Genetics In cardiac arrhythmias
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Experiment of inherited arrhythmia (1)
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Experiment of inherited arrhythmia (1)
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Cardiomyocytes iIsolation

Simplified Langendorf System

Reservoir
for perfusion solutions (collagenase)




Patch clamp (electrophysiologic study)




Inherited arrhythmias

* Long QT syndrome (LQTS)
e Short QT syndrome (SQTS)
* Brugada syndrome

« Catecholaminergic polymorphic ventricular
tachycardia (CPVT)



Long QT syndrome (LQTS)

Adapter protein

Normal

—— s

b

[-AR Arrhythmia

Catecholamings ——————————-

>



Short QT syndrome (SQTS)
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Brugada syndrome
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Catecholaminergic polymorphic
ventricular tachycardia (CPVT)
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Genes involved in inherited arrhythmias

Phenotype Gene? Protein Effect of mutation OMIM identifier®
LATS KCNQ1 (11p15.5) K* voltage-gated channel, KQT-like subfamily, Loss of function, reduced ks 607542
member 1 (Ky7.1)
KCNHZ (7q35) K+ voltage-gated channel, subfamily H Loss of function, reduced 152427
(eag-related), member 2 (K,11.1; HERG)
SCN5A (3p21) Nat* channel, voltage-gated, type V., Impaired inactivation, 600163
a subunit (Nay1.5) increased persistent fy
ANK2Z (4425) Ankyrin 2, neuronal Aberrant localization 106410
of ion transporters
KCNET (21q22.1) K* voltage-gated channel auxiliary subunit Reduced /s 176261
KCNEZ (21q22.1) K+ voltage-gated channel auxiliary subunit Reduced 603796
CAV3 (3p25) Caveolin 3 Increased persistent by 601253
SCN4B (11q23) Nat* channel, voltage-gated, type IV, f subunit Increased persistent 608256
SNTAT (20911.2) Syntrophin, a1 Increased persistent hya 601017
AKAP9(7q21) A kinase (PRKA) anchor protein (yotiao) 9 Reduced ks 604001
KCNJ5 (11q24) K+ inwardly rectifying channel, Reduced fach 600734
subfamily J, member 5 (Kir3.4)
Jervell and Lange-Nielson ~ KCNQT (11p15.5) K+ voltage-gated channel, KQT-like subfamily, Loss of function, reduced /. 607542
syndrome member 1 (Ky7.1)
KCNET (21q22.1) K+ voltage-gated channel auxiliary subunit Reduced /s 176261
Andersen syndrome KCNJ2 (17q23.1) K+ inwardly rectifying channel, subfamily J, Loss of function, reduced f; 600681
member 2 (Kir2.1)
Timothy syndrome CACNATC (12p13.3)  Ca2* channel, voltage-dependent, L type, Gain of function, increased L, 114205

a1C subunit (Cay1.2)



Genes involved in inherited arrhythmias

Phenotype Gene? Protein Effect of mutation OMIM identifier?
SQATS KCNQT (11p15.5) K+ voltage-gated channel, KQT-like subfamily, Gain of function, increased f; 607542
member 1 (Ky7.1)
KCNHZ (7q35) K+ voltage-gated channel, subfamily H Gain of function, increased f, 152427
(eag-related), member 2 (Ky11.1; HERG)
KCNJ2 (17q23.1) K+ inwardly rectifying channel, subfamily J, Gain of function, increased iy 600681
member 2 (Kir2.1)
CACNATC (12p13.3)  voltage-gated Ca?+ channel, Cay1.2 Loss of function, reduced f 114205
CACNBZ (10p12) Ca2+ channel, voltage-dependent, 2 subunit Loss of function, reduced I 600003
CACNAZD1 (7q21) Ca2t channel, voltage-dependent, «2/8 subunit 1 Loss of function, reduced ka 114204
BrS SCN5A (3p21) Na+* channel, voltage-gated, type V, Loss of function, reduced M 600163
a subunit (Nay1.5)
GPD1L (3922.3) glycerol-3-phosphate dehydrogenase 1-like Reduced ya 611778
SCN1B (19q13.1) Na* channel, voltage-gated, type I,  subunit Reduced ya 600235
SCN3B (11q23.3) Na+ channel, voltage-gated, type [Il, B subunit Reduced /h, 608214
MOG1 (17p13.1) RAN guanine nucleotide release factor Reduced fy, 607954
KCND3 (1p13.3) K+ voltage-gated channel, Shal-related subfamily,  Gain of function, increased k, 605411
member 3 (Kv4.3)
KCNE3 (11q13) K+ voltage-gated channel auxiliary subunit Increased ko 604433
KCNES (Xq22.3) K+ voltage-gated channel auxiliary subunit Increased ko 300328
CACNATC (12p13.3)  Ca?* channel, voltage-dependent, L type, Loss of function, reduced I 114205
a1C subunit (Cay1.2)
CACNBZ (10p12) Ca?* channel, voltage-dependent, B2 subunit Loss of function, reduced I, 60003
KCNJ8 (12p12.1) K+ inwardly rectifying channel, subfamily J, Gain of function, increased kare 600935
member 8 (Kir6.1)
CPVT RYR2(1q42.1) Ryanodine receptor 2 cardiac Gain of function, 180902
increased SR Ca® release
CASQ2 (1p13.3) Calsequestrin 2 cardiac muscle Loss of function, reduced I 114251
TRDN (6q22) Triadin Impaired regulation of 603283

SR Ca?t release



Experiment of inherited arrnythmias
with induced pluripotent stem cells
(IPSS)
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Modeling LOQTS with IPSs
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Modeling CPVT with IPSs
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Summary of studies with IPSs

Summary of studies of iPS-derived cardiomyocytes from patients with inherited arrhythmias

Phenotype N AP frequency MDP APA Maximal upstroke APD50 APDY0
(Hz) (mV) (mV) velocity (dV/dt) (ms) (ms)
Control cells
Woaorking 31 1.43 +0.11 -98+1.6 97 £ 2.7 44 + 6.7 145+ 16 211 £ 17
Ventricular 32  1.70x0.10 -B+12 104x£1.1 28 +4.8 414 + 22
Ventricular 37 0.73+0.04 -63 £1.7 88 + 2.6 241+ 15 320 £ 17
Ventricular 39  0.73+0.05 6315 86 +2.4 239+ 10 312 £ 11.20
Ventricular 40 1.004 -66+1.2 108x1.2 318+ 19 373 £ 22
Ventricular — NA 221 + 858 297 + 1188
Ventricular 60 046 +£0.10 57«10 1093 95+£1.8 308 + 248 436 + 238
Ventricular 13 1.2+ 010 —63+£1.3 11324 265+ 15 311+ 20
Ventricular 16 400 + 458
Ventricular 15
Ventricular g 1.00 -5 +3.0 252 + 208
Working 10  0.64 £0.06 -58 + 3.08 g9 + 36 6.20 +0.18 2018 £ 278
Patient-derived cells
Ventricular 36 1.004 67 £1.20 110+£1.3 481 + 33 554 + 35
Ventricular ~ NA 454 + 908 635+ 1198
Ventricular 58  0.26 £0.30 -55+2 1164 1M0M+1.3 440 + 96 864 + 88
Ventricular 13 0.90x0.10 -62+090 117x1.4 455 + 26 516 + 26
Warking 16 1,130 + 1508
Ventricular 16 1.004 79+ 2.708 234 + 218 293 + 236
Waorking 20 —-56 + 18 08 + 1.08 7.60 +1.28 368 + 418
Ventricular 24

Age
(d)

20-25
30-32
10/20/30
10/20/30
30-90
25-30

37
29
30-120
21

30-90
25-30

180
37
60-120
21
29

Syndrome

LQTT
LQT2
LQT2
LQT2
LQTS
AD-CPVT
AD-CPVT
AR-CPVT

LATT
LAT2
LAT2
LAT2
LATS
AD-CPVT
AD-CPVT
AR-CPVT

Reference

27
46
29
29
31
35
33
34
36
40
41
43

31
35
33
34
36
41
43
40

AExperiments with electrically stimulated cells (nonspontaneous beating). BData derived from graphs. AD, autosomal dominant; AR, autosomal recessive;
AP, action potential; MDP, maximum diastolic potential; APA, action potential amplitude.



R644C Mutation of Lamin A Causes
Cardiac Fibroblasts Senescence



Background

e Lamin A/C
* Nuclear membrane protein
* |t affects cell proliferation
* Mutation = cardiomyopathy, arrhythmia, progeria
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Lamin A, R644C mutation

>
R644C (24050 C>T) R644C (Arg>Cys)
- v - \ 4
Homo sapiens DNLVTRSYLLGN 650

Pan troglodytes DNLVTRSYLLGT 650
Macaca mulatta DNLVTRSYLLGN 712
Sus scrofa DNLVTRSYLLGN 650
Canis familiaris DNLVTRSYLLGS 651
Mus muluscus DNLVTRSYLLGN 651

Wild type allele RE44
LLG ‘\N\'\
WQ OF B
Mature LMNA ZMPSTEZ4
ZMPSTE24
Mutant allele CB44

Prelamin



Methods

We generated recombinant adenoviruses and
expressed Flag-tagged wild type Lmna (LmnaWT)
and mutant Lmna R644C in fibroblasts isolated from

mouse hearts.



Lamin A Mutation (R644C) decreases Cell Proliferation
In Mouse Cardiac Fibroblasts
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Cell Proliferation (Ki67 expression) is reduced
in Lamin A Mutation (R644C) In Mouse Cardiac
Fibroblasts
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Lamin A Mutation (R644C) causes Cellular Senescence

In Mouse Cardiac Fibroblasts
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Lamin A Mutation (R644C) causes Nucleus Blebbing
In Mouse Cardiac Fibroblasts
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Lamin A Mutation (R644C) causes prelamin expression
In Mouse Cardiac Fibroblasts

Ol R
\ ) -\ Wt R
e et v Y pn e yeet' o qed
75 =75
LmnaF'ag “ Prelamin -‘
LmnaFlay —75 L 75
kol — LmnaFles [ —

i 37 LmnaF'ay L 75
Emerin |+ S S S LmnaEndo w

. — 50 - 50
a-Tubulin — o-Tubulin M




Lamin A Mutation (R644C) reduces Rb phosphorylation
In Mouse Cardiac Fibroblasts
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Lamin A Mutation (R644C) causes
dissociation of binding proteins in Mouse Cardiac Fibroblasts
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Hypothesis
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L-type Ca?* channel activation by ROS-
iInduced activation of CaMKII.




Introduction
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Cardiac Myocyte

Facilitation

L-type Ca?* channel

Mechanism ?



CaMKIll ?

L-type Ca?* channel

1) ROS = CaMKIl

§ 4-(2212 +/CaM ﬁ +H202 % -Ca2 /CaM

Autoinhibited Ca2*/CaM-dependent Oxidation Oxidation-dependent
Activity Activity

2) CDF: CaMKIlI mediated reaction



Study Plan

ROS
« CaMKII
Ca2+
CDF

* Long term potentiation: LTP



Materials & Methods




Chemicals and Solutions

Normal Tyrode solution (mM):

Ca?*-free solution (mM):

The high K*, low CI- solution (mM):

The pipette solution (mM):

Drugs were prepared as concentrated stock solutions either in distilled
water or dimethyl sulfoxide.

All experiments were conducted at room temperature (22-257TC).



Cell Isolation

Sprgue-Dawley rat

collagenase
Langendorff



Voltage Clamp Recording & Analysis

« Patch pipettes borosilicate glass capillaries
pipette puller

3 to 4 MQ resistance

conventional whole cell
method.

10 min after

(22-257C)
Axopatch amplifier

A/D converter

R-clamp



Western Blot

e The removed rat heart was perfused with specific solutions
dependent on 4 each condition (+/- Ca%*, +/- H,0,) through
Langendorff system for 10 min.



Results




Action potential (AP) changes
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Spontaneous SR Ca?* spark
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H,O, increases phosphorylation of

CaMKIlI
HO, - + - +
Ca2' “+ + — -—

P-CaMKIl



H,O,induced APD prolongation is
mediated by CaMKI|

1 MM H,0. + 1 MM H.0,

il

e
K
8 S iy )

l

Time (min) Time (min)



CaMKIlI

Catalytki domain
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Mechanism of CaMKI|

Activation
c%g—) &

\
Catalytic activity

Y3



Activation of CaMKII

Autophosphorylation

P
§ +Caz’ICaM ﬁ +ATP Eg -Ca’*ICaM

Autoinhibited Ca?*/CaM-dependent Autophosphorylation Phosphorylation-dependent
Activity Activity
Oxidation
00
§ +Ca2*ICaM ﬁ +HzOz % -Caz*ICaM
Autoinhibited Ca2*/CaM-dependent Oxidation Oxidation-dependent

Activity Activity



Facilitation of I, , by H,0,
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Oxidation-dependent Facilitation of I, (ODF)
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ODF mediated by CaMKI|
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Occlusion of ODF with CDF
(Ca?* dependent facilitation)
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Ca?* Source of ODF & CDF
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Ca?* Source of ODF & CDF

ODF CDF
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Phosphorylation in ODF & CDF
(Autophosphorylation, Catalytic activity)
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Phosphorylation in ODF & CDF

ODF CDF
Alkaline phosphatase — *
AMP-PNP — *
CaM-=KIlINtide —A
AlP — *
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ODF; Autophosphorylation-independent non-catalytic reaction

CDF; Autophosphorylation-dependent non-catalytic reaction




The effects of kinase inhibitors related to
ROS on ODF
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Long term potentiation (LTP)
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The effct of DTT on LTP

Normalized 1

peak

Normalized I

30 40

Time(min)

O 60-
r |
2 40]
1]
£ 204
% ]
L0
g 1 1 DTT
X 204 prT  Aftertreatment
Pretreatment
a
—b
C
I."
0.5nA| '
100ms



Oxidation-dependent Autophosphorylation
of CaMKiII
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The New Mechanism
of CaMKII Activation

CaMKIl
( 8 +Ca ‘ICaM f; +H202
Autoinhibited Ca”/CaM-dependent Oxidation
Activity
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COCOCO — -

Phosphorylation-dependent Autophosphorylation Oxidation=dependent
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CaMKIl Oxidation alone in LTP
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SR Ca’* Dependency
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The Effect of Duration of H,O, Perfusion on LTP
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Activation of CaMKII
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Interaction of CaMKII & L-type Ca?* Channel
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The New Mechanism
of CaMKII Activation
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