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CLINICAL PERSPECTIVE

The congenital long-QT syndrome (LQTS) diagnosed at perinatal life and through infancy is associated with high
morbidity- and ‘mortality rates. However, data on the clinical presentation and genotype-phenotype correlation of this
youngest age group of LQTS are limited.- A nationwide survey was conducted in Japar, and 58 cases (18 fetuses, 31
neonates and 9 infants) were registered. Among them, the peak age at diagnosis was 0 to 2 days; and the 3 most frequent
clinical presentations included sinus bradycardia, ventricular tachycardia/torsades de pointes, and atrioventricular block:
The genotype was confirmed in 29 (71%) of 41 patients who underwent genotyping; the incidence resembled that of child
LQTS. Patients who presented with early-onset ventricular tachycardia/torsades de pointes and atrioventricular block were
almost exclusively those with LQT2 and LQT3 among the 3 major genes, but a considerable number’ of genetically
unidentified ones were included. Sudden cardiac death/aborted cardiac arrest were prevalent in the latter. LQT1 patients
tended to show only sinus bradycardia or positive family history of LQTS. These results mean that many life-threatening
episodes observed in early-onset LQTS. should be treated immediately and aggressively even without knowledge of the
genotype. On the other hand, the present study was encouraging in that the outcome of patients was favorable with multiple
pharmaceutical - agents, typically - with 'B-blockers, - mexiletine; and magnesium. and” with pacemaker - implantation/
implantable cardioverter-defibrillator, independent- of the genotype. Further application of gene testing is needed: to
establish the most appropriate genotype-specific strategy for these patients.
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Abstract A repolarizing conduction in the heart augmented
by hyposmotic or mechanically induced membrane stretch is
the slow component of delayed rectifier K current (Jks). Igs
upregulation is recognized as a factor promoting appearance
of atrial fibrillation (AF) since gain-of-function mutations of
the channel genes have been detected in congenital AF.
Mechanical stretch activates angiotensin II type 1 (AT,)
receptor in the absence of its physiological ligand angioten-
sin II. We investigated the functional role of AT, receptor in
I enhancement in hyposmotically challenged guinea pig
atrial myocytes using the whole-cell patch-clamp method. In
atrial myocytes exposed to hyposmotic solution with
osmolality decreased to 70% of the physiological level, Iy
was enhanced by 84.1%, the duration of action potential at
90% repolarization (APDgq) was decreased by 16.8%, and
resting membrane potential was depolarized (+4.9 mV). The
hyposmotic-induced effects on Jx, and APDgyy were signif-
icantly  attenuated by specific AT} receptor antagonmist
candesartan (I and 5pM). Pretreatment of atrial myocytes
with protein tyrosine kinase inhibitors tyrphostin A23  and
A25 suppressed but the presence of tyrosine phosphatase
inhibitor orthovanadate augmented hyposmiotic stimulation
of I, The above results implicate AT receptor and tyrosine
kinases in the hyposmotic modulation of atrial Jx; and
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suggest acute antiarrhythmic properties of AT antagonists in
the settings of stretch-related atrial tachyarrhytbmias.
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Introduction

Cardiac electrical activity, a result of ionic fluxes through
the sarcolemma, initiates contraction of cardiomyocytes
through a process known as excitation—contraction cou-
pling [2]. Conversely, mechanical forces acting on the heart
chambers during every heart cycle continuously influence
electrical processes: a phenomenon recognized as mechano-
electric feedback, which in certain pathophysiological
circumstances could generate arrhythmia [34].

It has been found that electrical disturbances in the atria
could be either a result or a factor initiating atrial enlargement,
particularly in' the most frequently encountered sustained
arrthythmia—atrial_ fibrillation (AF): [20, 30, 41]. Common
cardiovascular diseases creating substrate for AF. (systemic
hypertension, heatt failure, valvular disease) produce dilation
ot stretch of the atria—processes considered now an integral
part of pathogenesis and atrial remodeling in the course of
AF [1, 29].

In the settings of ischemic heart disease and spontaneous
or therapeutic reperfusion, mechanical forces could be
imposed on cardiomyocytes of the affected myocardial area
due to an increased intracellular osmolality and subsequent
cell volume changes. As significant variations of the volume
of cardiomyocytes are deleterious, the cells activate sophis-
ticated machinery to maintain their homeostasis: a process
that includes iori movement through a number of channels and
transporters thus affecting cardiac electrophysiology [9; 47].
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Major repolarizing conductance in atrial and ventricular
myocytes of human or other mammalian origin is slowly
activating component of the delayed rectifier potassium
current (Ix,) [23, 48]. It has been demonstrated that g is
upregulated by stretch or swelling of cardiomyocytes [42,
49]. Nevertheless, the underlying transduction mechanisms
of this modulation are poorly understood. In canine and
guinea pig ventricular myocytes, it is dependent on activity
of protein tyrosine kinases (PTK) {26, 53], although it is
not the case in COS7 mammalian cell line [22]. Current
produced by reconstituted a-subunit of human Iy, channel
(KCNQI) in Xenopus oocyte was reliant on intact actin
cytoskeleton for swelling-triggered stimulation [16].

Furthermore, malfunction of [, channel was implicated
in pathogenesis of AF since gain-of-function mutation of
KCNQ1 gene (S140G) was found in a family with autosomal-
dominant hereditary AF [7]. Association between atrial
stretch, Ixg, and AF arrhythmogenesis was further highlight-
ed by discovery of stretch-sensitive KCNQI mutation
(R14C) in a different family with congenital AF. Only
KCNQI-RI4C carriers with dilated atria developed the
arrhythmia, and current recorded from KCNQ1-R14C chan-
nels expressed in mammalian cell line possessed enhanced
sensitivity to hyposmotic-induced cell swelling in contrast to
the wild-type KCNQ1 [31].

Renin—angiotensin system (RAS) maintains physiologi-
cal integrity and also participates in pathogenesis of
common disorders of cardiovascular system [43]. RAS is
intimately  incorporated into AF pathogenesis as its long-
term stimulation provides substrate (fibrosis) for AF devel-
opment, and activation of angiotensin II type 1 (AT,)
receptor-coupled pathways is essential for atrial remodeling
after 'AF appearance [15]. In addition to angiotensin I,
stretch also upregulates the upstream components of RAS
in cardiomyocytes [24]. Moreover, AT, receptor, unlike
other G protein-coupled receptors, appears to be one of the
cellular stretch sensors. It has been found that mechanical
stretch' is sufficient stimulus for activation of ATy receptor
and a number of coupled transduction pathways in the absence
of its physiological ligand—angiotensin II [51, 54].

Based on the above facts, purpose of the present study was
to investigate the potential role of AT receptor in membrane
stretch-induced Jiz, modulation in cardiac atrium and to make
attempt to define underlying signaling mechanisms.

Materials and methods

Isolation of guinea pig atrial myocytes

The experimental procedures were conducted in accordance
with the guidelines established by the ‘Animal Care and

Use Committee: of Shiga University of Medical Science

_@_ Springer

(Shiga, Japan). Single atrial myocytes were enzymatically
dissociated from adult Hartley guinea pig hearts using a
retrograde Langendorff perfusion method as has been
described [11].

Solutions and chemicals

Normal Tyrode solution contained (in mM): 140 NaCl, 5.4
KCl, 1.8 CaCl,, 0.5 MgCl,, 0.33 NaH,P0,, 5.5 glucose,
and 5.0 4-2-hydroxyethyl-1-piperazineethanesulfonic acid
(HEPES), pH was adjusted to 7.4 with NaOH. The
isosmotic extracellular solution used for whole-cell I,
recording was normal Tyrode solution supplemented with
0.4uM nisoldipine (a generous gift from Bayer AG,
Wauppertal-Elberfeld, Germany) and 5puM E-4031 (Wako,
Osaka, Japan). The hyposmotic extracellular solution was
prepared by simply reducing the NaCl concentration to
100 mM in the above solution. The osmolality of isosmotic
and hyposmotic solution, measured using a freezing point
depression osmometer (Fiske OS™, Friske Associates,
Massachusetts, USA) averaged ~285 and ~210 mOsmv/kg,
respectively. Agents added to the external solutions included
bisindolylmaleimide I (BIS I), PD98059 (Sigma, St Louis,
MO, USA), candesartan (a generous gift from Takeda
Pharmaceutical Chemical Industries, Osaka, Japan), U73122
{(Wako, Japan), angiotensin 1T (human), AG 18 (tyrphostin
A23), AG 82 (tyrphostin A25), AG 9 (tyrphostin A1), AG 490
(tyrphostin B42), PP2 (4-amino-5-(4-chlorophenyl)-7-
(t-butyl)-pyrazolo[3,4-d]pyrimidine), Y-27632 ((R)-(+)-
trans-N-(4-pyridyl)-4-(1-aminoethyl)-cyclohexanecarboxa-
mide), all purchased from Calbiochem, San Diego, CA,
USA. Prior to some experiments, atrial myocytes were
incubated in normal Tyrode solution with rabbit polyclonal
IgG antibody raised against amino acids 15-24 within the
NHj;-terminal extracellular domain of human AT receptor
(N-10: sc-1173, Santa Cruz Biotechnology, CA, USA) or
normal rabbit IgG (sc-2027, Santa Cruz Biotechnology).
Both IgG: were applied at concentration of 4pug/ml for
30 min before electrophysiological recordings.

The. control pipette ‘solution. contained (in mM): 70
potassium aspartate, 50 KCI, 10 KH;POy, 1 MgSOy, 3 Na,-
ATP, 0.1 Liy-guanosine triphosphate (GTP), 5 ethylenegly-
coltetraacetic acid, and 5 HEPES, pH adjusted to 7.2 with
KOH. In a set of experiments, internal solution was
supplemented with 500 uM sodium othovanadate (Sigma),
or Li,-GTP (0.1 mM) was replaced with 2 mM Li;-GDP{S
(Roche Diagnostics GmbH, Mannheim, Germany).

Electrophysiology
Isolated atrial myocytes were current- and voltage-clamped

using. the standard. whole-cell’ patch-clamp technique.[18]
with an EPC-8 patch-clamp amplifier (HEKA, Germany).
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Signals were low-pass filtered at 5 kHz, acquired at 2 kHz
through a LIH-1600 analog-to-digital converter (HEKA)
and stored on hard disc drive, using PATCHMASTER
software (HEKA). Borosilicate glass electrodes had a
resistance of 2.5-3.5 MQ when filled with the pipette
solution. Jx, was elicited by various depolarizing test
potentials given from a holding potential of —50 mV, a
voltage that inactivated Na” current (ly,). L-type Ca**
current (/c,1) and rapid component of Iy (k) were
blocked by externally added 0.4 uM nisoldipine and 5uM
E-4031, respectively. Action potentials were evoked in
current-clamp mode at a rate of 0.2 Hz by suprathreshold
current pulses of 2-5 ms duration applied via the patch
electrode. The action potential duration was measured at
90% repolarization (APDgg). All experiments were per-
formed at 36+1°C. Voltage dependence of Ik activation
was evaluated by fitting the current—voltage (I-V) relation-
ship of tail currents to the Boltzmann equation: Jx i =
Inax [ (1 + exp((Vij2 — V) /K)), where Icpq is the tail
current amplitude, I,.c is fitted maximal tail current
amplitude, Vi, is the voltage at half-maximal activation,
Vi, is the test potential, and k is the slope factor. Deactivation
kinetics of Iy was examined by fitting the time course of the
decaying tail current to the sum of two exponential
functions: I gy = Ay exp(—1t/7¢) + As exp(—t/7s), where
Ay and A, represent amplitudes, and 7¢ and 7 titne constants
for the fast and slow components, respectively. Cell
membrane capacitance (C,) was calculated on the basis of
the capacitive transients during 20 ms voltage-clamp steps
(5 mV), using the equation Cy, = tcly/ AVl — I/ D),
where 7¢ is the time constant of the capacitive transient, /y is
the initial  peak current amplitude, I is. the steady-state
current value, and AV, is the amplitude of the voltage step
(5 mV). Variations of Ix¢- amplitude: in the presence of
different: reagents- were determined -by: measuring - the
amplitude of tail currents ¢licited upon repolarization: to. a
holding potential of =50 mV. following 2 s depolarization to
+30 mV every:10 s:

Light microscopy. images of atrial myocytes were taken
by a charge-coupled device (CCD) camera (Ds-Fil, Nikon,
Tokyo, Japan) mounted on an inverted microscope (Eclipse
TE2000-U" Nikon), ‘and length: and width: of myocytes
were. measured using ‘a Nikon: DS:L2' camera control
unit, In ~10% of cases; atrial myocytes swelled spontane-
ously in isotonic conditions; or hyposmotic: challenge did
not produce any “effect on' myocyte volume. The -data
obtained from these myocytes were not included in the
analysis.

The period of exposure to various reagents is denoted by
a horizontal bar:in. the figures;: and the original current
traces recorded at a time pointed by arrows are illustrated in
the inset. The zero-current level is indicated on the left of
current traces by a horizontal line.

Immunostaining of AT, receptor

Isolated atrial myocytes were immobilized on glass cover-
slips with biological glue Cell-Tak™ (BD Biosciences, NJ,
USA), fixed with 4% paraformaldehyde in phosphate-
buffered saline (PBS), washed with 1% glycine/PBS and
PBS, then blocked/permeabilized with PBS containing 10%
BSA and 0.2% Triton X-100. The cells were subsequently
incubated in the blocking/permeabilizing solution with
rabbit polyclonal anti-AT; IgG antibody (Santa Cruz
Biotechnology, 1:1,000) at room temperature for 30 min
and at 5°C overnight. The cells were then washed with PBS
and incubated with Alexa Fluor 546-conjugated goat anti-
rabbit IgG (1:1,000) at room temperature for 3 h. After
washing with PBS, each cover slip was mounted on a glass
slip in"a 1:1 solution of PBS/glycerol. Fluorescent signals
were detected with a confocal laser-scanning microscope
(LSM META 510, Carl Zeiss, Germany) with a x60 oil
immersion objective (Carl Zeiss, Inc.), 543 nm excitation
filter, and 560 nm long-path emission filter. Exactly the same
procedure was repeated with normal rabbit IgG (Santa Cruz
Biotechnology, 1:1,000) for negative control experiment.

Statistical analysis

All presented values are mean+SEM. A statistical differ-
ence between two groups of numerical data was determined
by paired or unpaired Student’s ¢ test and one-way analysis
of variance followed by Dunnett or Tukey post hoc analysis
in the case of multiple comparisons. A value of P<0.05 was
considered statistically significant.

Results

Hyposmotic challenge upregulates Ik, in guinea pig atrial
myocytes

Figure- 1 -summarizes hyposmotic:: cell swelling-induced
regulation of - guinea  pig - atrial J¢;.- Exposure of - atrial
myocytes® to: hyposmotic solution (Hypo-S) markedly- in-
creased the amplitude of Ik, at all test potentials (Fig. 1a; b),
and magnification of tail currents after +30 mV depolariza-
tion: {the test potential used consistentlyin: this study for
evaluation of the effects of ‘various drugs and solutions on
I¢,) was measured to be 84.1£8.2% (n=12). For assessment
of Ix, amplitude; we quantified. tail currents because they
reflect - the  exact ‘degree of Ix. activation' by preceding
voltage-clamp: command:

To' clucidate whether hyposmotic: stimulation  shifted
voltage: dependence: of Iy, activation,- the average ampli-
tudes of tail currents elicited after depolarizations between
—40 and +50' mV (10 mV increment): were fitted with the
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Fig. 1 Hyposmotic swelling-induced enhancement of I in guinea
pig atrial myocytes. a Family of I, traces, evoked by 2-s depolarizing
steps given from a holding potential of —50 mV to potentials ranging
from —40 to +350 mV (voltage-clamp protocol is drawn in the insef) in
isosmotic solution (Iso-S) and after 3 min exposure to hyposmotic
solution (Hypo-S). b I-V relationships for mean amplitude of /i tail
current (expressed as current density) recorded under isosmotic
conditions (open circles) and during exposure to Hypo-S (filled
circles). Smooth curves through the data points denote the least-

Boltzmann equation (Fig. 1b). Mean half-activation voltage
(V12) and slope factor (k) of the fitting curves for Iy in
contro! isosmotic solution (Iso-S) were 8.2+0.8 and 11.6%
0.6 mV, respectively, vs. 4.7+0.9 and 14.5+0.7 mV in
Hypo-S exposed cells (n=12). There was no significant
difference in the values of ¥V, (P=0.89) and k (P=0.93)
between isosmotic and hyposmotic conditions suggesting
that Hypo-S had little effect on the voltage dependence of
Iy, activation. Correspondingly, the kinetics of Ik deacti-
vation in the cells exposed to Hypo-S was similar to that in
the cells superfused with Iso-S: fast and slow time constants
for decaying tail currents, respectively, were 94.9+9.1 and
299.5+28.3 ms (Iso-S) vs. 101.7+6.5 and 347.8+38.7 ms
(Hypo-S, n=14, P>0.05; not shown).

The atrial myocytes responded to hyposmotic challenge
with a significant increase in the cell width (10.0£0.4 im in
Iso-Sand 12.040.5um: after 5 min in Hypo-S, n=14, P<
0.05) but not with substantial change in the cell length
(120.4+6.6 and- 119.8+6.5um in the same order; n=14,
Fig.” lc, d). This observation was in agreement with: the
reported descriptions of hyposmotic: cell swelling in atrial
myocytes of different mammalian species [38; 40]. On the
other hand; average cell membrane capacitance; measured
in: 34 atrial myocytes; was identical in Iso-S and Hypo-S:
45.3+3.4 and 44.6::3.7 pF, respectively (P>0.05).
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squares fit with the Boltzmann equation, yielding ¥/, and £ (see text).
No significant shift in voltage dependence of [, activation was
measured. Right panel presents the same /-F relation when the values
were normalized to the maximal current. Solid and dashed lines
connect points of half-activation voltages on the fitting curves and
their respective values on both axes. ¢ CCD camera images of whole-
cell patch-clamped guinea pig atrial myocytes, taken before and after
S min exposure to Hypo-S. d Mean effect of Hypo-S on myocyte
width (leff) and length (right)

Candesartan and anti-AT,; receptor antibody attenuated
hyposmotic ¢ activation

It is generally accepted that hyposmotic swelling imposes
mechanical forces on the cell membranes in many different
types of cells-including cardiac myocytes [47]. Membrane
stretch - activates:: ATy receptor without the presence of
angiotensin IE [S1, 54]. Therefore, we:- examined whether
Ik, increase observed ~during hyposmotic- cell swelling
would. be affected by pharmacological blockade of AT,
receptor: In the experiment shown in Fig. 2a, atrial myocyte
was initially superfused with Iso-S containing ATy antag-
onist candesartan (1 pM) for 10" min. Subsequent exposure
of ‘the cell: to Hypo-§S in the continuous: presence of
candesartan- resulted in a much smaller enhancement of
L. Figure 2b - illustrates -V relationships < for I tail
currents recorded in candesartan-supplemented: Iso-S and
Hypo-S. The degree of swelling-induced I, increase at test
potential "of +30 mV' in  the preseice - of : | "and: S5puM
candesartan averaged 48.0+4.1% (n=10) and 47.2+2.7%
(n=9), respectively: the values were significantly: smaller
than measurements: in- the absernice of candesartan (84.1+
8.2%, P<0.01; Fig.-2c). These results provide an evidence
that restraining the transition of ATy receptor: to .the
membrane stretch-produced - active . conformation : could
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Fig. 2 Attenuation of i response to Hypo-S by ATy receptor
antagonist candesartan. a The atrial myocyte was initially superfused
with control Iso-S containing 1M candesartan for 10 min and then
with Hypo-S in the continuous: presence of candesartan. Ix; was
activated by depolarizing: voltage-clamp steps to: test potentials
between —40 and +50- mV. b [-F relationships’ for mean [ tail
currents recorded during superfusion: with isosmotic and hyposmotic
external solutions in the continuous presence of 1 pM candesartan (n=
13). Data points were fitted with the Boltzmann equation, yielding
Vi of 6.0+£0.8 mV and k of 13.6+0.8 mV for Iso-S and ¥, of 4.6+
1.1 mVand % of 12.1=0.6 mV for Hypo-S. There were no significant
differences in ¥y, and k values between Iso-S and Hypo-S. ¢ Graph
summarizing the percentage of Iy tail current increase induced by
Hypo-S without and with AT, receptor antagonist candesartan (1 and
SuM, abbreviated “Cand’); P<0.05 vs. drug-free (control) Hypo-S

suppress considerably Ik, modulation during hyposmotic
cell swelling,

Richards et al. [36] have shown: that anti-AT| receptor
antiserum was able to prevent effectively the physiological
action of angiotensin IT mediated through AT receptor. We
examined whether the interaction between ATy receptor and
anti-AT receptor IgG antibody (AT-IgG, see “Materials and
methods™) could also antagonize I modulation by hypo-
smotic challenge.. To demonstrate clearly the. specific
effect of AT¢-IgG, we at the same time conducted experi-
ments: with: Iso-S: and’ Hypo-S- containing: unspecific 1gG
(negative control experiment). Average swelling-induced
Ixs upregulation- was not affected significantly by un-
specific. IgG in the test solutions (73.2+5.8% vs. 84.1+
8.2% in IgG-free solutions; P>0.05; Fig. 3a, ¢). However,
in atrial myocytes preincubated with AT,-IgG (Fig. 3b, ¢),
Hypo-S: produced. only: 38.9£5.7% increase of Iy tail
amplitude: a significantly smaller enhancement: than: that
in IgG-free or unspecific IgG-containing solutions. Inter-
action:’ between AT receptor. ‘and = AT;-IgG- suppressed
hyposmotic response of [y in-a way comparable to the

pharmacological block of the receptor with candesartan
(Figs. 2¢ and 3c¢).

Single atrial myocytes loaded with unspecific IgG or
AT,-IgG were immunostained with secondary anu-IgG
antibody labeled with Alexa Fluor 546 (see “Maierials
and methods”) and then analyzed with fluorescence and
differential interference contrast (DIC) microscopy. There
was no detectable fluorescence in the images recorded with
nonspecific IgG (Fig. 3d), but fluorescent signals were
observed in the periphery of the cells treated with AT,-IgG
(Fig. 3e), indicating the presence of AT, receptors in the
plasma membranes of guinea pig atrial myocytes.

Repeated hyposmotic challenge of the same atrial myocyte

According to the data reported by Sasaki et al. [42], Ji,
response to Hypo-S reaches a maximum within 1 min and
reverses completely with similar to the onset time course
after switching back to Iso-S. In addition, we found that
second exposure to Hypo-S in an interval of 4-6 min
augmerted Ji, equally to'the initial application (Fig. 4a).
The last observation allowed us to compare the degree of
Ik enhancement by Hypo-S before and during superfusion
with AT receptor antagonist candesartan in the same atrial
myocyte. Figure 4b shows a typical experiment: the atrial
myocyte was exposed twice to Hypo-S, initially without
and then with 1M candesartan, The drug significantly
reduced the degree of Iy, increase during the second
exposure to Hypo-S by 31.7%4.1% (n=16, P<0.05 vs. the
first Iy enhancement; summarized in Fig. 4b, right panel).
These results confirmed again that AT, receptor activation
participated in [ regulation after hyposmotic swelling of
guinea pig atrial myocytes.

K¢, modulation in the presence of angiotensin II

The experimental results shown so far propose that AT,
receptor is essential part: of transduction mechanisms that
enhance fi, after- hyposmotic cell swelling in. guinea pig
atrial myocytes (Figs. 2, 3, and 4); We have found that in the
same: cardiac cells, stimulationi of ATj receptor with - its
physiological ligand angiotensin I potentiated I, through
the G protein—phospholipase C (PLC)-protein: kinase C
(PKC) pathway [52]:-To examine the possible involvement
of ‘common  receptor and/or “postreceptor . signals: in " the
angiotensin II- and Hypo-S-induced regulation of I, we
measured the extent of I, response to Hypo-S in the
presence of angiotensin 1. In' the experiments like the one
shown in Fig. dc, initial administration ‘of Iso-S containing
300 nM angiotensin II (the maximally effective concentra-
tion) enhanced K by 57.9+10.3% (n=9), approximating the
results ‘already: reported [52]. In the continuous presence of
angiotensin II; bath solution was then switched to Hypo-S,
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Fig. 3 Suppression of I modulation by IgG targeting AT, receptor.
a Representative time course of changes in the amplitude of Jx, tail
current during exposure to Hypo-S in atrial myocyte pretreated for
30 min with unspecific (control) IgG at concentration 4ug/mi. Traces
indicated with arrows are shown superimposed in the inset. b Similar
to a experiment, but guinea pig atrial myocytes were preincubated
with anti-AT, receptor IgG antibody (4 ug/ml). ¢ Summary bar graph
of average Ix, tail increase in IgG-free Hypo-S, in Hypo-S
supplemented with' control IgG; and in Hypo-S' containing anti-AT;

which further augmented I, by 45.0+5.3% (n=9). How-
ever, the magnitude of this hyposmotic /i, regulation was
significantly smaller than that induced by Hypo-S in the
absence of angiotensin IT' (84.1:£8.2%, P<0.05; Fig. 4c).
Besides, the sum of [x,-enhancement ¢voked by initial
application of ‘angiotensin Il "and' subsequent. exposure: to
Hypo-S (99.5+17.2%; n=9) was not statistically latger than
the degree produced: by Hypo-S alone (P=0.42; Fig. 4c).
Taken together, these results: imply that some. signaling
molecule(s) mediating hyposmotic g increase was activated
during initial application of angiotensin II and are consistent
with the results supporting the involvement of AT; receptor
in Hypo-S-induced I modulation.

Activation of ATy receptor—G protein—PLC~PKC pathway
was not essential for hyposmotic I increase

To examine whether the: cell swelling- and angiotensin II-

induced activation of AT; receptor share the same intracel-
lular: ‘pathway(s) to enhance Igs, we tested -the effect of
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receptor antibody. Only specific - AT -receptor antibody prevented
significantly Iy modulation: d, e Fluorescence, DIC, and merged
images from guinea-pig atrial myocytes treated with control and anti-
AT, receptor 1gG, respectively, and immunostained with Alexa Fluor
546-1abeled secondary antibody: Fluorescent signal could be detected
from cells treated with anti-AT; receptor antibody (e) but not with
control IgG (d) illustrating specific binding of the anti-AT receptor
1gG and the presence of AT receptor in the membrane of atrial
myocytes

pharmacological blockade of G proteins, PLC and PKC.
Figure 5 demonstrates typical examples of I, response to
Hypo-S+ in atrial ‘myocytes: dialyzed: internally - with G
protein inhibitor GDPSS; 2 mM (Fig. 5a) or PLC blocker
U73122, 3uM (Fig. Sb) and in-the cells superfused with
PKC inhibitor BIS I, 200 nM (Fig. 5¢). Summarized data in
Fig. 5d illustrate that none" of these: interventions signifi-
cantly affected ‘the extent of Ix; regulation' by Hypo-S.
Average ‘increase of Iy, tails in the presence of GDPJ3S,
U73122, and BIS I'was 67.4+£4.3% (n=21), 90.2+7.1%
(n=10); and 77.0£5.1% (n=10), respectively. G proteins—
PLC-PKC cascade did not appear to be critical signaling
pathway' linking AT receptor activation and Iy, increase
during hyposmotic cell swelling.

PTK activity is'necessary for hyposmotic-induced fi;
regulation

It has. been: found that activation of PTK is'among. the
earliest responses to hyposmotic volume increase in various
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Fig. 4 I, regulation (i) during repetitive application of Hypo-S and the bar graphs (a and b) are normalized to the mean Iy, increase
(ii) after pretreatment with angiotensin II. a Typical time course {/eff) during first Hypo-S administration. ¢ Time course of Jk; tail amplitude
and bar graph outlining the mean values (right) of the changes in the during exposure to Hypo-S in the continuous presence of 300 nM
amplitude of Ji, tail current during the first and second exposures to angiotensin II (JefY). Pretreatment with angiotensin II significantly
Hypo-S in the same atrial myocyte. b Pretreatment with AT receptor reduced hyposmotic modulation of fx, from 84.1+£8.2% to 45.0+
blocker candesartan (1 uM) following initial exposure and withdrawal 5.3%, P<0.05, although the combined increase (bar named “Total” in
of Hypo-S produced smaller I current response in the course’ of the right panel of ¢y was comparable to that in drug-free solution,
second hyposmotic challenge. Representative time course of Jfx: tail 99.5£17.2% (P>0.05- vs.- control- enhancement):. These. results
current amplitude is shown on the lefi.. Candesartan inhibited: Ji suggest that common transduction mechanism was partly shared between
enhancement with 31.7+4.1% (n=16, P<0.05, right). The values in the two I, regulatory signals—angiotensin II and hyposmotic stress

types of cells as well as in cardiomyocytes [8, 39]. PTK are  swelling of the myocytes elicited smaller. increase of Jx
large family -of kinases: with: broad functions including  current: 42.0%9.5% (n=13) and 52.7+4.7% (n=12), re-
regulation of ion channels [10]. PTK are related to Jx,  spectively (P<0.05 vs. 84.1£8.2% in Is0-S). None of these
current modulation during hyposmotic-induced swelling in  actions were found when inactive analog tyrphostin A1 was
canine: and. guinea pig ventricular myocytes [26, 53] and  used. (fx¢ was enhanced by 72.3£7.7%, n=8; P>0.05 vs.
sophisticated network of signaling coupled to ATj receptor  increase in Iso-S; Fig. 6c).

includes various PTK (such as c-Src, focal adhesion kinase, Described reduction of Ix, enhancement by PTK block
Janus kinases)-[45]. Therefore; we investigated the effect of  implies  that inhibition -of protein- tyrosine phosphatases
PTK inhibitors tyrphostin. A23- and A25 on the hyposmotic  (PTP) is expected to have opposite effect or at least to delay
Iy, increase in guinea pig atrial myocytes. Tyrphostins'A23  the recovery of current-amplitude after readministration of
and: A2S had  dual-effect on' Iy, tail current amplitude  Yso-S. PTP inhibition by orthovanadate (500 M) loaded into
(Fig. 6a; b). Following initial application, fi, 'was down- - atrial. myocytes: through the. pipette solution altered hypo-
regulated by 58.7+4.1 % (n=13).and 55.1£3.5% (n=12),  smotic Jx; modulation in several ways (Fig. 6d): orthova-
respectively; P<0.05 (similar to the observations of Missan ~ nadate (1) elevated basic Jx, current amplitude with 53.0+
et al. [26]). In the presence of tyrphostin. A23 and A2S5, 17.9% - (n=4,. P<0.05), (2) augmented: Hypo-S-induced
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Fig. 5 Investigation of G protein—phospholipase C-protein kinase C
pathway. a, b Typical time courses of Ix, tail current increase by
Hypo-S when the atrial myocytes were perfused with intracellular
solution supplemented with G protein blocker GDPSS (2 mMj) or PLC
inhibitor U73122 (3uM), respectively. ¢ Mean current—voltage
relationship of [, tail currents before and during hyposmotic
challenge in the presence of PKC inhibitor BIS T (200 nM) in the

stimulation of i, to 124.6+£10.6% (n=8, P<0.05), and (3)
significantly decreased the recovery rate of tail current
amplitude after Hypo-S withdrawal. Kinetics of recovery
was evaluated by fitting the time course of tail amplitudes
to a single exponential function starting from the point of
readministration of Iso-S (Fig. 6d, inset). Time constants
were 1.8+0.2's (n=8) and 7.1+0.3 s (n=7) in control state
and after PTP inhibition, respectively, P<0.05. Figure 6e
outlines the mean values of [ magnification in the course
of inhibition of PTK and PTP.

We made an’ attéempt to identify specific PTK or PTK-
associated transduction’ that might mediate I, stimulation
and 'is- downstream of - AT receptor. Src-PTK regulates
volume-sensitive chloride current in human atrial myocytes
and- in rabbit ventricular myocytes  [4, 13]. ‘One of the
mitogen-activated protein kinases (MAPK) named extra-
cellular signal-regulated kinase (ERK) is stimulated' during
stretch [37, 54]: ERK is known to be specifically activated
by MAPK/ERK' kinase (MEK), atyrosine and threonine
protein kinase [37]. Inhibition ‘of Src¢ and MEK in guinea
pig atrial myocytes by 10puM PP2 [4] and 20 uM PD 98059

31, respectively, did not affect swelling-induced Ik inicrease
(Fig. 69).

Tyrosine kinase JAK-2 is coupled to AT, receptor

stimulation [25] and is also activated by stretch [54]. JAK-2
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bath solution. Smooth curves are fit to the Boltzmann equation.
Average Vi and k in Iso-S were 52407 and 11.4+0.5 mV,
respectively, vs. 4.5+1.3 and 13.0£1.0 mV in Hypo-S. There was
no significant difference between corresponding values in Iso- and
Hypo-S. d Summary of experiments shown in a—c. Modulation of /i
tail amplitudes in the presence of GDPAS, U73122, and BIS I was
similar to that in control conditions (see text)

inactivation by tyrphostin B42 [50] in our experiments did
not have significant effect on Iy, modulation (Fig. 6f).

Activation of RhoA small GTP binding proteins and
RhoA-associated coiled  coil-containing kinase (ROCK)
signaling could be stretch-induced phenomenon [44]. In
addition, RhoA/ROCK pathway is involved: in regulatory
volume  decrease ‘responses, [32] and RAS: can- activate
RhoA/ROCK [12]. Nevertheless, in guinea pig atrium,
selective ROCK antagonist Y-27632 at concentration
10pM had no intluence on Hypo-S-related Ik, modulation.
The mean values of swelling-induced Ik tail currént increase
during exposure of myocytes to PP2; PD 98059, tyrphostin
B42; and Y-27632 are presented in Fig. 6f.

Candesartan attenuated swelling-induced action potential
shortening

All transsarcolemmal ionic conductances are integrated into
the action” potential, the trace presenting voltage change
during depolarization and" repolarization of cardiomyocyte
membrane. Mechano-electric - feedback ' process “during
stretch and swelling affects’ key ion channels and trans-
porters [47]; and therefore, alterations in atrial and ventricular
action “potential shape -have been reported [6,° 21, 33].
Figure 7a shows typical results in our experimental settings.
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Fig. 6 Protein tyrosine kinase activity and g, modulation. a, b
Effects of PTK inhibitors tyrphostin A23 and A25 (each at 20uM) on
I, tail amplitude and hyposmotic modulation. Tyrphostin A23 and
A25 initially diminished ¢, amplitude, and following hyposmotic
challenge evoked weakened Iy, response. ¢ lnactive analog tyrphostin
Al (20uM), on the other hand, did not produce significant changes in
Iy amplitude or hyposmotic stimulation. d Representative experiment
with intracellular orthovanadate (500uM) demostrating (1) the
increase: of basic level of [y tail currént; (2) enhancement of
swelling-induced response, and (3) slowing down the rate of recovery
of I tail amplitude upon return to-180-S. Inser shows initial 3 min
fraction of average time courses of Ji; tail amplitudes from the point
of discontinuation of Hypo-S. Values are normalized to the maximal
K, amplitude and fitted to the single exponential function. Kinetics

Hypo-S-induced. swelling - of - guinea: pig atrial -myocytes
abbreviated APDgy from: 114.1£8.3 ms to: 95.0£6.4- ms
(n=9, P<0.05) and depolarized resting membrane: poten-
tial from =79.4£0.2 to ~74.5£0.6 mV- (1=9, P<0.05).
We tested the effect of AT receptor blocker candesartan
during hyposmotic challenge: of atrial myocytes: (Fig.:7b).
When myocytes were pretreated with 1 uM candesartan for
4-6 min, reduction of APDgq was decreased from 16.8+
1.3% to9.08+1.5%. (P<0.0001). In the presence of
candesartan, APDy, before and-after application: of Hypo-
S was 115.147.3 and 103.7£5.9 ms, respectively (n=18,
P<0.05). Resting membrane potential, however, was depo-
larized to-a similar: degree as control: from ' =79.4£0.1 to
~76.0+0.3 mV (n=18, P<0.05). Figure:7a, b shows typical
action potential traces in control state and in the course: of
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was significantly slower when orthovanadate was used (see text). e
Summary of mean fi, current activation by Hypo-S in the course of
action of PTK inhibitors, inactive analog tyrphostin Al, and PTP
inhibitor. Mean amplitudes are compared to control /i, increase in
drug-free Hypo-S. P<0.05 for tyrphostin A23, A25 and orthovanadate
(abbreviated “OrthoV”) vs. drug-free Hypo-S. f Bar graph of average
Iy, tail increase in the presence of pharmacological inhibitors of Sre-
PTK (PP2, 10uM), MEK (PD98059, 20uM), JAK-2 (tyrphostin B42,
20uM), and RhoA kinase (Y-27632, 10uM). Ik, tail current was
augmented by 102.1£17.1% (n=4), 66.1+3.4% (n=6), 82.9£8.7%
(n=12), and 73.3+4.9% (n=14), respectively. These values were not
statistically different from the control increase of 84.1£8.2% in
drug-free Hypo-3

candesartan action. Figure 7c outlines changes of APDyg and
resting membrane potential.

Caballero et al. [3] have shown that candesartan could
prolong - ventricular - API) in’ guinea pig. (although the
difference was not significant: statistically) - and~ directly
interacts® with several human cardiac ion channels: recon-
stituted inmammalian cell line. This raises the question
about the mechanisms of action of candesartan: on atrial
APDyy (Fig. 7b) during Hypo-S exposure: direct modula-
tion: of  ion channels or ‘AT receptor  inhibition. In our
experimental conditions, we- did not observe any measur-
able effect on. APDgy in guinea pig atrial myocytes after
superfusion: with: Iso-S ' contdining - 5 uM - candesartan—
Fig. 7d, ‘e In addition; the average: values of APDgq in
Iso-S: from:Fig. 7a (drug-free) and b (candesartan I uM)
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Fig. 7 Candesartan attenuated swelling-induced contraction of atrial
action potential. a Superimposed traces of guinea pig atrial action
potential demonstrates Hypo-S-induced effects: shortening of action
potential duration at 90% repolarization and reduction of resting
membranc potential. b Typical traces of atrial action potential in Iso-S
and Hypo-S, recorded from myocytes pretreated with AT, receptor
blocker candesartan (I pM). ¢ Mean reduction of APDyy (leff) and
changes of resting membrane potential (right) in control, drug-free

were similar. Thus, it seems that candesartan acted through
inhibition of AT receptor-coupled signaling mechanisms to
reduce the shortening of APDgg by Hypo-S in guinea:pig
atrial myocytes.

Discussion

Major findings in- the present work: are: (1) ATy receptor
activation participates in hyposmotic-provoked: upregula-
tion of Iy in guinea pig atrial myocytes; (2) biochemical
pathways stimulating the function of /i channel involve
PTK; (3) AT; receptor antagonist candesartan and anti-AT)
receptor antibody attenuate enhancement of Iy; candesartan,
in addition, reduced the shortening of atrial-action potential
during myocyte swelling.

Our data provide for the first time an evidénce of in-
volvement ~of * AT ' receptor - in “the pathways mediating
hyposmotic [, regulation in- atrial myocytes (Figs. 2,3,
and 4} Since the discovery of L; modulation by mechanical
stretch or hyposmotic swelling of cardiomyocytes, very little
of underlying - mechanisms are - clarified. - Consistent ' are
negative findings for the independence of I, modulation' in
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state and during AT, receptor blockade. While effect on APD was
significant (P<0.0001), no statistical difference was measured
between the values of resting membrane potential, although they also
decreased. d, e Representative traces of guinea pig atrial action
potential and mean values of APDgp in control Iso-S before and after
superfusion with 5pM candesartan. There was no significant
difference in the average value of APDy, in the presence of the drug

native cardiomyocytes from activity of protein kinases A, C,
or G, concentration of intracellular free Ca™”, or integrity of
cytoskeleton [26,:.42, 49; 53] However, it was found that
PTK blockers - diminished ~ considerably - hyposmotic I
increase in both canine and guinea pig ventricular myocytes
[26, 533]. In the case of reconstituted KCNQI/KCNE]
channels, regulatory mechanisms for stretch-induced activa-
tion are most likely dependent on the cell type and
expression system. In Xenopus oocyte [16], KCNQ! channel
modulation was completely prévented by cytochalasin D; an
inhibitor of actin’ filament polymerization; and in COS7 cell
line, hyposmoti¢ enhancement of KCNQI/KCNEL: current
was: not affected by the PTK blocker: genistein: [22]. Our
results in guiniea pig: atrial myocytes, like other repotts in
native cardiomyocytes, confirmed the importance of PTK for
hyposmotic Ji; regulation. PTK inhibitors; candesartan, and
anti-AT; receptor IgG considerably reduced response of Ik,
to' swelling of the myocytes (Figs. 2, 3, 4, and 6). As AT,
receptor is ‘coupled to'‘a’ dense network -of intracellular
signaling pathways [45], the PTK involved in hyposmotic
I upregulation: could- be: downstream to activated: AT,
receptor, - although - this' sequence -of events - has: to- be
demonstrated:
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In addition to its high-affinity interaction with AT,
receptor, candesartan possesses properties of ion channel
blocker. The drug was shown to affect reconstituted hKv1.5,
HERG, KvLQT!/minK, Kv4.3 channels, and prolong
guinea pig ventricular action potential (although the change
in APD was not statistically significant) [S]. This makes
probable the hypothesis that hyposmotic-induced stimula-
tion of Ix, in our experiments might have been prevented
by the direct inhibition of the Ixs channel by candesartan
and not by the blockade of AT, receptor. However, as we
had observed before [52], candesartan at concentration 0.1-
5uM had no measurable effect on guinea pig atrial Ji
(visible also in Fig. 4b) or atral action potential (Fig. 7a, b,
d), suggesting that attenuation of hyposmotic Jx; modulation
was mediated by AT receptor antagonism and not by direct
drug—channe! interaction in guinea pig atrial myocytes.

In our previous report [52], we demonstrated that Iy
enhancement by angiotensin II in guinea pig atrial
myocytes was dependent on the activation of PKC. During
hyposmotic increase of atrial Ji in the same animal, PKC
seems to have little, if any, role (as found in earlier studies
for ventricular myocytes) [27, 49]. One explanation for this
discrepancy could be that the “mode” of AT, receptor
activation is dependent on the nature of the stimulus:
angiotensin Il-evoked conformational change activates G
protein—PLC~PKC (and maybe simultaneously many other)
pathways, but mechanically activated AT, receptor pre-
dominantly relays the signal through different biochemical
cascades. The existence of angiotensin II-- and - stretch-
induced active conformations of AT receptor was proposed
recently [51].

Angiotensin II- and stretch-elicited modulation of I,
appeared to be not entirely independent events because
pretreatment of atrial miyocytes with 300 nM angiotensin 11
suppressed hyposmotic I, increase. to a: significant extent
(Fig.- 4c). This observation suggests that- some: signaling
molecule(s) essential for I stimulation; but not PKC, is'at
least partly activated by angiotensin 1T or the transition to
stretch-related active conformation: of ‘AT| receptor might
be -affected by the presence of angiotensin L. These
hypotheses, however, require experimental confirmation in
a further investigation. Nevertheless, the above observation
does not exclude the possibility that angiotensin II and cell
swelling “are  independent activators: of Iy, (Fig.:5).In
addition, hyposmotic ' stimulation of [ Was not totally
abolished by candesartan, anti-AT; receptor-IgG, and PTK
inhibitors (Figs. 2, 3, 4, and 6), a fact suggesting that other
cellular components involved in mechanical stretch sensing
and transduction in cooperation with AT receptor and PTK
upregulate atrial Jis in guinea pig atrium.

Intricate system of PTK: signaling is among the earliest
responses in. the process of regulatory. volume . decrease
(RVD) after hyposmotic cell swelling [8; 39].- Src-PTK has

been shown to control the augmented expulsion of chlotide
ions during RVD through volume-sensitive chloride chan-
nel in human atrial myocytes [[13]. Stretch-stimulated AT,
receptor translates the signal (at least) to G proteins, JAK-2,
and ERK [54]. According to our experimental data,
activation of these regulatory proteins seems to be not
obligatory for Ji, modulation in guinea pig atrial myocytes
during hyposmotic challenge. Furthermore, activity of RhoA/
ROCK pathway was known to be dependent on stretch or
swelling in mouse fibroblasts and neonatal rat ventricular
myocytes [32, 44], although in our investigation we could
not detect any relation of this pathway to hyposmotic /i,
regulation. Thus, specific PTK together with additional
intracellular regulatory components explaining [ modula-
tion in atrial myocytes remain to be defined.

The Hypo-S-induced shortening of APD and depolariza-
tion of resting membrane potential observed in guinea pig
atrial myocytes are findings consistent with earlier reports
[14, 21, 46]. The basis of these changes is modulation of
activities of many ion channels and transporters (the detailed
description of the swelling-induced alterations of these
channels are not the focus of this study, see e.g. [Z1]).
Among them, there are two channels which are both regulated
by hyposmotic swelling or stretch, and the mechanism of
their activation include RAS components: swelling-activated
CI” current (Ieyswen) [17, 35, 40] and, according to our data,
atrial Ji, (already discussed above). Contribution of Jcj gyen
to APD shortening and membrane depolarization in stretched
or swelled cardiomyocytes has been shown to be consider-
able [14, 46). Therefore, partial recovery of APDgy and
resting potential (although the latter was not statistically
significant) in the presence of candesartan (Fig. 7b) can be
explained at least to some extent by intetfering of the drug
with Hypo-S-induced mechanisms "of Jis and Joqswen
stimulation.

In summary, hyposmotic modulation of Ik, in guinea pig
atrium requires membrane stretch-induced activation of AT,
receptor and stimulation of PTK. AT receptor antagonists
among other. protective effects. in cardiovascular system
might also possess acute. antiarthythmic: activity (particu-
larly candesartan [19, 28])'in the cases of stretch-related
atrial arthythmias.
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Background Although previous clinicul rials demonsteated the non-inferiofity of a rie control to thythm coun-
trol stratcgy for management of mnal fibrifladon (AF). the opiimal weatment strategy for pacoxysmal AF (PAF)
remains unclear,

Metliods and Results A randomized, multicenter comparison of rate contro) vs rhythm coatrol in Japanese
palients with PAF (the Japancse Rhythm Management Tnal for Aurial Fibrillation (J-RHYTHM) swedy) was
coaducied The primary endpoint was 4 composite of total moralily, sympiomauc cerebral infarction, systemic
embolism, major biceding. hospitatization for heart failure, or physical/psychological disability requiring alera-
ton of treatment strategy. In the study, 823 panents with PAF werc followed for a meun period of 578 days. The
primary endpoint occurred in 64 patients (15.3%) assigned to rhythm control and in 89 patients (22.0%) 10 rate
conteot (P=0.0128). No significant differences beiwecn the treatment strategies were observed in the incidences of
death, stroke, bleeding and heart foilure. Meanwhile, significanty fewer patienls requested changes ol assigned
treattnent sirategy in the rhythm control vs the rate control group, which was accompanied by improvement in
AF-specific quality of life scores

Conclusion  The J-RHYTHM study showed that rthythm conitol was associaled with fewer primary endpoints
than rate control. However. morahty and cardiovascular morbidity were not affected by the treatment strategy

Cue J 2009, 73: 242 -248

{umin-CTR No. C0O00000106). (Cire S 2009; 73: 242-248)
Key Words: Amiarrhythmic agents; Atrial fibrillation (AF). Mortality: Morbidity

tnal fibrillanon (AF), which is associated with -
A creased morlality and morbidiy!-? is a growing
public health problem that has reached epidemic
praportions®> There has long been controversy concerning
the basic question of whether ceestablishment and mamte-
nance of sinus rhythm or control of heart rate alone is betiet
in the muanagement of AF%2 Many randomized clinical trials
have been conducted 1o answer this guestion, including the
Pharmacological Intervention in Atcial Fibrillation (PIAF),
Atrial Fibrillation Follow-up Tnvestigation of Rhythin
Management (AFF)RM), Rate Control vs Electrical Car-

(Regsived July 1, 2008, revised moniiscrpt ceceived Sepremher 8,
2008 accepred Seprember 11, 2008; releused online Decrmber 8,
2008)

Author’s instunnen sre listed in Appendix |,

The J-RHYTHM swudy was planned by the Japanese Soviety of Efec-
tncieciolngy and partially supported by arant from (e Jupuanese
Curculation Society and the Japanese Hean Foundation. The J-RHY THM
Investigatnrs arc sied in Appendix 2

Mailing address. Takeshi Yamashia, MD. The Cardavascutar tnsti-
wte, 7-3-10 Ruppongs. Minato-ku. Tokyo 106-0032, Jupun.  E-muil:
yarmt-tky @umin 3c jp

All rights sre waerved to the Japuse Cireulaucn Society, For perams-
siony, pleass e-mail: ¢y @j-circ.orjp

dioversion (RACE) and Strategies of Treatment of Atrisl
Fibrillation (STAF) trials}*=13 bot none has shown superi-
ority ol rhythm control 1o rate control with respect 1o the
mortality and morbidity of AF patients!>-H

Editorial p229

Nevertheless, in cenain patents, there 15 an actual need
1o mainiain sinus rhythm, not to reduce moriality and mor-
bidity but 1o improve quality of life (QOL), which is quite
important from the AF patient’s viewpoint!S Morcover. pre-
vious clinicul trials, focusing on AF patients with expected
high mortality, under-represented certainp palient groups.
younger patients without risk factors for siroke, patients with
severe symptoms, and, particularly, those with paroxysmal
AF (PAF}*13 Therefore, efforts should be continged to
determine the optimal management of AF for variovs end-
points’® and in a variety of patients.

The Jupanese Rhylthm Management Trial for Atrial
Fibriltation (J-RH YTHM stwdy) was designed 1o determine
the optimal strategic approach for AF patients, including
those usually under-represented in previous irials!? The
study emphasized patient-reported cxperieace and percep-
non of AF-speeific disability, in addition to mortality and

Cirnlation Joumal Vol 73, Febmipry 2009
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CHE, iusagusiiug et faitwe:. TIA. transient 1schentie attack: EF, egection fraction; LAD, left puwl diumersr
3 }

morbidity!F19 We heremn present new data concerning rate
and thythm control strategies in patients with PAF,

Methods

Study Design

The J-RHYTIIM sudy was a randomized multicenter
compirative study of patents with PAF wreated by either
rate ot rthythm control. Study design details are published
elsewhere!? PAF was defined as AF expected 1o cogverl
spontaneously re sinus rhythm within 48h of onse{¥ Excle-
sion crileria included inilial AF episodes, contraindization
for anticoagulation, and AF occurring during the acuie phase
of myocaniis) iafarction o cardise surgery.

Paticnts were raiidomly sssigned o either the rate gantyo)
or rhylbri control tred{ment grovp. In thervite dontrol group,
control of heant ratg isell was by f-blockers, calgiom-
ehiine! blockert, aid digitalis. Tn the digthis control group,
afiarchyimic digs were selected according tp “The
lapanese Guidelinie fot- Attiat Fitiriliation Management™H

Oral antichrombolic: therapy was used in Soth rate and
thythim cantrol armag according 1o-4 prototol modifisd from
that used in (5 AFFTRM stody?t? Faciors fof dssessment of
sirake: xisk included agé >3 pears: hiypertengion; diabeies
wmetlits, congestive heare Nilure; history of sioke/iransient
isthemic. attack/syﬂemic emiboliviti; left aivial diameter
>50mm, feacticnal shoriening €25%, and jecticn fraciion
<40%. §n pali i with | ormore: ractms‘ watfarin wag pre-
scribed (o maintain the: ptothrombm tiine atetnational nor
asafized ratio betwéen 16 2ad 3.0, Anticoagaiant therapy
was cortinbied throughau the Study, eveit i sinus rhymm
appcared (o be mnmtamed by rhymm ccsmml (harapy nsn—

agproved ghc smdy p{cstocal afig afi patisaty gave wrs((cn
informed consent for the study.

Eiudpyinis

The primary-endpoint was @ cemposxte of tolat: morialily,
sympromatic.cersbral-infarcton:sysiemic enibolism, major
bleeding; hospitalization for: hieatt B3dare requicng intrave-
nous administration of diurelics. and physical/psychological

Cirenlation Jourmol Vol 73, Febuniry 2009

disabilily requiting aliesation of the assigned treatment
strategy. This is the first study in wlich patieat reluctance to
continue the assigned steategy accompanied by their sponta-
neons desive 10 move to the other strategy was also included
as an endpoint (o represent patienc disability under an
assigned strategy The cross-over would likely resull from
uncontrolable symptoms, hesitation to repeat cardioveision,
or anxiety sboul the adverse effects of drugs withowt any
life-threatening consequences, and could not be avorded
withoul movement from | assigned strategy (o the other.
The reasons were reported by parienis fhemselves.
Secondary endpoints were- patient. QOL. seores, and the
iGacy and safety of dmgs required in AF (reatment. Patient
QOL Was evalnzied using the Japanese Society of Eleciro-

eardiology's Atrul Fil bnnauen Quuity of Life Questionnaire

(AFQLAY), which comprises 3 subsefs thal inciude 26 ques-
1ions eoncerning frequency of occusrence of & syeptoms
(palpitations. dizzisess, shovmess of beaath, chest discomfor,
irregular pulSe, dnd pulse defieit) ( APQLQU), the severity of
these symptarms. (AFQLQY): and.anxiety and limistion of
datly acsivities related-1o AF and AF-treatment (AFQLQIE

Statistical Antilysis:

The-primary analysis-was-an intention-Lo-Lrear compari-
son hetween graups of time {6 first event of any of those
forming the camposite primary endpoint. Basefine: patient
chamcierisiics. were compared ssing chi-square fests and un-

paired Siudent's est: Rares forall timerto-event analyses

were estimated by the Kaplan-Méier meiiod? and were
compared by -the log-rank: test: Secpadary analyses were
condueted 1o evzluare results within subgroups. Unadjusted
hazaed ratios: for primary. endpoint with thythmn control vs
rate-control wete estimatgd in each subgroup. Covariates of
age; sex, présence or absenceof congesuvc heart failure; and
presence or absence of hy;enznmon ware used to construct
a mulsivasiaie Cox proportional hazirds suvival medel by
a siepwise procedure. Covariates significantly associaled
with primary ¢ndpoint were then used to adjust the primary
treatment comparison. A 2-tailed P-value of <0.05 was con-
sidered statistically significant,
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Table 3 Components of the Primary Endpoint
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Results:

Baseline Palient Characterislics

A total of 885 patients with PAF were ensolled in the
study;. rate control: group. n=442; rhylthin conirol group,
n=443 The average follow-up period was 578 days, and 62
patients dropped. out {7.0%} during the study: rete control
group, n=38; chythm conlrol group. n=24. Mean age was
64.7£1 1.3 years ‘Baseline clinical datasire summarized. in
Tahle 1. The proportion of patients’ with siructural heart
diseuses wus low cainpared with that in trinls in. Western
countries!®-13 Only approximately. 20% of the patients were
considered at high'risk for stroke: Low CHADS: scores™ of
0 and | were observed in 43.3% and 34.8% of the patients.
respectively. Paiient clinical characteristics were not sigmfi-
cantly different between the rate and rhythm control groups.

Treatinent

Drugs tor mitial.therapy in the: 2 groups are outhned in
Table 2. Beta-blockers were used in over 50% of patients in
the rate control group. Amttagthythmic: drugs used. in-the
thythm control group were different from those uscd in pre-
vious clinical 1aals!o-13 More than. 85% of patients: were
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staried on class [ drugs 10 accordance with the "The Japanese
Guideline for Atrral Fibullation Managenien”?! Amiodarone
was prescribed iiv only 0.5% of the patients as initial therapy.
The prescription rate of warfarin was high and not signifi-
cantly different beiween groups.

Sinus Rhythm Maintengnee

In the thythm control group. sinus rhythin was observed
in 87.2% of the patients at 6 months, 88.9% ut { year, 84.3%
al 2 years, and 72.7% ai 3 years on periodic ECGs. Tn con-
trast, the rale confral group showed significantly lower pro-
portions of patients with sinus rhythr: 74.0% at 6 months,
69.2% al } year, 65.6% ar2 years, and 43.9% at 3 years.

Primary Endpomni

Eveni-free sutvival was significantly higher in the vhythm
than in the rate Control gronp (hazard ratio 0.664, 95% confi-
dence interval 0.481-0.917: P=0.0128, Fig 1A). Cornponents
of the pamisry endposnt are shown in TableJ. The primary
endpoint occurred:in 64 (15.3%) of the 419 thyilim coutrol
pauents and in 89 (22.0%) of the 404 rate contrel paticnts.
Total monality. however, was low and was not significantly
different between groups (1.0% n the chythin and 0.7% in
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the rate control group). The incidence of symptomatic stroke,
systemic embolisms, major bleeding or heart falure was
nol signihcantly differemt between groups. Consequeatly,
there were no signtheant differences between the groups in
the 1otal occumences of monality, embolism, major bleed-
ing and heant failure (Fig 1B). Most of the pronary endpoints
resulied from the patients' desire to move 1o the alternate
treatment strategy because of physical/psychological disa-
bility caused by their curcent treatment (Fig 1B). In the
rhythm control group, 46 patients (1) 0%) requested a
change o rale conuol, whereas 67 rate control pattents
(16.6%) requested a change to rhylhm control. Reasons for
this cndpoint differed between the groups: in the rhythm
control group, it was uncentrollable symptoms in 19, anxiety
over drug adverse events in 14, hesitauoa concerning elec-
trical cardioversion 11 6 and others in 7 patieqis; in the rate
contol group, it was uncontrollable symptoms in 56, anxiety
over drug adverse events in § and others in 3.

Secondury Endpoinis

The AFQLQI (frequency of symploms) subset scores
were higher (higher=better) i the rhythm control than in
the rate contrdl group. whereas the AFQLQ2 (severily of
symploms) and AFQLQ3J (AF-related- anxiety and limita-
tion’ of daily activities) subset scores iinproved with both
treatment srrateies and were not significantly different
between groups (Fig2):

Drug-related adverse events occurred very rarely: syncope
m 2, ventricular tachycardia in 1, arial flutter in 9. and
symptomatic bradycardia in 4 patients: There swére no'sig-
nificant differeaces inincidences between groups

Primary Endpoint Hazard Ratios in Subgroups

Hazard ratios- for: primary -¢ndpoints- in subgroups are
shown in Fig3, Rhythnt conirol was associated with 2 betier
rate of event-free survival than was rate conyol among pa-
tients aged 265 years, male patients, hyperiensive patients,
and those without previous history ol congestive heart
{ailure

Discussion

The present stody shows that in PAF patients the inor-
tality and cardiovascular morbidity are not affected by
treatment sirategy, and also that'rhydhwn conirolis associaled
with fewer occurrences of the patient's desire of cross-over

Rate conleol better

30 Figd  Subzroup hazerd ruio analyses for the
primagy endpoint, CHF, congestive heant {wlure

than rate control strategy. The xiudy popututon was quite
difterent from that in past ¢linical wials completed in the
US and Europe!-'3 comprising relavvely young and symp-
Lomatic paticnts with PAF, The present findings substantiate
the importance of individualizing PAF therapy

Cardiovuscidur Monality und Morbiduy in PAF

For climicians, AF type (paroxysmal, persistent, or per-
manent) may be a simple surrogate marker for designing a
therapeutic strategy, as reflected in many guwidelines pub-
fished previously!® 2326 The present study focused on PAF,
which is different from previous clinical tdals, In the pres-
ent study, total monality and cardiovasculas morbudity rates
were remarkably low compared with thase in the previous
studies. in which most or all patiénts had persistent AF19-13
Howevei. low monality and morbidiy rates should be
anributed to patient comorbidities rather than AF type, The
J-RHYTHM swudy patients. weve characterized by PAF,
young age, no structural heant diseases, and no previous
history of congestive heant fuilure. all of which may predict
good prognosist™¥ and only approximately 20% of pa-
tients were at high risk lor siroke. These low comobidities
would lessen the role of the treatment strategy in the mor-
1ality and cordiovascular morbidity of these PAF patients

Disability Requiring Altemation of Assigned Strategy
ln-these fower risk patients, safe and effeclive control of
symptoms should be the clinician's primary goal, and thus
gn important guide when selecting a therapentic sirategy.
Although disability requiving cross-over was more frequent-
1y observed mn the rate contra) group, more important was
that the reasons for the movement between the: sirategies
were ditferent. [ rate control patients, (he réason was main-
ly uncontrollable symptoms: In contrast, in chythm conirol

‘patients; the reasons were ‘mostly hesitation over drug-

related adverse events or electrical cardioversion. indicating
the presence of soine conservative panenis?t These diver-
sities inthis study population emphasize the importance of
individualizing PAF therapy.

We should realize that the endpoint representing patient
acceptance in ouc study may be biased by the impressions of
both: patents and physicians who were unblinded 1o treat-
menl sudtegy. To substantiate this subjeciive assessment,
we used the AF-speciic queslionnaire: the AFQLQ?? Both
repment strategies significantly impraved QOL scores'in
the X AFQLQ subscts: with 2 significant difference only in
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the AFQLQ} scores between groups. These facts would
support the validity for the occurrence of the cross-over in
view of AFQLQI, and a1 the same time, could binply pos-
sibje infermation bias by the physicians in view of AFQLQ2
and AFQL.Q3. Therefore, we should not overestimate the
beneficial effects of rhythm control sirategy on the QOL of
the patienis, but should focus upon individualizing therapy.
Conversely. it is noteworthy that approximately 80% of 1he
PAF pauents undergoing rate control weee satisfied with
the assigned sirategy.

Subgroup Anolysis

Subgroup analysis, showing a relatiooshp between the
occurrence of the primary endpoints and clinical back-
ground, indicated that the lower incidence of cross-over in
the rhythm control group was nat uniformly observed in the
present PAF patients. The rhythm control strategy resulted
in better composite primary endpoints in elderly and male
patients, whereas the 2 sirategies were not significanily dif-
ferent in young and female patients, These resulis suggesied
that age and gender might affect the psychological percep-
von of AF therapy.

Study Limiiations

First. 1n the present study, therapculic steategies were not
blinded to physicians and patients, which could lead 10
biases in the cecurrence of endpoints. Second, in (ne assess-
ment of control of PAF, transtelephonic monitoring could
not be used 1o evaluate drug effects on PAF, such as pre-
vention of episodes or heart rate control during episodes.
Selection of drugs and dosage was dependent primasily on
the: evatuation of patient sympiom ceports by attending
physicians, Third, most patients in the present siudy had no
structural hieart disease. Ahhough limited, the present study,
by clarifying the role of the rhythm ov rate control strategy
in the montality; morhidity and QOI. of PAF patierits; sup-
ports the imporrance of individualiziag PAF therapy

Conclusion

The I-RHYTHM siudy showed that a rate conuol strae-
gy of PAF is equivalent 1 a rhythm coatrol srategy in terms
of mortality and morbidily. However, eveni-free survival of
the primary endpuint in this study was significantly higher
with the vhythm control than with the rate control sirategy,
implying the importance of individualizing PAF therapy
according 1o the patient's background and QOL.
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