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Zhang C, Borghetti G, Zhang X, Wallner M, Yang Y,
Troupes €D, Kubo H. Sharp TE, Feldsott E, Berretta RM.
Zalavadia N, Trappancse DM, Harper S, Gross P, Chen X,
Mohsin S, Houser SR. Remodeling of repolarization and arrhythmia
susceptibility in @ myosin-binding protein C knockout mouse model.
Am J Physiol Heari Circ Physiol 313: H620-H630, 2017. First
published June 23, 2017; doi:10.115ajpheart.00167.2017.—Hyper-
trophic cardiomyopathy (HCM) is one of the most common genctic
cardiac discases and among the leading causes of sudden cardiac
death (SCD) in the young. The cellular mechanisms leading to SCD
in HCM are not well known. Prolongation of the action potential (AP)
duration (APD) is a common feature predisposing hypertrophicd
hearts w0 SCD. Previous studies have explored the roles of inward
Na* and Ca®* in the development of HCM, but the role of repolar-
izing K* cumrents has not been defined. The objective of this study
was (o characterize the arthythmogenic phenotype and cellular elec=
trophysiological propertics of mice with HCM. induced by myosin-
binding protcin C (MyBPC) knockout (KO), and to test the hypothesis
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HYPERTROPHIC CARDIOMYOPATHY (HCM) is one of the most com-
mon genetic cardiac diseases (1:500 in the general population)
(28, 42) and among the leading causes of sudden cardiac death
(SCD) in the young (1, 29). HCM is caused by mutations in
sarcomere proteins. The altered sarcomere structure and/or
function leads o pathological hypertrophy, abnormal heart
function, and, importantly, arrhythmias and sudden death (14).

The pathophysiological link between abnormal sarcomere
structure and arrhythmia is not clearly defined, likely va
with mutation type, and has been the subject of extens
research (11, 12). As in any other cardiac pathology leading to
arrhythmia, lwo major components exist: initiation (iriggering)
of the abnormal action potential (AP) and propagation of the
AP the myocardium. Arrhythmias can result from a

that remodeling of repolarizing K * currents causes APD
in MyBPC KO myocytes. We demonstrated that MyBPC KO mice
developed severe hypertrophy and cardiac dysfunction compared with

varicty of mechanisms including reentry, triggered activ
and abnormal ici ion of the ia is

wild-type (WT) control mice. Telemetric recond-
ings of awake mice revealed prolongation of the corrected QT interval
in the KO compared with WT control mice, with overt ventricular
arrhythmias. Whole cell current- and voltage-clamp experiments com-
paring KO with WT mice demonstraied ventricular myocyte hyper-
wophy, AP prolongation, and decreased repolarizing K* currents
Quantitative RT-PCR analysis revealed docreased mRNA levels of
several key K* channel subunits. In conclusion, decrease in repolar-
izing K* currents in MyBPC KO ventricular myocytes contributes 1o
AP and corrected QT interval prolongation and could account for the
arrhythmia susceptibi

NEW & NOTEWORTHY Ventricular myocyles isolated from the
myosin-binding protcin C knockout hypertrophic cardiomyopathy
mouse model demonstrate decreased repolarizing K* currents. and
action potential and QT interval prolongation, linking cellular repo-
larization abnormalities with i ility and the risk for
sudden cardiac death in hypertrophic cardiomyopathy.

on tissue and structural abnormalities leading to
reentry circuits (39). HCM is usually characterized by cardiac
fibrosis and cellular disarray, which have been shown to be
important factors in reentry circuit formation and arrhythmia
(12) as well as a clinical risk factor for

SCD (38).
There are also findings that support a role for abnormal
cellular electrophysi i in initiation

in HCM; however, myocyte electrophysiological remodel
has not been clearly defined (11). A major electrocardiographi
finding in HCM is prolongation of the QT interval, resulting
from ventricular myocyte AP prolongation. in humans and
animal models (8, 15, 20, 46). QT prolongation in HCM
emphasizes the important arrhythmogenic role of abnormal
cellular excitability in HCM

Abnormal intracellular Ca®' handling has
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trophysiological properties of mice with HCM, induced by myc
binding protein C (MyBPC) knockout (KO), and to test the hypothes
that remodeling of repolarizing K currents causes APD prolongation
in MyBPC KO myocytes. We demonstrated that MyBPC KO mice
developed severe hypertrophy and cardiac dysfunction compared with
wild-type (WT) control mice. Telemetric electrocardiographic record-
ings of awake mice revealed prolongation of the corrected QT interval
in the KO compared with WT control mice, with overt ventricular
arrhythmias. Whole cell current- and vollage-clamp experiments com-
paring KO with WT mice demonstrated ventricular myocyte hyper-
trophy, AP prolongation, and decreased repolarizing K" currents
Quantitative RT-PCR analysis revealed deci ed mRNA levels of
several key K' channel subunits. In conclusion, decrease in repolar-
izing K* currents in MyBPC KO ventricular myocytes contributes to
AP and corrected QT interval prolongation and could account for the
arrhythmia susceptibility

NEW & NOTEWORTHY Ventricular myocytes isolated from the
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research (11, 12). As in any other cardiac pathology leading to
arrhythmia, two major components exist: initiation (triggering)
of the abnormal action potential (AP) and propagation of the
AP throughout the myocardium. Arrhythmias can result from a
variety of mechanisms including reentry, triggered activity,
and abnormal automaticity. Propagation of the arrhythmia is
dependent on tissue and structural abnormalities leading o
reentry circuits (39). HCM is usually characterized by cardiac
fibrosis and cellular disarray, which have been shown to be
important factors in reentry circuit formation and arrhythmia
propagation (12) as well as a significant clinical risk factor for
SCD (38).

There are also findings that support a role for abnormal
cellular electrophysiological alterations in arrhythmia initiation
in HCM; however, myocyle electrophysiological remodeling
has not been clearly defined (11). A major electrocardiographic
finding in HCM is prolongation of the QT interval, resulting
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from ventricular myocyle AP prolongation, in humans and
animal models (8, 15, 20, 46). QT prolongation in HCM
emphasizes the important arrhythmogenic role of abnormal
cellular excitability in HCM.

Abnormal intracellular Ca®* handling has been shown to
play a key role in the pathophysiology of HCM (4, 12).

myosin-binding protein C knockout hypertrophic cardiomyopathy
mouse model demonstrate decreased repolarizing K* currents and
action potential and QT interval prolongation. linking cellular repo-
larization abnormalities with arrhythmia susceptibility and the risk for
sudden cardiac death in hypertrophic cardiomyopathy.
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HYPERTROPHIC CARDIOMYOPATHY (HCM) is one of the most com-
mon genetic cardiac diseases (1:500 in the general populatio
(28, 42) and among the leading causes of sudden cardiac dea
(5CD} in the young (1, 29). HCM is caused by mutations
sarcomere proteins. The altered sarcomere structure and/
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RNA isolation and gquaniiiative RT-PCR. Total RNA was isolated
from WT and KO mouse hearts using the mirVana lsolation Kit
{Ambion) followed by DNase treatment to eliminate contaminating

genomic DNA (Qiagen). Reverse transcription reaction was per-
[2 formed using the RT? First Strand Kit (Qiagen) according to the
manufacturer’s instructions. Real-time quantitative PCR was per-
formed using RT> SYBR Green ROX gqPCR Mastermix (Qiagen).
Data generated from the mouse heart samples were normalized to
hypoxanthine guanine phosphoribosyl transferase (HPRT) expression.
Fold changes of the transcript level in KO mice compared with WT
mice were calculated with the 27%%% method, where C is cycle
threshold. The primer sets that were used in the experimenis are
shown in Table 1.

Data analysis. Data are presented as means = SE. Unpaired f-tests
were performed to detect significance using Excel and GraphPad
Prism 6 software. P < 0.05 was considered significant (*P < 0.05,
¥2pP <2 0.01, ¥#*P <7 (.00]1, and ****P < 0.000] in the figures).

RESULTS

9> 4aSD =)

P s =¥

i 3330 ol ol 5 e Y
Tojke e sortime 4uS -F

oo JS 3 oa gt &)le dlaw Hll -0

2 Match case
3 Match case




@) (e Slgie ol Gygo )3 1) ) 929 11 (sl (gl andls (el (Sl GBS Gioled i 5
W3S 0 cuslol sl 1y Slgie g S adlsl Jlusus b e duils 4 sl &g

|y s] ¥ 1 off1 HANNAN PDF VIEWER — + Auomatic Zoom $ MAdd Bookmark [ Il Add Important Notes ket

Add Important Notes

Enter Title

Enter Important Note

Add Imporiant Noles

¥ g s (gl bis a5 sbul 48y )

sy duils a5 =Y

) bwgi 01 posl (gl cun g 4pdle S loled 408> Y
B Gy il Cond ¥

4 Important note




20,5 5L oy

HANNAN PDF VIEWER

& *

oo (8185 &

> s adllae dols] 4 dms b 50 b sules ol © 6138 ailis 435 51 Wlgiee 5L &y 43 0yl

— + Automatic Zoom 3 MAdd Bookmark i W Add Important Notes

Am J Physiol Heart Circ Physiol 313: H620-H630, 2017.
First published June 23, 2017; doi: 10.1152/ajpheart.00167.2017.
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