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0 1 2
KCNQ1 rs757092 GG GA AA
KCNHZ2 rs1805123(K879T) cC CA AA
KCNH2 rs3815459 GG GS AA

QT-Prolongation

From total sample

Score QTc_RASZESD (n=3966), n
0 412.7+13.4 79
1 : 4155+16.9 462
2 416.6%+16.9 ’ 1021
3 418.3+17.8 1132
4 419.3+16.9 641
5 42321194 135

12-8(Hi &)

B. B ERZY SNP @ QT BRI T 2 HMA%ER%RT. KCNQ 1 & KCNH 2 @ 3 D DFESBEEY SNP OB (ZE!
% ¥ fit{t (QT prolongation score) L, &FHMTQTc_RAS #HBT 5L, score D LR L EHIZQTc_RASAERL T3

EHbrL,

QT % 1.9 msec FHiT 57 I /BEEEHRA O SNP
{(rs1805123; K 897T) ¢, 1.5 msec ¥E& 7 5% SNP
(rs 3815459) 2 M E L7z T 32D SNP O
R % St L TEhEho QTc_RAS i # I
T2&, 300 SNPIEMTIX QT REIZE X
LRBII/N IV, ThOEAEDLSHILIC
Lo THMMICEHRAIHEET L W25 (R
12-8B)o 7, LHBEIBMIEIAF Y F ¥ FVE
EFLEICHEINAEMLBENERATHL L
W ZEMTE S,

3) 47 L7 4 NEARMRF

CLEOESEE LQTS ERREFOERRS
BEh ) Tiin<d, SIS LREERCREY
ERIZLAHEL ST, TORERTEEE
L&) e aBIc, BMOOEEELEERE
FOBRT 7U—F IR BOTERREND B,
Arking 51, KORA S4 a:k— b 3,966 % D.0E
&4/ ADNAZBOEFABEREICIL-T
CHESEE BT 2 RIZHER 2 FEE L™,
8 1BRIE, £34%— D55 QT_RAS BRI
BLRVEH 100 & L EVRHE 100 ZITH L,
115,000 D SNP # 7= &¥ /) L5 A 7%
iTv», QT_RAS B & BE#E D3V 10 D SNP %

REL. 7, CHESEBICHS TS 45HEHO
BHBEERFIZOVWTH SNP ¥4 ¥ 7 21T,
BEDHLH 10D SNP #RIE LA TO—KA
7)) —= vV THEMEICE 72 SNPIZDOWT,
BEL2200HTOMR LKA ) —=V T
2iTv, BHREFE SMEICHK D AAh, RRHIC
BROERIZLAZRAI V==V 7T, BHED
BT & LT NOS IAP % [FE L7z (B 12-9)
3512, KORA F3, Framingham Heart Study =
R—bDT ) LERTH, AROFERIBFELN
AT

NOS IAP i3, MEEAMICHRCEIRT S NOS1
(nNOS) D 15£i%& R CAPON OBIEZEFTH 5,
CAPON i3 NOS1 @ CkK¥siZd 5 PZD F A AL ¥
AT AH5EHT, NMDAZER L OREEE
fHTAZENNMOENTVED, LEIZBT 5488
T SICBEHIR TR WA, NOS1EH /M
HICEBHL TV B0 T, CAPON X Ca #RE%
AL TOHOBTBEBRICEEL S X HHMHEN
Hbo Bit, ENVEY FDO.LEEIZ CAPON 27 7
774 NVATin vivo BIZFEATAHE, LEICa
Fx A NVOIF F AL UGB EMERET S
ZEAHBE L, CAPON LB BOBEEF
THbILPRENSY, LaL, NOSIAP#
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158,718 158,768 158,818 158,868 158,918
Genomic position (kb)
OLFML2B NOS1AP :
R SS——— g
d § 8 28 5 &8 88 2 2 ¢ 8
2 g ks 8§ T 5 L2 25 L2 g
31382538233 8§
¢ @ £ @ 2 o £ & @ v @ @ @
" 102 . 344256078846 9210 11,1213
64 @ 64 <7,
@ge"-’m @@& B a8 66
.55 60 @@ 60 47 49
46 46%D) @@@ 60 45 49
‘ D57 a4 a7
51 58%ERBY58 50 47
-7 48 89Y%EBY49 50 56
47 57758 48 49

12-9 4/ L7 4 FERAEBEBRIA TS »ICk » B EEEEETF NOSTAP(X# 28 L W3IH, #%E)

FEICNOSIAPD 22001y ) v (¥ o) SHIERICHEET 2BEF OLFML 2B, 3 X UMM I 7 SNP
(DY) L EDRBWRENTVES, TRIIFNFROSNPORTEIO LD RED)MREH, LBICEAZRD
SNP @ p i BFTRENT WS, NOSIAPD LY v ¥ 1 (& {12 rsd657139 B D 5 & H DRSS @ p lAFEFIC

%<, QTc_RAS & OFHBEAEWI &b b,

ZFAICR QTREEZELT2ERRSEIINE
SNTwiv, 41, HEE HapMap 7RV 22
FOHEEIZL o TESHICHEEED SNP < v 7Ht
ERTIE, LHESBEYRET A ERNVEE
{ZFHE (quantitative trait locus ; QTL) A388 & A2
whEHfFEND,

EbYIiC

BRELQTS DA &b —8ITIE, AL
POFETF/N) =2 3 YREREL LOERND
BZIENHLNI R o TE e T—EBnEBE
R 7% SNP IZSHOERBGRIIOEELS5 25
HEEELND L. SO DRIZTFERR SNP i:8E
FIXEORBERESHEMELE T, BRI QT %
ERIEZVAZ(PYF)ERTEEICIZ
LHT QT EEFEHEILT 5. LIcA>T, HE

’—@ 162
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DERETHE 4 ORANZ QT ERIEHIH 5 »EH

. DRFBEELY, QTEZERIELRIZFER

HOFILREDOL )RR 2 EBESI LM
BTG AARE, BENOEGLERTAHS
ELEBREELREIIELETH S ) SRR,
BEROBEEILEIL-> TING QT ERBETFEE
ERBIZAY ) —= VTS HEMOMIALNLTH
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CREFSW BRI - ATO5 (7 BRI

B RY L AR 30 EOEEIIC L o THERK
Sh, # 25000 DBIZFIFEET S, 2006 F
B, B—BETFORFEIZLE X VT IVEER
13% 1,700 FEEHE I T3, BSLMMAD
) LELRBT AL 01%ITEBEVEHE I EN
bhoTHH, o) -3 a3 YPMEAER
KROBHEE Lo Tn5, WERY|D/NY) 2—
Yarmib, 34 F—FLBEFOREN
1%UTObOE2BEBIEFER] LN,
1% LD 0 [BIEFBIRIEFE, #20
R ET2NBREGHAENLJETFEZEOL
DT, FDEMICH, HIREEFEIZL S DNAH
b3y = il Lo TR OB HIREBER R A
SR (RFLP) <A 7 a4 754 b LT
LRIETFERAL ENY J LI 10 FEUEFE
LTwa, FEEN1EEERDIBRETS
Bl SNP (single nucleotide polymorphism) & I
I, #1,0003E8C 1 EOEE T 300~400
TR AL T/ L TwWbB, SNP i,
BEFOLIICHFELTY 20 (BIREBICH
A07%, FBREBICHLDN, TUE-I %
EOREBBIZHHON), BREBRIIDH S
SRBEAENEEZADEI N (EZADLD !
non-synonymous, X %% ® ! synony-
mous) IZ L o TEDEIREVDVRE S, “h b
DRETFERO—EIZ, bThhHRARIC
ERELLOL, BBEEORREL D, $7-%
NEFBHLTEBRACEL-EHRORGLE X
TONEIMLERDEZTDH 5,

—%, MEFEEO 2B EORIAR L
REEBEFRIE VY, RKAOBEFOTMER
ET AR LOYEN - —ELT
BADDBDOD B, 470} T I T
ha~w—Hh—i, BIZIEE1ADCA) -}
DED LB BLBASRLHEFENT, 7/
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LERIPBIEFETHEDID, #10E

LEFI O DRI NI LBRBIRI-hTwh
DT, #2754 <—%E&ELTPCRTH
BLYAVERKEIT5L, CAOBRIELOK
X PCROEWORS L LTH#IND, o
PLORLAEXDOPCREWICES 2213 C
BT, FRAOHLBREFORETFEEHES
FRTHZENTE D,

KFi & BhHRAEKIEESROBIIBREAR
AERBEBIT. —fKIZ, HIFEORIEFAL
ZRI~v—H— BOYWENEEAE T TR
BECEFORIICHBRPSASTEEIER
bo LIzAtoT, HABEROFKRAT, KA
DBIEFADEBILL-THbENEERHE
BOFR) E—HLTEESRIEMDO~ -
#—BHROPNE, BEFAVEERET
A ThH, BEFLTAIZBOAEIIHFE
THEHRTHIENTE S, HEAMIRIOB
1o0%FH L LTRREZBLURESND
HUBEZEFORTVZNTOLATLEER, &
FERORRIZBWT, Z0LIRER~—H—
DI AY YT e &RBEITH LTI, RHEE
LEPET AT - —DfEbENTO (T
*RAEL, KRERBEFORBELEOIMIE
BET20XEHBIR(KI o aFrs0-Z
vI)THB, M1BIdERN QT EREREH
(LQTS) DK H&1ZF KCNH2(HERG) % &#)
WCEE L EERIT ORI TH B, ZDX)
BREMETESRLLE LAFEEZHVWT, LQTS
ZiILoET5INTHE—-BIETFUHREROR
HBEFHFRL EHLNI R 072,

NTOFA T, SO BE—BIETFRE
Eh ) Tidnl, LEMBEZIILOETHER
LS ETFEETFREOMET 7u—FL L
THLHEWLNTWE, FiziEL=r, 7094
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CA repeat PCREY
SRR S — TGCC(CA)GACG-—- = —» 140bp
—_— TGCC(CA)(CA)(CA)(CA)GACG-- & — 146Dbp
—_— TGCC(CA)(CA)(CA) (CA)(CA)(CA)GACG--- €=— —> 150bp
Primer A Primer B
mﬁfjii
T 1
a3
a
WY 150} e - - «— 2
gms - - - “— 3
< 140 - - — 4
iﬁ?‘i‘l 12 34 13 23 24

Ei1A CAUE-IDSRSC1ELYT

ST ELEFR LS 300 CAESEFFTRENRTVS, CAOBRDELHETEAS 1E, 4E, 6H
Thb, TOHBORINIFE—TH A7, FIIITT7/<v— A BERILTPCRTSL, PCREPORE
132 Zh 140 bp, 146 bp, 150 bp & CABR Y B LEF D527 R 5. PCREWRI 7Y VER KB TREE RS
FHNhA0OT, HIAIF140 bp, 146 bp, 150 bp, 154 bp X TN EN 1,2, 3, 4 L FESF T2 THE, KRENDEA
OEERIE 2 oOMUBEFOCAVE-FOREIIE T, BEHH12,34,13,23, 24 L5945 THIEL

HTE 5B,

7 v 7% (RAS) L EME OB FERD 1
DEHEPMENE A, 250 BOEFA, 250 /D
LEMBEEZEDY ) ADNAZHWT, 7Y
5 vy =4V (AGT) % &7z RAS BIEZF
@ SNP BLEATH T NY B2IIRT L9
2, AGTIZiE, BHERSICT 3V BREHRE O
SNP#22(G6A, G217 A) & SIEENRMAIKIZ
SNPH# 42055, BESTROBRIZBLIND
DSNPOEIIZT v ¥ ACHBIHEBE I AAS E
THiE, NTuy A TORBEIZERNICIE 26
(=64) 12k b, L2 L, TOFEEFHEBEE
L EDF NI > THBINIHRRT 5 (E
48 | linkage disequilibrium ; LD) fH A%
Wiz, RRZBEEONTaSA T Lo
2o T FRONTUIA TORBAFE L IE
wB - CEMBBECRET L, LEMBE
BT AHBHEENEVWLOL () HIZHW
LO(x)WH ol ThEDOIFESS, RAS AU

BRESOKEMER T CHD I EAGEH SN,

DL TMRAE ISR E, &5/
LDSNP 2% 4 ¥ 73, BIREMICIE,
RKBRIZ»P D ERAOBEZHERZMENIC
MELRAETAIENTELLEEZOLNS,
HEHMBZYY ) LALETS V¥ Lo %ic
RIoTWHERETSE, 300 AL/
4@ SNP % 8-+ ABED BH & xR TR
THIEWEYD, 100fDSNP ATk
WO B ENLEENLELLSE, LAL,
AR L7z& 91, HEMEBEZ 3REdETY
—WRIoTWwWBHEDOTIERL, ¥/ 5121,
HMBZAVESHEEICREI 2L B AY MR
Ky b)) EEEAHEOHE IS AD Ty 7)
WEB0EREX LA ENREDHESS
B2 ol LA T, MBI ANTL
AERILRZWLD 70y JRICHELET S
SNP &b (NhTus [ 7) 2 HEILEA
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K2287 nyasq47
I
D7S505
= = ¥ o7s
+p D7S636
7‘(35#77‘(!\ =3 Heres
A > HERG3
D75483
i
23{1‘“3
1 2[is|7
2 1ol 1
2 12l
4 3(1]3
nE BB 0D BB O OH
1 2 3 4 5 6 7 8 9
safijafijaff]33 2333 23233
215l 2i5i 1|5} 27 17 27 17 173
1lof tlol2foj 11 21 11 21 21 2
12 11222l 1121 1121 212
3{1 311/ 4|1/ 33 43 33 43 432

E1B KCNH2(HERG)DRZ o arnoyg—-=—>4

LQTSOBE - EH¥FAL2ENFRE - BT, HEFEILRERENFAHALLIORKETRLTY S,
D 78505 % HERG 5 % &3 88 7T BB HEE T AR/ 7 0% 57 54 r=—H— DL T, 2ORERSKET
RERTWA, 15021 LW —H—DHEDYE (NTUSAL7) 2L 0ENERIZQTEERRLTEY,
ERZO QTEEFEIHEF IR h oD —h — B HEICH 3 LS h 3,

Angiotensinogen (AGT)HSNP
3889 4072
-217 182 20 -6 1 l
— LA\ oo | ——
G/A  G/A A/C G/A \
12800708147 cm o Te
Haplotype*
~ Overall - AF Controls

217 -152 _-20 -6 3889t 4072t (n=500) (n=250) -(n=250) OR Pt
G G A A c C 0.562 0.545 0.586 12 0.108
-> A G A A C C 0.136 0.112 0.154 14 0.047
- A A A A c C 0.011 0.000 0.020 224 0.017
G G C A c c 0.016 0.015 0.012 08 0705
G A C A C C 0.014 0.008 0.020 25 0171
G G A G C c 0.022 0.029 0.013 04  0.080
G G A A T C 0.043 0.041 0.047 1.1 0.744
A G A A T C 0.011 0.005 0.016 33 0231
G G c A T C 0.046 0.058 0.034 0.6 0083

* G G A A C T 0.042 0.069 0.016 0.2 0.0002
G G A G C T 0.060 0.069 0.053 08 0328
G G A G T T 0.011 0.015 0.004 03 0107

Log likelihoods -1432.8 7371 -664.4 6258 0.0002

M2 7o945>57 —52 (AGT) D SNP & Au - OB B ORLEREAT
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SNP SNP SNP

A | l }
sngaik1 AACACGCCA.... TTCGGGGTC.... AGTCGACCG....
staik? AACASGCCA....TTCGAGGTC.... AGTCA ACCG....
i6fk3 AACATGCCA....TTCGGGGBTC.... AGTGA AGCG....
k4 AACA GCCA....TTCG GGTC.... AGTC ACCO....

. T

N7O021471 GTCAAAGTAGGGTTCAGGCA
NTORA T2 TTRATTSEISLAABASTAATA
INTOARA T3 ZCLQLTETSTHOATASTOSGTS
n7ae4 74 o )
v 4 4
c Py T c
”~ ”~ ”~
G c [

®3 SNP, NFO%47, %% SNP

A. SNP: 4 ZOR U AFEBIC BT 5 4 O DNAE PBIREN TV S, ThHOREE T, DNA
EERFIOARSEEA -7, SHOFETHIHEERMMIMRENTVE, £h#ho SNP Tk, 215
O BEFOVTNRIIT R BTEEENH B, B SNP N IRIZF C L THH 5,

B. NTUSAT  EBOEEDSNP B AMNABETOHESHLRICL o THE S T3, ZITH,
6,000 a3 B D DNA IZFETET 2 20 0 SNP oW THB ENAREFHAREA TS, SERELEORN
TENTEY, HA IRENAEIEOSNPIEINTWE, ZORBEFROFEITIE, RERHETENT
AN RBEOKBINVNATOIL T 1 ~4OVThAPIHEEINLZEIHBF LTS,

C. # 7 SNPs : SNP20 DO SNP DI 5, HTH3WNF ¥ SNPIZoWwTBEFHEHETCENIE, Thb
DADDNTOI L4 T —TIHETED, Plii, ThOD3DDF FSNPHAT-CLWVHINT -V DR
ki, NTUIAT1IONRI— =T B, B4OBRATE, HBONTOI AL TE2EUERBEOHNS

WwZkdbhsb,

THREFHZHETNE, CZoOHEBTEHRE
CHEETAINTUSAL TOREILERS Y
SNP b2 %2ETT L (3 http © //www.
natureasia.com/campaign/hapmap/HapMap-J.
pdf BARFERESFHEHOBR) . 20X
2, ¥/ L0 LD HEEERENESNP ¥ 1 €
YTICBT AR, @ENLT-AEL
nhig, ZETREFREORERINER
Fars /) a74 FTHRBCERTHI LN
TR b, COHMDADIZ, 2002 FIZ[E
B HapMap 7u ¥ = 7 MAERL, 77U 7,
TYTEI—0y R ERIFEET S 269HD
DNA % ¥ 7 V& BT 100 T A BT ED—f%
BB SNPD YL 7HfThh, Ny 7=y
7 (HapMap ; N7 T ¥ 4 7HIE OBEFR) AVERK

ENi. ZOFRIT20054, MY/ LT
ETH2HEOBV—HRNLEBHOL’T—F
N—RELTRMNDT— s A amEshi(htp:
// www.habmap.org/ index. htmlja) ¥
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Question LEAICEYEEMIIC Tdp & REL
LULLED-EUTEI0N, THhiZ
BIEF £ T ORMEY

LLEBSPRELESFRICED
BEEREHLZION,., ThEMI3FER
HHEDH

Answer | BRM LQTS REHFEETH Y,

ZTORELER - % - ERLORBOFELE

BE - FPECRRAE - EAEE - EWABEERENE - 6

REX LS TSI LERIBRICEAET>T

RESITOND, Tdp I T A2RBEDEL W

IRELHBSEFHEBICDBEAZSD B

B, Kfin EOERPRERE, LERO QTE

EMirhid, Tdp 2 RBER2>SFRT 5D

%bbf@%f&éobﬁt,&iﬁL&gw
DAL LD —EIEERME LQTS O EIEF%
FY )T ThHY, REEOEEFREIEES
nTwhE, #RE50%DEETTFRIZEZED
BEVHTEPVEDB, LEHESBILEGETR
FEORERPLEDS TSI LEROEEY KA
CZBD, FYUTHLTRET S LD,
Eoiwd, L L BRBRERLETSHY,
QT ERFEH OFEHE LA V) 7 & MIE % B8 X
EE R LOEFERELERETH S, —7, R
ZOBIZFRENTHDEE, FHRIRBET 2
PEPZHRTT A HER, BFITIROERY
LD LT ERRREDATH %,
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Sex Hormone and Gender Difference—Role of Testosterone

on Male Predominance in Brugada Syndrome

WATARU SHIMIZU, M.D., Pi.D.,” KIYOTAKA MATSUO, M.D., PH.D. .}
YOSHIHIRO KOKUBO, M.D., PH.D.,} KAZUHIRO SATOMI, M.D., PH.D.,*
TAKASHI KURITA, M.D., PH.D.,* TAKASHINODA,M.D., PH.D..*
NORITOSHI NAGAYA, M.D., Pu.D.,* KAZUHIRO SUYAMA, M.D., Pu.D.,”
NAOHIKO AIHARA, M.D.,* SHIRO KAMAKURA, M.D., Pu.D.,*
NOZOMU INAMOTO, M.D., Pu.D.,; MASAZUMI AKAHOSHI, M.D., PH.D..§
and HITONOBU TOMOIKE, M.D., PH.D.*

Clinical Studies, Radiation Effects Research Foundation, Nagasaki, Japan

Testosterone in Brugada Syndrome. Introduction: The clinical phenotype is 8 to 10 times more
prevalent in males than in females in patients with Brugada syndrome. Brugada syndrome has been reported
to be thinner than asymptomatic normal controls. We tested the hypothesis that higher testosterone level
associated with lower visceral fat may relate to Brugada phenotype and male predominance.

Methods and Results;: We measured body-mass index (BMI), body fat percentage (BF %), and several
hormonal levels, including testosterone, in 48 Brugada males and compared with those in 96 age-matched
control males. Brugada males had significantly higher testosterone (631 £ 176 vs 537 == 158 ng/dL; P =
0.002), serum sodium, potassium, and chloride levels than those in control males by univariate analysis,
and even after adjusting for age, exercise, stress, smoking, and medication of hypertension, diabetes, and
hyperlipidemia, whereas there were no significant differences in other sex and thyroid hormonal levels.
Brugada males had significantly lower BMI (22.1 & 2.9 vs 24.6 + 2.6 kg/m?; P < 0.001) and BF % (19.6
4 4.9 vs 23.1 & 4.7%; P < 0.001) than control males. Testosterone level was inversely correlated with
BMI and BF% in both groups, even after adjusting for the confounding variables. Conditional logistic
regression models analysis showed significant positive and inverse association between Brugada syndrome
and hypertestosteronemia (OR:3.11, 95%CI:1.22-7.93, P = 0.017) and BMI (OR:0.72, 95% CI:0.61-0.85,
P < 0.001), respectively.

Conclusions: Higher testosterone level associated with lower visceral fat may have a significant role
in the Brugada phenotype and male predominance in Brugada syndrome. (J Cardiovasc Electrophysiol,
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Introduction

Brugada syndrome is characterized by coved-type ST-
segment elevation in the right precordial electrocardiographic
(ECG) leads (V1-V3) and an episode of ventricular fibrilla-
tion (VF) in the absence of structural heart disease.'”> The
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prevalence of the disease is estimated to be up to 5 per 10,000
inhabitants and is one of the important causes of sudden car-
diac death of middle-aged males, particularly in Asian coun-
tries including Japan.*

More than eight dozen distinct mutations in SCN3A, the
gene encoding the o subunit of the sodium channel, have been
so far identified in patients with Brugada syndrome and all
mutations display an autosomal-dominant mode of transmis-
sion.®7 Therefore, males and females are expected to inherit
the defective gene equally. However, more than 80% of pa-
tients in Western countries and more than 90% of patients in
Asian countries affected with Brugada syndrome are males.®
Recent experimental studies have unveiled the cellular mech-
anism of Brugada phenotype. The male predominance in the
Brugada syndrome is suggested to be due, at least in part,
to intrinsic differences in ventricular action potential (AP)
between males and females.’

A male hormone, testosterone is reported to increase net
outward currents'®'2 and is expected to accentuate Bru-
gada phenotype, such as ST-segment elevation and subse-
quent episodes of VF in patients with Brugada syndrome.
Testosterone is also known to decrease visceral fat.'*!* Since
patients with Brugada syndrome have been reported to be
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thinner than asymptomatic normal controls by Matsuo et
al.,'® we speculated that higher testosterone level associated
with lower visceral fat may modulate Brugada phenotype and
may relate to male predominance in patients with Brugada
syndrome.

Methods
Patient Population and Data Collection

The study population consisted of 48 males with Brugada
syndrome who agreed to participate in this study and showed
Type 1 “coved” ST-segment elevation in V1-V3 leads'” rang-
inginage from 30to 69 years withamean age of 503 11 years
(mean £ SD). Brugada males who were less than 30 years old
and more than 70 years old were excluded from this study to
minimize the influence of age on the basal sex hormonal levels
including testosterone. Forty of the forty-eight Brugada males
have been included in our previous clinical studies.'*2 In all
patients, physical examination, chest roentgenogram, labora-
tory values, echocardiography with wall motion analysis, and
Doppler screening excluded structural heart diseases. The
clinical, electrocardiographic, and electrophysiologic char-
acteristics of the 48 Brugada males are shown in Table 1.
Average age of the 48 Brugada males at diagnosis was 47 =+
12 years old. Aborted cardiac arrest or VF was documented
in 21 males (44%), syncope alone in 11 males (23%), and 16
males (33%) were asymptomatic. Family history of sudden
cardiac death (SCD) was observed in eight males (17%). An
SCNSA coding region mutation was identified in seven (17%)
of 42 males in whom genetic screening was conducted. Im-
plantable cardioverter defibrillator (ICD) was implanted in all
32 symptomatic males with documented VF and/or syncope.
ICD was also implanted in nine of 16 asymptomatic males
due to induction of VF during the electrophysiologic study.
Type 1 ST-segment elevation was recorded spontaneously in

TABLE 1

Clinical, Electrocardiographic, and Electrophysiologic Characteristics in
the 48 Brugada Males

Clinical characteristics

Age at diagnosis (years) 47412

Aborted cardiac arrest or VF (%) 21/48 (44%)
Syncope alone (%) 11/48 (23%)
Asymptomatic (%) 16/48 (33%)

Family history of SCD

SCN5A mutation

ICD implantation

Follow-up period (month)

Arrhythmic event (%)
Electrocardiographic characteristics

Spontaneous coved-type ST elevation

8/48 (17%)
7142 (17%)
41/48 (85%)
41 2
9/48 (19%)

43/48 (90%)

CRBBB (%) 3/48 (6%)
RR (msec) 939 + 113
PQ interval (II) (imsec) 186 + 34
QRS duration (V2) (msec) 104 + 18
Corrected QT interval (V5) (imsec) 394 + 27
ST amplitude at J point (V2) (mV) 032+ 0.16
Late potential (%) 27/46 (59%)

Electrophysiologic characteristics
Induction of VF
Mode (Triple/Double/Single) 16/15/1
HV interval (msec) 46 £ 11

CRBBB = complete right bundle branch block: ICD = implantable
cardioverter defibrillator; SCD = sudden cardiac death: VF = ventricular
fibrillation.

32/44 (73%)

43 males (90%) and was induced by sodium channel blockers
in five males (10%). Complete right bundle branch block was
observed in three males (6%). Late potential was recorded by
asignal-average ECG system in 27 (59%) of 46 males. During
the electrophysiologic study, VF requiring direct cardiover-
sion for termination was induced in 32 (73%) of 44 males.
Average HV interval was 46 £ 11 msec.

We first obtained data, such as the hormonal levels, vis-
ceral fat parameters, and ECG parameters in the 48 Bru-
gada males prospectively between January and July in 2003,
mainly at regular outpatient clinics for checking ICD. Only
a Brugada male refused to participate during the recruitment
of the case.

Thereafter, age-matched control males were randomly se-
lected from the municipal population registry in Suita City.
The hormonal and visceral fat data were collected sequen-
tially between August and December in 2003. The municipal
population registry in Suita City included 5,846 control sub-
jects, among whom 1,052 males were age-matched to the
48 Brugada males. The 96 control males with a mean age
of 50 = 11 years were sequentially recruited from the age-
matched 1,052 males. None of the recruited 96 control males
refused to participate in this study. There were no signifi-
cant differences in the clinical characteristics between the
96 control males and the remaining 956 age-matched males.
Therefore, we had no way of knowing the body weight of
the individuals who were selected to serve as controls from
a very large database. Although K. Matsuo is a co-author
of this study, none of the Brugada males and control males
who appeared in the article by Matsuo'® are included in the
present study population.

All protocols were approved by the Ethical Review Com-
mittee in the National Cardiovascular Center. Written in-
formed consent was obtained from all subjects.

Sex and Thyroid Hormonal Levels and Serum Electrolytes

Blood samples for analysis of basal hormone levels and
serum electrolytes were obtained between 8:00 and 9:00
AM after an overnight fast. Plasma sex hormonal levels in-
cluding testosterone, estradiol, DHEA-S, LH, and FSH were
measured using commercially prepared immunoassay kits
(testosterone, LH, and FSH: Chemiluminescent immunoas-
say [Bayer HealthCare, New York, NY, USA]; estradiol:
Electrochemiluminescent immunoassay [Roche Diagnostics
GmbH, Mannheim, Germany]; DHEA-S: Radioimmunoas-
say [Diagnostic Products Corporation, Los Angeles, CA,
USAJ). Thyroid hormonal levels including free T3, T4, and
TSH, and serum electrolyte levels including sodium, potas-
sium, and chloride were also measured.

Body Mass Index and Body Fat Percentage

Body weight (BW) was measured to the nearest 0.1 kg
and height to the nearest cm. Body-mass index (BMI) was
calculated as weight/height® (kg/m®) as a parameter of vis-
ceral fat. We also measured body-fat percentage (BF%) by
using body composition analyzer (Biospace Co., Ltd. Tokyo,
Japan). These visceral fat parameters were measured just af-
ter blood sanipling. In the 32 symptomatic Brugada males
who had had documented VF and/or syncope, the BW and
BMI were also measured within 48 hours after their clinical
events during admission in our hospital or other emergent
hospitals.
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ECG Parameters

In the 48 males with Brugada syndrome, 12-lead ECG
was recorded just before blood sampling, and ECG parame-
ters were assessed by an investigator (WS) blinded to clini-
cal information. The ECG parameters included RR interval,
PQ interval measured in lead 11, QRS interval measured in
lead V2, QT interval, corrected QT (QTc) interval measured
in leads VS5, and ST amplitude at J point measured in lead
V2.

Statistical Analysis

We first conducted univariate analysis by using unpaired
t-test to compare each data between the Brugada males and
the control males. Since several confounding variables, such
as age, exercise (none, sometimes, regularly), stress (none,
sometimes, regularly), current smoking (no, yes), and med-
ication (no, yes) of hypertension, diabetes, and hyperlipi-
demia may affect the hormonal levels including testosterone
level and the visceral fat parameters, analysis of covariance
(ANCOVA) was used to compare least square mean values
between the Brugada males and the control males adjusting
for these confounding variables. Pearson’s correlation coeffi-
cients were calculated between the testosterone level and the
visceral fat parameters. Partial correlation coefficients were
calculated between the testosterone level and the visceral fat
parameters after adjusting for age, exercise, stress, current
smoking, and medication. Moreover, conditional logistic re-
gression models were used to calculate odds ratios and 95%
confidence intervals adjusting for age, BMI, exercise, stress,
current smoking, hypertension, diabetes, and hyperlipidemia.
Hypertestosteronemia was defined as serum testosterone lev-
els >700 ng/dL, which is 75 percentiles of testosterone levels
among case and control combined groups. In the 32 Brugada
males with documented VF and/or syncope, a paired r-test
was used to compare the visceral fat parameters at the clini-

TABLE 2

Sex and Thyroid Hormonal Levels, Serum Electrolytes, and Visceral Fat
Parameters in the 48 Brugada Males and the 96 Age-Matched Control

Males
Brugada Males Control Males
(n =48) (n =96) P Value

Sex hormones

Testosterone (ng/dL) 631 £ 176 537 £+ 158 0.002

Estradiol (pg/mL) 289176 31.1 £ 126 0.263

DHEA-S (ng/mL) 1,901 + 850 1,966 = 861 0.668

LH (miU/mL) 46+26 39420 0.073

FSH (mlU/mL) 6249 50+29 0.066
Thyroid hormones

Free T3 (pg/mL) 33+04 34403 0.360

Free T4 (ng/dL) 1340.1 1.3+02 0.089

TSH (u1U/mL) 19+14 1.7+14 0.619
Serum electrolytes

Sodium (mEg/L) 1437+ 20 1426 +2.0 T 0.003

Potassium (mEg/L) 46£03 43103 <0.001

Chloride (mEqg/L) 105.1 £ 2.1 103.6 £2.1 <0.001
Viceral fat

BMI (kg/m?) 22,1 +£29 246+26 <0.001

BF% (%) 19.6 +49 231147 <0.001

BW (kg) 629 +9.7 70.0 £ 8.6 <0.001

Values are mean £ SD where indicated.
BMI = body-mass index; BF% = body-fat percentage; BW = body
weight.
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cal cardiac events and at the measurement of hormonal and
visceral fat data. A two-sided P value below 0.05 was con-
sidered to indicate significance. All statistical analyses were
performed by using SAS software, Ver 8.2,

Results
Hormonal Levels, Serum Electrolytes, and Visceral Fat

Table 2 illustrates univariate analysis for comparing sex
and thyroid hormonal levels, serum electrolytes, and visceral
fat parameters between the two groups. Testosterone level
was significantly higher in the Brugada males than in the con-
trol males, whereas there were no significant differences in
other sex hormonal levels; estradiol, DHEA-S, LH, FSH, and
thyroid hormonal levels; T3, T4, and TSH. Serum sodium,
potassium, and chloride levels were all significantly higher in
the Brugada males than in the control males. BMI, BF%, and
BW were all significantly lower in the Brugada males than in
the control males. All variables followed normal distribution,
both in the 48 Brugada and 96 control males.

The comparison of the confounding variables that may
affect the hormonal levels and the visceral fat parame-
ters between the 48 Brugada males and the 96 control
males was shown in Table 3. Even after adjusting for age,
exercise, stress, current smoking, and medication (hyperten-
sion, diabetes, and hyperlipidemia), the testosterone level,
serum sodium, potassium, and chloride levels were all sig-
nificantly higher, and the visceral fat parameters were signif-
icantly lower in the 48 Brugada males than in the 96 con-
trol males (Table 4). There were also significant differences
in these parameters between the 24 definite Brugada males
with documented VF and/or SCN5A mutations and the 96
control males after adjusting for the confounding variables
(Table 4).

Correlation between Testosterone, Visceral Fat,
and Serum Electrolytes

Testosterone level was inversely correlated with all vis-
ceral fat parameters, BMI, BF%, or BW in both the Brugada
males and the control males, even after adjusting for age,

TABLE 3

Comparison of the Confounding Variables Between the 48 Brugada Males
and the 96 Age-Matched Control Males

Brugada Control
Males Males
(n = 48) (n = 96) P Value
Exercise
None (%) 39.6 44.8
Sometimes (%) 41.6 43.8
Regularly (%) 18.8 1.5 0.482
Stress
None (%) 27.1 21.9
Sometimes (%) 54.2 54.2
Regularly (%) 18.8 24.0 0.684
Current smoking (%) 25.0 27.1 0.789
Medication
Hypertension (%) 20.8 19.8 0.883
Diabetes (%) 2.1 13.5 0.028
Hyperlipidemia (%) 10.4 5.2 0.246
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TABLE 4

Testosterone, Serum Electrolytes, and Visceral Fat Parameters in the
Brugada Males and the 96 Age-Matched Control Males after Adjusting for
Confounding Variables

Brugada Control Males
Males (n = 96) P Value
ALL Case (n = 48)
Testosterone (ng/dL) 631 44 538 + 40 0.003
Sodium (mEq/L) 1442 £ 0.5 1432+ 05 0.007
Potassium (mEg/L) 46+0.1 43 +£0.1 <0.001
Chloride (mEqg/L) 1055+ 0.5 1039+ 0.5 <0.001
BMI (kg/m?) 223407 249107 <0.00]
BF% (%) 200+ 1.3 2394+ 1.1 <0.001
BW (kg) 63.4+24 701 £2.1 0.001
Definite Brugada case with
VF and/or SCN5A (n = 24)
Testosterone (ng/dL) 656 + 59 550 + 48 0.009
Sodium (mEqg/L) 143.9 £ 0.7 1429 £ 06 0.042
Potassium (mEq/L) 47£0.1 4.4 +0.1 <0.001
Chloride (mEg/L) 105.2 £ 0.7 103.9 £ 0.6 0.006
BMI (kg/m?) 215+ 1.0 245408 <0.001
BF% (%) 199+ 1.7 241 +14 <0.001
BW (kg) 60.5 £ 3.1 69.2+25 0.001

Values are mean + SE adjusted for age, exercise, stress, current smok-
ing, and medication of hypertension, diabetes and hyperlipidemia.
BMI = body-mass index; BF% = body-fat percentage; BW = body weight;
VF = ventricular fibrillation.

exercise, stress, current smoking, and medication (Bru-
gada: BMI, r = -0394, P = 0.011; BF%, r = -
0.390, P = 0.012; BW, r = -0.335, P = 0.032; Con-
trol: BMI, r = -0.333, p = 0.002; BF%, r = -0.333,
P = 0.001; BW, r = -0.305, P = 0.004), suggest-
ing that Brugada males had higher testosterone level
associated with lower visceral fat compared with con-
trol males (Fig. 1). No significant correlations were ob-
served between other serum electrolytes and testosterone
level or visceral fat parameters. Testosterone level was
not correlated with age, even after adjusting for exercise,
stress, current smoking, and medication (r = 0.007, P =
0.947).

Conditional Logistic Regression Models Analysis

Conditional logistic regression models analysis showed
significant positive and inverse association between Brugada
syndrome, hypertestosteronemia (Odd Ratio (OR): 3.11,
95%Cl: 1.22-7.93, P = 0.017), and BMI (OR: 0.72, 95%CI:
0.61-0.85,P < 0.001), respectively (Table 5). Other variables
did not significantly increase or decrease risks of Brugada
syndrome (Table 5). )

Visceral Fat at Clinical Cardiac Events in Brugada Males -

In the 32 symptomatic Brugada males with documented
VF and/or syncope, the time-span between the clinical car-
diac events and the measurement of harmonal and the visceral
fat data was 42 2= 32 months (mean = SD, 1-99 months). The
BMI and BW at the clinical cardiac events (VF or syncope)
were significantly Jower than those at the measirement of
hormonal and visceral fat data (BMI, 21.0 & 2.6 vs 22.1 %
2.9 kg/m?; BW, 60.0 & 8.9 vs 62.9 + 9.7 kg: P < 0.001,
respectively).

Testosterone versus ECG Parameters, Symptoms
or SCN5A Mutation in Brugada Males

Baseline electrocardiographic data of the 48 Brugada
males are shown in Table 1. No significant correlations were
observed between testosterone level and ECG parameters,
including ST amplitude (r = -0.123, P = 0.406) and QTc
interval (r = —0206, P = 0.160), in the 48 Brugada males.
There was no significant difference in testosterone level be-
tween 32 symptomatic and 16 asymptomatic Brugada males
(649 £ 185 vs 593 £ 157 ng/dL: P = 0.298). No significant
difference was observed in testosterone level between 43 Bru-
gada males with spontaneous Type 1 ST-segment elevation
and five Brugada males with sodium channel blocker-induced
Type 1 ST-segment elevation (624 &+ 171 vs 688 + 230 ng/dL.:
P = 0.448). Testosterone level was also no different between
seven Brugada males with SCN5A mutation and 41 Brugada
males without SCN5A mutation (700 3 198 vs 619 £+ 172
ng/dL: P = 0.261).

Follow-Up

Arrhythmic events occurred in nine (19%) of 48 Brugada
males during average follow-up periods of 41 + 2 months
after blood sampling for the present study (Table 1). In more
detail, arrhythmic events appeared in eight (38%) of 21 Bru-
gada males with a history of aborted cardiac arrest or VF, in
one (9%) of 11 Brugada males with syncope alone, but did
not appear in any (0%) of 16 asymptomatic Brugada males.

Discussion

The major findings of the present study were: (1) Bru-
gada males had significantly higher testosterone level, serum
sodium, potassium, and chloride level, and significantly lower
BMI, BF%, and BW than those in control males by univariate
analysis, even after adjusting for age, exercise, stress, current
smoking, and medications related to hypertension, diabetes
and hyperlipidemia. (2) Testosterone level was inversely cor-
related with the BMI, BF%, and BW in both Brugada males
and control males, even after adjusting for the confounding
variables. (3) Conditional logistic regression models analy-
sis showed strong positive association between Brugada syn-
drome and higher testosterone level (hypertestosteronemia)
and strong inverse association between Brugada syndrome
and BMIL

Testosterone in Brugada Phenotype
and Male Predominance

For the past decade, numerous clinical, experimental, and
molecular genetic studies have elucidated Brugada syndrome
as a distinct clinical entity.'™>'7 However, several problems
remain unresolved, such as genetic heterogeneity, ethnic dif-
ference, and gender difference.” Di Diego and Antzelevitch
recently suggested the cellular basis for male predominance
in Brugada syndrome by using arterially perfused canine right
ventricular wedge preparations.” Transient outward current
(Iy)-mediated phase 1 AP notch was larger in male dogs
than in female dogs in the right ventricular epicardium, but
not in the left ventricular epicardium, responsible for the
male predominance in the Brugada phenotype. Recent clini-
cal studies suggested that male hormone testosterone might
be attributable to gender difference of the prevalence in this
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Figure 1. Correlation benveen testosierone level and visceral fai parameters;

body mass index (BMI) (A and B), body fat percentage (BF%) (C and D), and

body weight (BW) (E and F) in the 48 Brugada males and the 96 age-matched control males. Testosterone level was inversely correlated with the BMI, BF %,

or BW in both Brugada males and control males.

syndrome. Matsuo et al. reported two cases of asymptomatic
Brugada syndrome in whom typical coved ST-segment el-
evation disappeared following orchiectomy as therapy for
prostate cancer,?! indicating that testosterone may contribute
to the Brugada phenotype in these two cases. Several exper-
imental studies reported that testosterone increased outward
potassium currents, such as the rapidly activating compo-
nent (Iy,)'%"" and the slowly activating component (Ix)'? of
the delayed rectifier potassium current, and the inward rec-
tifier potassium current (Ix)),'" or decreased inward L-type
calcium current (I¢,~1).'> Since the maintenance of the AP
dome is determined by the fine balance of currents active at
the end of phase 1 of the AP (principally 1,, and Ic,—1.),>%
any agents that increase outward currents or decrease inward
currents can increase the magnitude of the AP notch, leading
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to loss of the AP dome (all-or-none repolarization) in the epi-
cardium, but not in the endocardium, contributing to a signif-
icant voltage gradient across the ventricular wall during ven-
tricular activation, thus augmenting ST-segment elevation,
the Brugada phenotype.?* Therefore, testosterone would be
expected to accentuate the Brugada phenotype. In the present
study, males with Brugada syndrome had significantly higher
testosterone level than age-matched control males, even after
adjusting for age, exercise, stress, current smoking, and med-
ication (hypertension, diabetes, and hyperlipidemia), which
may affect the testosterone level. Moreover, conditional lo-
gistic regression models analysis showed strong positive
association between Brugada syndrome and higher testos-
terone level (OR: 3.11). Our data suggest a significant role of
testosterone, male hormone, in the Brugada phenotype. The



420 Journal of Cardiovascular Electrophysiology Vol. 18, No. 4, April 2007 -

TABLE S

Odds Ratios of Presence of Hypertestosteronemia and Confounding Risk
Factors for Brugada Syndrome in Males

95% Confidence

Variable 0Odd Ratio Interval P Value
Hypertestosteronemia 3.11 1.22-7.93 0.017
Age 0.99 0.95-1.03 0.637
BMI 072 0.61-0.85 <0.001
Exercise 1.57 0.87-2.83 0.135
Stress 0.69 0.35-1.35 0.277
Current smoking 0.71 0.26-1.90 0.493
Hypertension 312 0.85-11.45 0.087
Diabetes 0.13 0.01-1.27 0.079
Hyperlipidemia 2.14 0.44-10.49 0.348

Hypertestosteronemia was defined as serum testosterone levels > 700 ng/dL.

data also indicate that the male predominance in the Brugada
phenotype is at least in part due to testosterone, which is
present only in males.

Lower Visceral Fat May Be a Predictor
Jor Brugada Phenotype

Matsuo et al. recently reported in their epidemio-
logic study that cases with the Brugada-type ECG had
significantly lower BMI than that in control subjects.' Sim-
ilarly, in the present study, males with Brugada syndrome
had significantly lower visceral fat parameters, BMI, BF%,
and BW than those in age-matched control males, even after
adjusting for several confounding variables. Moreover, con-
ditional logistic regression models analysis showed strong in-
verse association between Brugada syndrome and BMI (OR:
0.72). All of the visceral fat parameters were inversely cor-
related with testosterone level in both Brugada and control
males, cven after adjusting for the confounding variables. It
has been well demonstrated that testosterone level in obese
males is decreased compared to normal males of similar
age.'? Tsai et al. reported that lower baseline total testos-
terone level independently predicted an increase in visceral
fat in the Japanese-American male cohort for 7.5 years.'
Reversely, Marin et al. reported that testosterone treatment
of middle-aged abdominally obese males was followed by
a decrease of visceral fat mass measured by computerized
tomography.'* These data suggest that primarily higher level
of testosterone in Brugada males compared to that in con-
trol males may result in lower visceral fat in Brugada males,
which would be an ““innocent bystander” sign of Brugada phe-
notype. In revérse, if primary lower visceral fat (body weight
loss) would result in higher testosterone level, the weight loss
could be a trigger for Brugada phenotype, just like fever is.
It is noteworthy that the visceral fat parameters at the clinical
cardiac events (VF or syncope) in the 32 symptomatic Bru-
gada males were significantly lower than those at the time of
blood sampling for this study. This indicates thal teslosterone
level is expected to be additively higher at the clinical cardiac
events, which may contribute to spontaneous episodes of VF
or syncope.

Other Hormonal Levels and Serum Electrolytes

Estradiol, female hormone, is reported to reduce the ex-
pression of Kv4.3 channels, which are important molecular

components of 1, currents.2® However, in contrast to testos-
terone, other sex hormonal levels including estradiol were
not different between the Brugada males and the control
males in the present study. Although thyroid hormones are
also demonstrated to alter membrane currents, such as I,
and I¢,_,>"? no significant differences were observed in
the thyroid hormonal levels between the two groups in the
present study.

On the other hand, serum sodium, potassium, and chloride
levels were all significantly higher in the Brugada males than
in the control males, even after adjusting for several con-
founding variables. Recently, many agents and conditions
that cause an outward shift in current activity at the end of
phase 1 AP have been known to unmask ST-segment ele-
vation, as found in the Brugada syndrome, leading to the
acquired form of this disorder.*? Electrolyte abnormalities,
such as hyperkalemia, are reported to amplify ST-segment
elevation like that in Brugada syndrome.®® The lower vis-
ceral fat found in the Brugada males is expected to decrease
serum level of insulin, leptine, a novel adipocyte-derived hor-
mone, or ghrelin, a novel growth hormone-releasing peptide,
suppressing B-adrenergic receptor or plasma norepinephrine
level, resulting in an increase of serum potassium level 3!
Further studies including measurement of levels of insulin,
leptine, and ghrelin will be required to elucidate the precise
mechanism.

Study Limitations

Although the testosterone level was significantly higher in
the Brugada males than in the control males, no statistically
significant correlations were observed between the testos-
terone level and the ST amplitude in the Brugada males. The
degree of the ST-segment elevation is variable between Bru-
gada patients because it is influenced by several factors other
than sex hormonal levels or electrolytes levels, such as basal
autonomic tone, presence of SCN5A mutation, or probably
intrinsic current density of I, etc., in the right ventricu-
lar epicardial cells. The threshold of ST-segment elevation
for spontaneous induction of VF also varies between Bru-
gada patients. Therefore, the Brugada phenotype, such as
ST-segment elevation or spontaneous induction of VF, may
correlate with the testosterone level day to day individually
(intra-personally) in each Brugada male, but may not corre-
late among the pooled data obtained from many Brugada
males, probably due to inter-person difference of the ST-
segment elevation.

There were no significant differences in testosterone level
between symptomatic and asymptomatic Brugada males, be-
tween Brugada males with spontanecous ST elevation and
those with sodium channel blocker-induced ST elevation, or
between Brugada males with and without SCNSA mutation,
all of which are probably due to a relatively small number of
Brugada males in the present study. Further evaluation with
increasing number of Brugada males will be required.
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Mechanism and New Findings in Brugada Syndrome

Wataru Shimizu, MD; Takeshi Aiba, MD; Shiro Kamakura, MD

Brugada syndrome is a clinical entity characterized by coved type ST-segment elevation in the right precordial
electrocardiographic leads (V1-3) and an episode of ventricular fibrillation in the absence of structural heart dis-
ease. Although a number of clinical and experimental reports have elucidated the electrocardiographic, electro-
physiologic, cellular, and molecular aspects, several problems remain unsolved. Recently developed high-reso-
lution optical mapping techniques in arterially-perfused wedge preparations enable recording of transmembrane
action potentials from 256 sites simultaneously at the epicardial surface, thus providing further advances in the
understanding of the cellular mechanism of the specific ST-segment elevation and subsequent ventricular arrhyth-
mias. In this review article, new findings relating to several unresolved problems such as gender difference (male
predominance) and ethnic difference (higher incidence in Asian population) are also presented. (Circ J 2007;

Suppl A: A-32-A-39)

Key Words: Brugada syndrome; Ethnicity; Gender; Genetics; Mutation; Polymorphism; ST-segment;

Ventricular fibrillation

type ST-segment elevation in the right precordial

electrocardiography (ECG) leads (Vi-3) and an
episode of ventricular fibrillation (VF) in the absence of
acute ischemia, electrolyte abnormalities or structural heart
disease!-8 A type-1 ST-segment elevation, which is defined
as a coved ST-segment elevation of 20.2mV at the J point
with or without a terminal negative T wave, is required to
diagnose BS, regardless of the absence or presence of
sodium-channel blockers (Figs 1A,B)7 A type-1 ST-seg-
ment elevation recorded only in the higher Vi-2 leads (ie,
3rd and 2nd intercostal spaces) has been suggested to show
similar prognostic value for subsequent cardiac events as
that recorded in the standard Vi-2 leads (Fig1C)79:10 A
type-2 saddle-back ST-segmient elevation alone is not diag-
nostic for BS (Fig 1B). The prevalence of this syndrome is
estimated to be 5 per 10,000 inhabitants, and is one of the
important causes of sudden cardiac death of middle-aged
males in Asian countries particularly!!-12 BS usually mani-
fests during adulthood, with a mean age of sudden death of
41£15 years, and child cases are rare? A family history of
unexplained sudden death is present in approximately 20—
40% of the population in Western countries, and less (15—
20%) in Japan7.13.14 A significant male predominance in
BS has long been reported, and more than 80% of patients
in Western countries and more than 90% of patients in
Asian countries affected with BS are men!3 Since Brugada
and Brugada described 8 patients with a history of aborted
sudden cardiac death caused by VF as a distinct clinical
entity in 1992] a number of clinical and experimental
reports from around the world have demonstrated the clini-
cal, electrocardiographic, electrophysiologic, cellular, ionic,
genetic and molecular features of BS2-14 However, several

Brugada syndrome (BS) is characterized by coved-
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problems remain unsolved, such as genetic heterogeneity,
late onset of first cardiac events, and gender and ethnic dif-
ferences? In this review article, we present our recent data
relating to the cellular and molecular mechanism of BS, the
late onset of its clinical manifestation, male predominance,
and higher incidence in Asian populations.

Genetic and Molecular Aspects

Advances in molecular genetics in the past decade have
established a link between several inherited cardiac arrhyth-
mias, including BS and long QT syndrome, and mutations
in genes encoding ion channels, membrane components or
receptors!® In 1998, the first mutation linked to BS was
identified by Chen et al in SCN5A!7 the gene encoding the
a subunit of the sodium channel. Thereafter, a large family
of BS was reported to link to a second locus on chromo-
some 3, which is close to but different from the SCN5SA
locus;'8 however, specific gene or genes other than SCNSA
have not yet been identified on chromosome 3. SCNSA
mutations are reported to account for 18-30% of clinically
diagnosed BS patients at present’ Antzelevitch et al have
recently reported that 3 probands associated with a BS-like
ST-segment elevation and a short QT interval were linked
to mutations in CACNA/C (A39V and G490R) or CACNB?2
(S481L), the gene encoding the «! or 82b subunit of the
L-type calcium channel, respectively!® Their genetic and
heterologous expression studies revealed loss of function
of the L-type calcium channel current (Ica-L). However,
approximately two-thirds of BS patients have not been yet
genotyped, suggesting the presence of genetic heterogenei-
ty? Other candidate genes for the Brugada phenotype in-
clude those encoding the transient outward current (lo) and
the delayed rectifier potassium current (Ik), or those coding
the adrenergic receptors, cholinergic receptors, ion-chan-
nel-interacting protein, promoters, transcriptional factors,
neurotransmitters, or transporters’-8

Among the approximately 100 mutations in SCN5SA
linked to BS, some of them have been studied in expression
systems, and have been shown to result in loss of function of
the sodium channel current (INa) by several mechanisms20
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Figl. (A) Spontaneous type 1 coved type ST-segment elevation (arrow). (B) Unmasking of ST-segment elevation by a
class IC sodium-channe! blocker, pilsicainide. Under baseline conditions, type 2 saddle-back type ST-segment elevation
is recorded in lead V2 (Left, arrow). Pilsicainide injection (30 mg) unmasks the type 1 coved type ST-segment elevation in
lead V2 (Right, arrow). (C) Unmasking of the type 1 electrocardiogram (ECG) by recording the right precordial (V1-2)
leads at the 3 and 2nd intercostal spaces. No significant ST-segment elevation is observed in leads V1 and V2 of the stan-
dard 12-lead ECG (4t intercostal space) (Left, arrow), whereas saddle-back type (Middle, arrow) and type 1 coved type
(Right, arrow) ST-segment elevation are unmasked in leads V1 and V2 recorded from the 31 and 2" intercostal spaces,

respectively.

These functional effects include: (1) lack of expression of
the sodium channel; (2) a shift in the voltage-dependence
and time-dependence of INa activation, inactivation or reac-
tivation; (3) entry of the sodium channel into an intermedi-
ate state of inactivation from which it recovers more slowly;
(4) accelerated inactivation of the sodium channel; and (5)
a trafficking defect. Some common SCN5A polymorphisms
are reported to modulate the functional consequences of pri-
mary SCN5A mutations. Baroudi et al first suggested that the
interaction of SCN3A polymorphisms and SCN5A mutations
may affect the consequence of the functional effects. They
reported that a common polymorphism (R1232W) of SCN5A
affected protein trafficking when it was co-expressed with
a T1620M mutation, although the T1620M mutation alone
produced only gating abnormalities in the INa2! On the other
hand, another common polymorphism (H558R) of SCN5A
was reported by Ye et al to rescue normal trafficking and
normal INa for the M1766L mutant protein?? These effects
of common SCN5A polymorphisms on modifying the func-
tional consequence of SCN5A mutations may make the
clinical phenotype more complex.

Cellular Mechanism of Brugada Phenotype

The lo-mediated phase 1 notch of the action potential
(AP) has been reported to be larger in the epicardium than
in the endocardium in many species, including humans?3
Because the maintenance of the AP dome is determined by
the fine balance of currents active at the end of phase 1 of the
AP (principally lo and Ica-L), any interventions that cause a

" net outward shift in the current active at the end of phase 1
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can increase the magnitude of the AP notch, leading to loss
of the AP dome (all-or-none repolarization) in the epicar-
dium, but not in the endocardium, contributing to a signifi-
cant voltage gradient across the ventricular wall during
ventricular activation?’> The heterogeneous loss of the AP
dome in the epicardium has been shown to produce prema-
ture beats via a mechanism of phase 2 reentry in experimen-
tal studies using isolated sheets of canine right ventricle?
Therefore, these mechanism of all-or-none repolarization in
the epicardial cells and phase 2 reentry-induced premature
beat between the adjacent epicardial cells were expected to
be responsible for the clinical phenotype in BS.

In the late 1990s, Antzelevitch’s group developed an ex-
perimental model of BS using arterially perfused canine
right ventricular (RV) wedge preparations, in which trans-
membrane APs and pseudo-ECGs were simultaneously
recorded. These experimental studies have provided sig-
nificant insights of the cellular mechanism of the Brugada
phenotype, ST-segment elevation and subsequent VF?3.26
The lo-mediated AP notch and the loss of the AP dome in
the epicardial cells, but not in the endocardial cells, of the
right ventricle gives rise to a transmural voltage gradient,
producing ST-segment elevation in the ECG in the wedge
preparations. Fig2 shows transmembrane APs simultane-
ously recorded from 2 epicardial (Epi) and 1 endocardial
sites, together with a transmural ECG in a Brugada model
using the RV wedge preparation. Under control conditions,
a small J wave coincides with the small notch observed in
the epicardial cells, but not in the endocardial cells (Fig 2A).
Combined administration of terfenadine (Ica-L block) and
pilsicainide (Ina block) produces a loss of the AP dome in
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Fig2. Type | coved type ST-segment elevation and non-sustained polymorphic ventricular tachycardia (VT) via phase
2 reentry induced in a Brugada model using an arterially perfused canine right ventricular wedge preparation. Shown are
transmembrane action potentials (APs) simultaneously recorded from 2 epicardial sites (Epi | and Epi 2) and | endocardial
site (Endo) together with a transmural ECG (basic cycle length (BCL)=2,000ms). (A) Under baseline conditions. phase 1
AP notch in Epi. but-not in Endo. is associated with a J wave in the ECG. (B) Combined administration of terfenadine
(5mol/L) and pilsicainide (5umol/L) produces a loss of AP dome in Epi 1. but not in Epi 2. resulting in a marked epi-
cardial dispersion of repolarization (EDR). and a coved-type ST segment elevation and a negative T wave in the ECG. (C)
4-aminopyridine (4-AP), a selective blocker of the transient outward current (Io) (2mmol/L), restores the AP dome. de-
creases the phase | AP notch. and normalizes the ST-segment elevation. (D) In the setting of heterogeneous loss of the
AP dome (coexistence of loss of dome regions and restored dome regions) in the epicardium and a remarkable coved type
ST-segment elevation in the ECG with combined administration with terfenadine and pilsicainide. electrotonic propagation
from the site where the dome is restored (Epi 1) to the site where it is lost (Epi 2) results in development of a premature
beat induced by phase 2 reentry. triggering spontaneous polymorphic VT (Modified from Nat Clin Pract Cardiovase Med

2005: 2: 408 —-414 with permission).

Epi |, but not in Epi 2, resulting in a marked epicardial dis-
persion of repolarization (EDR), and a coved-type ST seg-
ment elevation and negative T wave in the ECG (Fig2B).
A selective o blocker, 4-aminopyridine, restores the AP
dome, decreases the phase | AP notch, and normalizes the
ST-segment elevation (Fig 2C). Fig 2D shows non-sustained
polymorphic ventricular tachycardia (VT) via phase 2 reen-
try induced in a Brugada mode! using the wedge prepara-
tion. In the setting of remarkable coved type ST-segment
elevation with combined administration of terfenadine and
pilsicainide, heterogeneous loss of the AP dome (coexis-
tence of loss of dome regions and restored dome regions) in
the epicardium creates a marked EDR. giving rise to pre-
mature beats caused by phase 2 reentry. which precipitates
non-sustained polymorphic VT.

Optical Mapping Study

The AP data in the Brugada model using arterially per-
fused canine RV wedge preparations strongly supported
the hypothesis that episodes of VF in BS are triggered by
premature beats between the adjacent epicardial cells via
the mechanism of phase 2 reentry. However. the precise
mechanism of the initial premature beats and the mainte-
nance of non-sustained polymorphic VT or VF remain un-
solved. because the number of AP recording sites available
for floating microelectrodes is small in the wedge prepara-
tions. To overcome this limitation. we recently developed
high-resolution (256x256) optical mapping techniques that
allowed us to record transmembrane APs from 256 sites
simultaneously at the epicardial or endocardial surface of the

-wedge preparations (Figs3-5)827 Fig3 shows the mecha-

nism of phase 2 reentry-induced premature beats (P2R-
extrasystoles) under Brugada-ECG conditions. A steep
repolarization gradient between the loss of dome region
and the restored dome region in the epicardium. but not in
the endocardium, develops the initial P2R-extrasystole. We
then recorded spontaneous episodes of P2R-extrasystoles
and subsequent non-sustained polymorphic VT or VF
under these conditions, and analyzed the epicardial AP
duration (APD) and conduction velocity (Figs4.5). Once
again, most of the P2R-extrasystoles originated from the
area showing the steepest (maximum) gradient of repolari-
zation (GRmax) between the loss of dome site and the
restored dome site in the epicardium (Figs4C.5C. arrows).
leading to non-sustained polymorphic VT or VF. These data
also indicate that a steep repolarization gradient between
the loss of dome region and the restored dome region in the
epicardium is essential to produce the P2R-extrasystoles
that precipitate polymorphic VT or VF. On the other hand,
the epicardial GRmax does not differ between episodes of
polymorphic VT and those of VF. Figs4D.E and 5D.E
show the mechanism underlying the difference between
polymorphic VT and VF. Just before inducing the episodes
of polymorphic VT or VF. the epicardial depolarization
map paced from the endocardium at the basic cycle length
of 2.000ms shows a remarkable conduction delay in the
episode of VF (Fig 5D) compared with that of polymorphic
VT (Fig4D). The conduction parameters, such as QRS
duration and interval between the stimulus and the earliest
epicardial activation, are significantly longer in the epi-
sodes of VF than in those of polymorphic VT. Figs4A.B
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Fig3. Mechanism of the phase 2 reentry-induced premature beats (P2R-extrasystoles) under the condition of Brugada-
ECG in a model using a wedge preparation combined with high-resolution (256x256) optical mapping techniques. (A)
Representative action potential duration measured at 50% (APDso) contour map on the right ventricular epicardium (Epi)
and endocardium (Endo) in the control, in the ST-segment elevation (Brugada-ECG) without phase 2 reentrant extrasys-
toles (P2R (<)) and in the Brugada-ECG just before P2R extrasystoles (P2R (+)). (B) Snapshots of an optical isopotential
movie on the Epi surface during P2R(-) and P2R(+) in the Brugada-ECG. (C) Optical action potentials (APs) at each site
(a-f) on the Epi surface and transmural ECG. Under the Brugada-ECG, the AP morphology in Epi, but not Endo, changes
to heterogeneous because of the combination of abbreviated (loss-of-dome; site d,e) and prolonged (restore-of-dome; site
a,b) APs, resulting in increasing dispersion of repolarization (DR) in Epi (168 ms) rather than in Endo (80 ms). Further
prolongation of the AP in the Epi area (site b) is closely adjacent to the loss-of-dome APs (site d), thus producing a repo-
larization mismatch within a small area (DR =348 ms) and developing a P2R-extrasystole at the loss-of-dome site (site d).
Thus, a steep repolarization gradient in Epi, but not in Endo, develops the initial P2R-extrasystole in the Brugada-ECG
(Modified from J Am Coll Cardiol 2006; 47: 2074 -2085 with permission).

represents a phase map and the optical APs during the P2R-
induced polymorphic VT, showing that reentry is initiated
from the epicardial GRmax area and rotates mainly in the
epicardium without wave-break. In contrast, Figs5A,B
represents these during P2R-induced VF, showing that the
development of the initial P2R is similar to that of poly-
morphic VT, but that the first P2R-wave is broken up into
multiple wavelets, resulting in degeneration of VT into VF.
The phase singularity points during the first P2R-wave al-
most coincide with the sites of delayed conduction (Fig 5D).
Wave-break during the first P2R-extrasystole produces
multiple wavelets in the episodes of VF, whereas no wave-
break or wave-break followed by wave collision and termi-
nation occurs in the episodes of polymorphic VT. Figs4E
and 5E are histograms of the epicardial APD measured at
50% (APDs0) during the first P2R-wave. There is a large
variety of APDso in the epicardium during the first P2R-
wave in the episodes of VF, whereas only slight variety in
the APDso is observed in the episodes of polymorphic VT.
These data suggest that both conduction delay and disper-
sion of repolarization play significant roles in the perpetua-
tion of VF episodes.
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Late Onset of Clinical Manifestation

Because BS is a primary electrical disease, and at least
one-third of the patients have mutations in ion channel genes
(SCN5A, CACNAIC, CACNB2), clinical manifestation dur-
ing childhood would be expected. However, BS usually
manifests in middle age, at 40-50 years of age? Frustaci et
al recently reported a significant myocytes apotosis in both
the right and left ventricular myocardium in a histological
study of BS patients with SCNSA mutations, and suggested
that abnormal function of the sodium channels may lead to
a sufficient degree of cellular damage, attributing to the
arrhythmic event?8 We recently analyzed several ECG
parameters recorded during long-term follow-up of BS
patients with and without the SCNSA mutation?® In both
patient groups, the depolarization parameters, including P
wave, QRS, S wave duration and PQ interval, increased
with age, especially in patients with the SCN5A mutation.
Taken together with the experimental data?’ the findings
suggest that depolarization abnormalities (conduction slow-
ing) are required for the maintenance of VF in BS, although
the initiating premature beats are caused by a phase 2 re-
entry mechanism.
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Figd. Mechanism underlying non-sustained polymorphic ventricular tachycardia (VT) in a Brugada model using a
wedge preparation combined with high-resolution (256x256) optical mapping techniques. (A) Representative snapshots
from a phase movie during polymorphic VT originating from epicardial (Epi) phase 2 reentry (P2R). (B) Optical action
potentials at each site (a—f), together with a transmural ECG. (C, D) Repolarization and depolarization maps on the Epi
surface in the condition of Brugada-ECG just before polymorphic VT. (E) Epi action potential duration at 50% repolar-
ization (APDso) histogram during the first P2R-wave. Reentry is initiated from the steepest (maximum) repolarization
gradient site in Epi (arrow in A and C) and rotates mainly in Epi without wave-break. The Epi depolarization map paced
from Endo shows no conduction delay (D). There is a little variety of APD in Epi during the first P2R-wave (E). Open
circles mark phase singularity points (Modified from J Am Coll Cardiol 2006; 47: 20742085 with permission).

Male Predominance

Because all mutations so far identified in SCN5A display
an autosomal dominant mode of transmission in BS, males
and females would be expected to inherit the defective
gene equally. However, an apparent male predominance is
observed in patients with BS!3 Di Diego et al suggested the
cellular basis for male predominance in BS while using
arterially-perfused canine RV wedge preparations3® They
reported that the lro-mediated phase 1 AP notch in the RV
epicardium was larger in male dogs than in female dogs
was responsible for the male predominance in the Brugada
phenotype. On the other hand. the male hormone, testoste-
rone, has been reported to increase the outward potassium
currents (the rapidly [Ix:]332 and the slowly [Iks]?3 activat-
ing component of Ik, and the inward rectifier potassium
current [Ik1]32) or decrease the inward currents (Ica-L)33
Therefore, testosterone would be expected to accentuate the
Brugada phenotype. Clinically, Matsuo et al report 2 cases
of asymptomatic BS in which typical coved ST-segment
elevation disappeared following orchiectomy as therapy for
prostate cancer3 supporting the expectation for testoste-
rone. Moreover. testosterone is also known to decrease
visceral fat3% and patients with BS are thinner than the nor-
mal population3® On the basis of these clinical and experi-
mental findings, we directly measured the testosterone
level in male patients with BS and compared them with
age-matched normal males3? The testosterone level was

significantly higher and body mass index (BMI) signifi-
cantly lower in the Brugada males than in the controls after
adjusting for several confounding variables influencing tes-
tosterone level or BMI (eg, age, exercise, stress, smoking,
and medication). Interestingly, testosterone level was in-
versely correlated with BMI in both Brugada and control
males even after adjusting for confounding variables. sug-
gesting that Brugada males have a higher testosterone level
associated with lower visceral fat (Fig 6). Moreover, condi-
tional logistic regression model analysis showed that both
higher testosterone level and lower BMI independently
increase the risk of BS. These data suggest that the male
predominance in the Brugada phenotype is at least in part
related to testosterone, which is present only in males.

Higher Incidence in Asian Population

The incidence of BS is higher in Asian countries, includ-
ing Thailand and Japan, than in Western countries!!-12.38 [t
has been reported that common polymorphisms might
modulate the activity of the primary disease-causing muta-
tion or influence susceptibility to arrhythmia. even in the
general population?® The common polymorphisms may
attribute to ethnic differences in the clinical phenotype in
inherited cardiac arrhythmias, including BS, because some
common polymorphisms are ethnically dependent. Pfeufer
et al reported that polymorphisms in the SCN5A promoter
were associated with a widening of QRS duration in a cen-
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