Gain-of-Function KCNH2 Mutations in Patients with Brugada Syndrome.
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Gain-of-Function KCNH2 Mutations in Patients with Brugada Syndrome
(Brugada JEMRREEE IC 1T 5 AEH/S R KONH2 £ )

FALFICREE

[Background] Brugada syndrome (BrS) is a cardiac electrical disease characterized by right
precordial ST-segment elevation on electrocardiograms (ECG) that predisposes patients to
sudden cardiac death as a result of ventricular fibrillation (VF). In BrS patients, except for
SCN5A, mutations in other responsible genes are poorly elucidated.

KCNH?2 gene encodes an a-subunit of the rapid component of the delayed rectifier K*
channel (Kv11.1). The Kv11.1 channel carries Ix,, which plays an important role in regulating
the repolarization of the cardiac action potential. In 2005, two novel KCNH2 mutations
(G8738 and N985S) were identified in patients with BrS who had no SCN54 mutation.
Functional analyses of the two mutant channels and the computer simulation revealed that
the:‘;’ caused gain-of-function of the Kv11.1 channel. In 2009, we reported a novel KCNH2
mutation, R1135H, in a patient showing a short QT interval and Brugada ECG. However, it
remains unknown how these KCNH2 mutations are associated with the clinical features.
[Objective] Our objectives were to identify novel KCNH2 mutations in BrS patients and to
investigate the relationship between the channel function and clinical phenotype. Clinical
characteristics were compared between the patients with BrS or Brugada-like ECG patterns of
different genotypes on KCNH2, SCN5A or CACNA1C mutations.

[Methods] The study population consisted of 236 consecutive probands, who were diagnosed
as BrS or with Brugada-lik'e ECG. We screened genetic variants of BrS candidate genes,
using Denature High Performance Liquid Chromatograph (dHPLC), high-resolution melting
method and direct sequencing. The human wild-type KCNH2 cDNA was subcloned into a
pRC-CMV vector, and KCNH2-mutant plasmids were constructed using a site-directed
mutagenesis. Chinese Hamster Ovary cells were co-transfected with 0.5 ug of GFP and 1 pg
WT or respective mutant KCNH2 plasmid using lipofectamine and cultured at 37°C. The
whole-cell configuration of patch-clamp recordings was conducted at 37£1°C using an EPC-8

patch-clamp amplifier 48-72h after transfection.
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[Results] We identified four KCNH2 mutations, T1521, R164C, W927G, and R1135H, in 236
consecutive probands with BrS or Brugada-like ECG. Three of these mutation carriers
showed QTc intervals shorter than 360 ms and one experienced VF. Biophysical analyses
showed that three mutations, R164C, W927G, and RII?;SH, increased Ik, densities. Three
mutations, T152I, R164C, and W927G, caused a negative shift in voltage-dependent
activation curves. Only the R1135H mutant channel prolonged the deactivation time
constants. Clinical characteristics comparison of different genotypes showed that QT intervals
were significantly shorter in KCNH2 mutation group, and QRS durations were significantly
longer in SCN54 mutation group.

[Discussion] N588K was the first KCNH2 mutation that showed gain-of-function effects and
responsible for short QT syndrome but not BrS. Brugada and colleagues identified this
mutation in the S5-P loop region in two unrelated families with hereditary short QT syndrome
(QTc < 300 ms). Functional analyses of N588K channels revealed that it caused a complete
loss of rectifying properties of Ky11.1 channels and did not inactive over the physiological
range of potentials.

In 2005, two first reported KCNH2 mutations (G873S and N985S) in cases with
Brugada-like ECG pattern that modulated I, properties: these two mutant channels showed
increased Ik, current densities. Then we found a mutation KCNH2-R1135H in a patient with
Brugada ECG and short QT interval. In a simulation study, Wilders and colleagues then
demonstrated that the KCNH2-R1135H mutation not only shortened the action potential but
also increased the susceptibility to all-or-none repolarization (loss-of-dome of action
potentials in the right ventricle epicardium). Mutation-induced increase in Iy, during initial
activation may contribute to the premature repolarization, particularly in epicardium, a|
mechanism prbposed for the BrS. This result suggests that, although not causative, these
mutations may contribute to the Brugada phenotype in these families.
Similar to previous reports, in the present study, we showed that three novel XCNH2
mutations (T1521I, R164C, and W927G) exerted gain-of-function effects on Ik, channels
without changing the inactivation kinetics. Clinical data confirmed that these four mutation
carriers displayed BrS with or without relatively short QT intervals. However, the mechanism
underlying the gain-of-function of these novel mutations (T1521, R164C, and W927G)|
appeared quite different from that of N588K, in which the voltage dependence for inactivation
was significantly shifted to more depolarized direction.
[Conclusions] All KCNH2 mutations that we identified in probands with BrS exerted
gain-of-function effects on Jx, channels, which may partially explain the ECG findings in our
patients.
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TNHFREERE, DERTREARITREZREL, DEMBNIC Lo TEAELFIERITIE
bdHDRBTHD, ¥ 206D BE T NYAF ¥ RNVBIEF (SCN5A) DEFBBDBIEMN, £
DMOBEFREFILOWTIERBZ Uo7, B, HEEE DI N —TEIpDELT, AUD
LF % FNBAGT (KCNH2) DR EBRAZIN TS, £2T, KCNH2 BEFE2ELe/NVIE
SEERICEELE 9 DOBEFIZONWT, 2386 ADBELHNRIEBRTFERERIV—=07 1L
oo EHIT, MELICEREDERBICONT, Ny F /I FETIRT 5L Lhic, #EE kL
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1) KCNH2 BIZFIZONWT, 3 DOHMREREZE L 4 2OERERELE (T1521, R164C,
W927G, R1135H),

2) 34D KCNH2BZ T EREE T, QTHERAERL. 96 1 2 L LBMBSEI > T,
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4) KCNH2BZFERBE TIE QT MRSEM T 2DIx LT, SCNFA BIR T4 REE T,
QRS KR OIERPHOH LIS,
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