGGCAG-3'

11 SN11-5  5-AAACGTCCGTTCCTCCACTCT-3' SN28-4-5 5-CCAACCAGATAAGCCTCATCAACA-3
SN11-3  5-AACCCACAGCTGGGATTACCATT-3' SN28-4-3 5-CCGCCTGCTGACGGAAGAGGA-3'

12 SNI2-1-5 5-GCCAGTGGCTCAAAAGACAGGCT-3' SN28-5-5 5-TGCTGCAACGCTCTTTGAAGCAT-3'
SN12-1-:3  5-CCTGGGCACTGGTCCGGCGCA-3' SN28-5-3 5-AAAGGCTGCTTTTCAGTGTGTCCT-3'
SN12-2-5 5-CACCACACATCACTGCTGGTGC-3' SN28-6-5 5-GGACCGTGAGTCCATCGTGTGA-3'
SN12-2-3 5-GGAACTGCTGATCAGTTTGGGAGA-3' SN28-6-3 5-AGCCCATTCACAACATATACAGTCT-3'

13 SN13-5  5-CCCTTTTCCCCAGCTGACGCAAA-3' SN28-7-5 5-CAACTTCATCCCAGCTGCTGAGG-3'
SN13-3  5-GTCTAAAGCAGGCCAAGACAAATG-3' SN28-7-3 5-CTCCCAGCATCTCAGGTCAAGTG-3'

14 SN14-5  5-CAGGAAGGTATTCCAGTTACATATGA-3' SN28-8-5 5-TTCACTGCCCAGGGGTCGAATG-3'
SN14-3  5-ACCCATGAAGCTGTGCCAGCTGT-3' SN28-8-3 5-CCAGGCCACTCTCCTCTGGAAG-3'

15 SN15-5  5-CTTTCCTATCCCAAACAATACCT-3' SN28-9-5 5-TCACTCTGGCCCCCTATTGTCT-3'
SN15-3  5-CCCCACCATCCCCCATGCAGT-3' SN28-9-3 5-GGTCCTGAGGCCCTGGGAGAT-3'

16 SN16-5  5-GAGCCAGAGACCTTCACAAGGTCCCCT-3' SN28-10-5 5'-GAAGTTCACCAGCCCTGAGCCAT-¥'
SN16-3  3'-CCCTTGCCACTTACCACAAG-3' SN28-10-3 5-TAGGATTGTCAGCAGCTGAAG-3'

17 SN17-1-5 5-GGGACTGGATGGCTTGGCATGGT-3' SN28-11-5 5'-CTAGTCCAATCACCCCCAGGA-3'
SN17-1-3 5'-CGGGGAGTAGGGGGTGGCAATG-3' SN28-11-3 5-ATGGGTTGGGTCTGGGGTTGC-3'
SN17-2-5 5-GCCCAGGGCCAGCTGCCCAGCT-3' SN28-12-5 5-TTTCTTCTTGTCACCCCAGTT-3'
SN17-2-3 5-CTGTATATGTAGGTGCCTTATACATG-3' SN29-12-3 5-GTAAGCCATTTAATTGGTTTGC-3'

18 SN18-5  5-AGGGTCTAAACCCCCAGGGTCA-3' ol leoti :

: . gonucleotide primers complementary to DNA sequences
SN18-3  5-CCCAGCTGGCTTCAGGGACAAA-3 flanking exons of the SCN5A gene were synthesized on ABI 380A
DNA synthesi d used t lify the int ing sequences

19  SNI9-5  5-GAGGCCAAAGGCTGCTACTCAG-3 with P rer anc wsed fo ampiily e ienveniig s
SN19-3  5-CCTGTCCCCTCTGGGTGGAACT-3'

20 SN20-5  5-ACAGGCCCTGAGGTGGGCCTGA-3'

SN20-3  5-TGACCTGACTTTCCAGCTGGAGA-3'




Brugada EERERDORKRE - 5 FRIZEMHIE 351

0.5mM EDTA 2 ul, 5N NaOH 10 p1, BEEHEHEKSS 11
FRAELTTVA VB EIED, PCREM S pICT VA )E
W2 pl12MATL2TCT34, 95C 25 MmeEk#%, 0CIZBRLT
—ARGEIEME SR, FDOH AT, 10~20%EEARKY T
ZYNTIFFNV (T b=, W) 2 HAVWTTBERHERF T
4 CH L 40V, 4B TKEIL 72

Hetn|Zi1d BIO-RAD $R 4«5 % v b (Bio-Rad Laboratories,
Richmond, USA) % Fivy, 70 bk a— LIl THREEET-
fr. Fhbb10%IY /—, 5%E:RIR A 200ml 2 T 155
M5V OBEEF TV, BEH 100mlLs T 5 S EER L S, &
BARTISHMICAE SEMREI 25T TE, {08 %
B &, SemiBElEE e C00RIRE &€/, £0H30FLL
PLHZ#EEL, BEREMATNAY FOHBREHELL. 5588
BELL ENY FAIEL T o 22l TR AT 1AM v 2%,
5% BB 100ml 2 MA CRID R IR &7, 30% =%/ — ),
5 % BB IR A 200m] 2 R7EHE L L, 3049 LREFRMIZS v
BB LR, FAEELO—AT7 4 LVARIZARTIRIEL .

1 RYIC B EE 7 DNARAT E X V=7 % EDFFHE
KIEECEET S, ZONTHEES LIEEERICE - ThKRE
BBERT, BRI E (BT B, ZoME0E-I,
FYTLINT I ROVEEKKBTREBEDE N LTRINT
5%, IhEFBL, EHEDNAL & LICERRDTHI &I
Lo TRBBENY FERDILDOEERDNAL LTI L7

4. BEfLEEERIER S E I (direct sequencing)

PCRTHIE L7 DNAMIH % 1 W DWH DT HIT— A4 Wi
$Ev—7— & LT OX174/Hae MY GLRERS, ) &3
IZHKEIL, BFIAEERERLALT, HBE T2 DNAKTH O
Y FRELRGEYOIHLAL. = fr7aaTvw fruaa
>-50 (Amicon) % #l44h+T 2 O DNAWH % 10,000 rpm T
1053 B0 L7z, A2 Ll 2 MA CHEERLL, B
T2 LABIIES LT IAT—BIUX 7 LFF FEREL,
BEIDNAE L7, ZRIZYA - -3 =% —-FAI LT
—Z L A - %y b (Perkin-Elmer Corporation, Norwalk,
USA) 3 WVWTH A - =3I 72— ¥ B TRIEEB I h 272,

B B (LB LR S & LT ABI PRISM ™310 Genetic -

Analyzer (Perkin-Elmer Corporation) # F\ 7z, Zilid®+ ¢35
) —EIOEEEFIRITER T, Aol T—Fid -V
N 2 v ¥ 2 — % — Power Macintosh G3 (Apple, Cupertino, USA)
EEABOBEETFA 7 \CBIEF— 4 & LTRIFS I, RE#
TR LRSI ABMICITY, BIEXET - B LT
WO 7 LTHI L.

KL, BTOBENLL 7+ 4 FarEy FE/RTHT
o7z, FAREE, [SRAEEEHEEOHEZERES] €
AN, RBEZT T2 WIRFTEAR  FRISFELA
27 H, #FHEE : 164 & 165, i}E% | BrugadafEfERIc BT
% SCNoAB{EF D).

Table2. Characteristics of patients with Brugada syndrome

54 #

I. ERERAVEEM

1. Brugada fEBEF O FRIRAVIFEL

BEWEERIIRT. BH37H, THIFT, FEid24
b 88FE (50 £ 1248, FHLIEHEEE)Tho/. HRSFRIC
IR OERNL 196, EHIBERROEFIL105T, BB T
B Brugada LEEZ RVl s b 02 11 ThH o7z, Lk
[ &2 T F— A8 coved B L IEIEN A ST A4 32401252
BHoh, BEEEOssaddleback BiZ8HITH -7z (K1), A%
IREEIZ 66 (15%) ofe5- BTz, 3 PEENORRIZEKRIE
#RDHHLDIL 6B (15%) Thotz, LIHBEHRHKREIL394,
6METs U\ L BB & 7 ER L 2861, LMEH 7 — 7 VR
17H T szt TFh RETEDLOLah o 1.
Vaughan-Williams M2 D 1A BdH 5 VI ICH T 2 TR
# (dysopyramide 2mg/ 45 /10 4; flecainide 2mg/kg/1043;
pilsicainide 1mg/4+/104%; & % \» 1&#% [ pilsicainide 100 ~
150mg/R) #5166 5 -8, 154 (93%) CTSTIR#H&EAI& b
MLTESICER LA, LEREEEER-39FOH B, 37
Fl TR EE I STORRAEHIZEML, 260TIEST L
AMWR L.

2. TR BT

BIRHEARENR, RMBLEE 0B 7HIZFED, 461 (10%)
LEMBIATER &N, RHREIEH (%) o bz, X
7o, RIEMROEMEIZ 1260 5% 27k, 1761 (42%) THIEM
AR, SefBElEd D IS RERLEMEIAED b, R

Fig.1. Leads V1 to V3 electrocardiograms in patients with the
characteristic Brugada electrocardiogram. Note "saddle-back
type" (the left side) and "coved type" (the right side). The
calibration is 10mm/mV.

Gender ST form in initial ECG
Exp.No(n) Age (yrs) male/female coved type/saddle-back type

ST during the follow up (n=39)
variable ST/normalized ST antiarrhythmic drugs

Provocation test (n=16)
positive/negative

Medications

40 504 12% 37/3 32/8

3772 6 15/1

*Data is X+SD
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Table 3. Arrhythmic events in patients with Brugada-type electrocardiographic findings

Arrhythmic event at night

ST-segment elevation

Onset age (years)/

Case no. Gender Arrhythmic events SCD AF SCD AF
1 24/M SCD - / NA /
2 3TM SCD + / NA /
3 45M SCD + / - /
4 51M SCD + / + /
5 58M SCD + / + /
6 52/F SCD/AF + + + +
7 53/M SCD/AF + + + +
8 3IM AF / -+ / -
9 45M AF / -+ / +
10 <50/M AF / NA / NA
11 <65/M AF / NA / NA
12 70M AF / + / +
13 2M AF / + / -+
14 /M AF / NA / -
15 T73M AF / NA / NA
16 M AF / + / +
17 88/M AF / NA / NA

M, male; F, female; SCD, ventricular fibrillation or syncope; AF, paroxysmal atrial fibrillation; night, 17.00h~9.00h; +,

positive; —, negative; NA, not available; /, not ditected.

AR, £MREESEORED S REIIMTTREL, JBi(E
HEQLERIFEEL X 4P TR B{EERZICEFISTAEN
WCEALTvi BAEEOERB)L 785 6 fIARE 2 & 7
T THREL, BREEROLERIMER LA 9Bk 6HT
REEHZOST LR IEEHTH o7z, BAKRTR14F 2] 13
g 92%) PEEPLERICREL TV, FRFKREER
HBOSTI, 13HLBI0HEHSR (7% CRERBENZOLER
CHBLTESICERE LT GR3).

I. LB NaF & R RIEFREH

1. PCR-SSCP D%

Brugada fiE BB E 40 H 12304 5 PCRSSCP k- & A HEd
DFER, B2IZRT & HIT0HNaF ¥ )V SCNSARETF = 7
VZTIEBWTLH, =7V 122B0WT6H, =718
BWT26, =7V 2BV TSFHBRENY FERDH S
Nz, 22vr12, =2V 018, =7V 00RENY VI
PCRSSCP LENEFNF LRENY FThotz. BHE/SY BT
BOLGNIT TV ID0TIE, Bl &S ERIERETIREE
WL BEROREERTo .

2. IV TIEERTIOBRE

1) PCRSSCPI:IZ X B B¥ /Ny FOMHE

PCR-SSCPIEICL B LI YV T DAY ) — =V 5T,
Brugada fEEBER M BS-021 12 BV TRE Y FAE & v
(®2).

2) B ERIRERIZ L b BIEFERENORE

R EBS021 DL NaF ¥ ANEEFL VY TI2BT 5
ARSI OEE, 282FH D Arg % 27— F¥ 5 CGC HSHis
#3— FTAHCAC~NEE L LT/ (M3). BRLIZADINY
FEEELRGONY FPIRELTEY, ZRArg282His DT
OEARTHho . ZOERIFEENBEE100LICIEEOLN
LGirolz 7, COERRESETUREORVHLERTHo
7.

3) AEETORKBE ORE

RIS, SO ERERRBEL RO CRECH®R SN,

Exon 7 Exon 12-1

Normal BS-021 Normal BS-002
. Variant
Variant Conformer
Conformer

Exon 18 Exon 20

Normal BS-013 Normal BS-013
Variant
Variant
Conformer Conformer

~

Fig.2. PCRsingle strand conformational polymorphism (PCR-
SSCP) analysis in the exon 7 (proband 21), exon 12 (proband
2), exon 18 (proband 13), and exon 20 (proband 13) of the
human cardiac sodium channel gene. The proband show the
mutational patterns with variant conformer.

SORELIBTIC B fE R Bl - o LT 1 ED 2 <, BELALY
ABFHRIOBICH AN CEMMRBIEEZRO L. HABET
WoEHEE I ERN RO B EE b, T2 —LERERE
ATFRISRT &9 2SR OSERTRE SN, RERKO 12
FEOLERIZKL ERIORT LS 2, LERTT/SORBET
Vi 5 V3HEECST LA 237028, B OHEERICEDD
hB &S BB ERER (, BT -5 EOHERBEEOLE
RELROBD o LEBERRE L, EREEHIRFTE
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DBREF REBDO Lh o7, M5 CABIOLEMFEE 2 RT.
49 B 98/1/10) D LERTIEST LA R TCBETH DA, 5
;ﬁ%‘f&k% LWSTEADRBD LN, #DHSTORIRIELL

o AFERI O STRE)IC B AIEIER) OB 509 { fbh 7

TGCGTGCNCAACT TCH

Cys Val Arg Asn  Phe

*IGC GTG CGC AAC TIC - - -

TGC GTG CAC AACTIC '
Cys Val His Asn  Phe

Normal + + -
Mautant . - -

Fig.3. Automated fluorescent direct sequencing of the exon 7
of the human cardiac sodium channel gene. Each curve
indicates A, adenine; C, cytosine; G, guanine; and T, thymine.
The graph is the result of proband 21. The arrow indicates A
peak of the mutant and G peak of the wild type.

Funttga b

BT RIZF AT 353

6D &I ICEBEMREEREOAT T2, Hia) A
%8+ 57 0K 2 mg 2 BIRME 5%, STIERKX0.8mV
EFCLRALE. —F, pHMER:2ETHEA VY TuFL/—N
0.05 u g/57 % BIRPITR5-# ST LB 3%k L, FEMOST L&
L NZEF ORI B RMRESRIC Lo TEL L. $R%E
DEBREAERE L, LEMEI~DOBIT L B S TERLRM
BieLEL Lizizo, LA F—FVRE? &0 ERIcH
ZAATIBRANEL2E (ICD) ASHARA TN/, M7TIIRT LI,
FAEFNZIEI6 R CTLEMIE L oAV L, BIETHTE2ED
RARELBOIPRABEIIEOL Lo 1.

3. ¥V 12EEET ORE

1) PCRSSCPi#iz £ 28 /v > FOMH

PCR-SSCPEIZ L AT v VY 12D AT ) ==V ¥ T,
Brugada S & # % % # BS-002, BS-012, BS-016, BS-023, BS-
025, BS-026 12 BVTR—/3% — » ORF > PO S
(B2).

2) BRI EE T & A (ETERET|OPE

TN BS-002 0% Na F v )b SCNSAR{EF 3 2 vV » 12
B A EMRAN T ORE, 68FHOHIsz - FT 5
GTGA Arg % 21— N4 25 GAGNLE{L LT (M8), ERL
GOSN FEERGEAD Y FHEKFELTEL, ER
His568Arg D~ F T4 AR TdH - 7z, Brugada RIS # BS-
012, BS-016, BS-023, BS-025, BS-026 & [i]l—NERTH- 7‘;.
Z OBSAE, IEWRIEE 100 I BT AR ORR 9 % ICFEE
btz

4. 71815 RS ORE

n.

Fig.4. Twelveleads elctrocardiograms on admission (top)-and polymorphic ventricular tachycardia (bottom). Note the ST segment

elevation in leads V1 through V3.
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Fig. 6. Changes of ST-segment elevation after the infusion of
atropine (top) and isoproterenole (bottom). ST-segment
elevation of coved type changed to saddle-back type after the
infusion of atropine. On the other hand ST-segment elevation
disappered after the infusion of isoproterenole.

1 —
81 y.0 82y.0
36 y.0 53 y.0 55y.0 51y.0
11X

Fig. 7. The pedigrees of family 21. The arrow in teh pedigree
indicates the proband. The squqre and the circle in the
pedigree indicate male and female, respectively. I,1I,II
indicate generations; s, [ deceased;O, (I not 1nvest1gated LI
mutation (heterozygote) present, clinically affected; [, sudden
death.

AGCCACC'NCACATCA
2 210

s Ser His His Thr  Ser .
AGC CAC CAC ACA TCA -

AGC CAC CGC ACATCA -
Ser His Arg Thr  Ser

Normal + - -
Mutant + + -

Fig.8. Automated fluorescent direct sequencing of the exon 12
of the human cardiac sodium channel gene. Each curve
indicates A, adenine; C, cytosine; G, guanine; and T, thymine.
The graph is the result of proband 2. The arrow indicates A
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1) PCRSSCP#:12 & 5 g8 Y Rl

PCR-SSCPZ L 222V v 18DAY ) — =20 7T,
BrugadafEBEERH # BS013, BS-02212 W TR —DRE />

FARE E iz (12).

2) EEE IR g it & ARG TR RS 0 kE
Sk BS013 DL NaF ¥ AEEF T 7V v 1812 81T 515
TR DR, 100FHDPro% a— F95% 3 FCCG
Aleuz I— F§5CTGNER L LT (M9, ZERLAET
DN FEEFRLRCONYFFEFLTSBY, R
Prol090Leu O~F OEAEKTH o 72, T OERE, EHHE
FHI00Z I BITHRFTOHE2%IZRRD LIz,

5, Tz 2RI OHRE

1) PCRSSCP#:4Z & 5 B /s ol

PCR-SSCPEIZL 20V Y200 A7) —=v T,
BrugadafE& S0 & BS-013, BS-016, BS-022, BS-024, BS-
038IZBWTERE /S MR &z (H2).

I

A\l
GCCCCTCTGG ATTCU
1

|

wikY

Gly Pro Pro Asp Ser

Nomal- - - GCC CCT CCG GAT TCC - - -

Mutant + -+ - GCC CCT CTG GAT TCC
Gly Pro Leu Asp Ser

Fig.9. Automated fluorescent direct sequencing of the exon 18
of the human cardiac sodium channel gene. Each curve
indicates A, adenine; C, cytosine; G, guanine; and T, thymine.
The graph is the result of proband 13. The arrow indicates T
peak of the mutant and C peak of the wild type.

NH2
® H568R

2) BHEERTIRERC L IREFEARNOBRE (X5
21)

¥ BS-013 DLl Na F + 7 )V SCNSAEEFZ 7 v > 20
BT AIEERFIMAT O R, 1193 FB0Ag - FT2 0
FrCGGHGIn% 22— F+523 FYCAGANEE{LL TV
(M10). BRLZADNSY VEEREBGONY FEHELTE
D, ZERArgl193GIn DT TEAETH o7, ZOERS,
IERXT 100 A2 BT 2 M OBR6%IZHED LR,

. $FLWDEINa F v X VBEFERESM S SEEAE

LLk, deBed 5 o7 L7z Brugada SEfERE 40 EGI 2 06f 4 &
L, -0fiNaF v 2 VR{ETEROEEREZTo 458, LI
Bl (2.5%) (CIEH AT E 2RO bk Wi 2 Arg282His % i
FAL7z, TR, KILZFET L) ICOHNaF v RO
HRMTH 2 S50 4 4 VR EhET 2 RT7HOT 3
JBERTH - 72, BrugadafEf: B 12 His568Arg % 15 %,
Prol1090Leu % 5 %, His1193GIn#% 12.5 %4t L7z, S bo%E

M
TGGEGTGGCAGTTGCGCC?
120 130

SITrp Trp Arg Leu  Arg y
Normal + - TGG TGG CGG TTG CGC - -

Mutant - - - TGG TGG CAG TTG CGC - -
Trp Trp Glu  Len Arg

Fig. 10. Automated fluorescent direct sequencing of the exon 20
of the human cardiac sodium channel gene., Each curve
indicates A, adenine; C, cytosine; G, guanine; and T, thymine.
The graph is the result of proband 13. The arrow indicates A
peak of the mutant and G peak of the wild type.

®/R1193Q
P1090L

Fig. 11. SCN5A mutations identified in present study and predicted topology of SCN5A?
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Table 4. Amino acid sequence alignment of the exon 7 and 12 of different v-gated cardiac sodium channels

Voltage-gated cardiac sodium channels

Amino acid sequence alignment

EXON7
Homo SCN5A
Homo SCN5A
Rattus norvegicus
Mus musculus
Human cardiac tetrodotoxin-insensitive voltage-dependent

sodium channel alpha subunit (HH1)

Rat cardiac specific sodium channel alpha-subunit
Home SCN4A
Homo hNE-Na

R282H mutation

EXON 12-1
Homo SCNSA
Homo SCN5SA
Rattus norvegicus
Mus musculus
Human cardiac tetrodotoxin-insensitive voltage-dependent

sodium channe] alpha subunit (HH1)
Rat cardiac specific sodium channel alpha-subunit

H568R mutation

LQLFMGNLRHKCVHNFTALNGTNGSVEADGL
LOLFMGNLRHKCVRNFTALNGTNGSVEADGL
LQLFMGNLRHKCVRNFTELNGTNGSVEADGL
LOLFMGNLRHKCVRNFTELNGTNGSVEADGI

LOLFMGNLRHKCVRNFTALNGTNGSVEADGL
LOLFMGNLRHKCVRNFTELNGTNGSVEADGL

LQLFMGNLRQKCVRWPPPENDTNTTWYSNDT
LQLFMGNLKHKCFRNSLENNETLESIMNTLES

TARESESHRTSLLVPWPLRRTSAQGQPSPGTS
TARESESHHTSLLVPWPLRRTSAQGQPSPGTS
TAGESESHRTSLLVPWPLRHPSAQGQPGPGAS
TAGESESHRTSLLVPWPLRRRSTQGQPGFGTS
TARESESHHTSLLVPWPLRRTSAQGQPSPGTS

TAGESESHRTSLLVPWPLRHPSAQGQPGPGAS

Underline, segment 5 in domain I, Arrow, position corresponding to codon 282 and 568 in SCN5A.
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EROBHEHTIEIO D LLER ESTA LA 52 & AR
T&5,
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Abstract

Brugada syndrome is characterized by a marked ST-segment elevation in the right precordial leads and is associated with a
high risk for sudden death. Some reports have indicated SCN5A gene as the candidate gene causing Brugada syndrome. We
analyzed not only arrhythmic events but also SCN5A gene mutations in 40 patients with Brugada syndrome to evaluate the
genotype-phenotype correlations. Seven patients (17%) experienced ventricular fibrillation or syncope (aborted SCD) and the
other 33 patients had no aborted SCD. Paroxysmal atrial fibrillation was present in 10 of the 40 patients (25%) and events of
aborted SCD and/or paroxysmal atrial fibrillation occurred in 17 patients (42%). Arrhythmic events, that were aborted SCD or
paroxysmal atrial fibrillation, occurred frequently at night and the ST-segment was elevated more prominently when
arrhythmic events occurred. In SCN5A gene analysis of all patients by PCR-SSCP and direct sequence methods, 4 novel
sequence variations leading to amino acid replacement (R282H, H568R, P1090L, and R1193Q) were identified in the patients.
A 51 year-old man with a R282H mutation in the S5-pore lesion had ventricular fibrillation at night and had a elder brother
with sudden death at 32 years of age. This patient had circadian the ST-segment variations, and autonomic nervous drugs
could change the degree and the form of ST-segment elevation. R282H mutation was not detected in any of 100 normal
control subjects. However H568R, P1090L, and R1193Q mutations in linkers of domain I-Il or domain II-II were also
found in the normal control subjects (9%, 2%, 6%, respectively). Brugada syndrome seems to be related not only to aborted
SCD but also to paroxysmal atrial fibrillation, and may be related to pronounced ST-segment elevation. And the SCNSA gene
mutation in the S5-pore region could be the cause of typical Brugada syndrome. ST-segment elevation in patients with this
mutation may be influenced by the autonomic nervous function.



