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proinflammatory cytokines, stimulates endothelial cells
to express adhesion molecules, increases the synthesis of
metalloproteinases, and inhibits the synthesis of proteo-
glycans in cartilage (39). TNF levels are chronically
elevated in the blood and, more specifically, in the joints,
of patients with RA (40), and it has been proven that the
blocking of TNF-related pathways is a strong therapeu-
tic tool in RA (41). RANKL has emerged as one of the
essential pathogenic factors in the destruction of carti-
lage and bone in RA (42-45). RANKL is part of the
TNF ligand family and is an important regulator of both
osteoclastogenesis and functions of the immune system,
including lymph node organogenesis and iymphocyte
development. Even though the roles of RANKL in the
pathogenesis of RA during the chronic stage have not
yet been elucidated, it is known that it is expressed both
by synovial fibroblasts and by activated T lymphocytes
derived from synovial tissue from patients with RA
(43-45). Moreover, blocking of the RANKL pathway at
the onset of adjuvant-induced arthritis prevents bone
and cartilage destruction (42). Therefore, it is a note-
worthy finding that OCH stimulation induces much
lower levels of gene expression of TNFa and RANKL
compared with stimulation by other glycolipid antigens
such as a-GC.

We demonstrated in this study that OCH was
effective in the treatment of established CIA in auto-
immune-prone mice of the SJL strain, which have a
quantitative and functional NKT cell deficiency; this
suggesis that OCH might be useful for the treatment of
patients with various autoimmune diseases associated
with reduced numbers of NKT cells. Furthermore, in
contrast to classic MHC molecules, CD1d molecules are
nonpolymorphic and are remarkably well conserved
among the population and may become extremely valu-
able in the development of HLA-independent treatment
approaches for avtoimmune conditions. These findings
highlight the potential use of OCH for therapeutic
intervention in autoimmune diseases such as RA.
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Abstract

We investigated the contribution of the sympathetic ner-
vous system {SN3) in maintaining the blood pressure
and in regulating the cardiac function during and after
carvedilol administration in rats with heart failure {group
F). Left ventricular end-diastolic pressure, percent func-
tional shortening, and rates of intraventricular pressure
rise were significantly changed by carvedilol infusion as
compared with the basal values in group N (normal rats),
but not in group FThe left ventricular end-diastolic pres-
sure was elevated, corresponding to the enhancement
of the plasma norepinephrine {NE) concentration caused
by carvedilol infusion, in group N.The enhancement of
the plasma NE concentration induced by carvedilol ad-
ministration in group F was higher than that in group N.
The value for the maximal hypertensive effect of NE in-
travenous infusion (En,,) was decreased, and the plasma

NE concentration at half-maximal effect {ECg} was in-
creased in group F as compared with the values ingroup
N.These results indicate that the SNS {presynaptic) ac-
tivity is increased and that the SNS receptor sensitivity
in the cardiovascular regulation system is decreased in
heart failure.

Copyright © 2004 S, Karger AG, Basel

Introduction

Carvedilol is a third-generation nonselective f- and a-
adrenergic blocker and can potentially blunt the release
of norepinephrine (NE) by blocking presynaptic p,-ad-
renergic receptors [1-3]. B-Adrenergic antagonists have
been used in clinical practice not only for the treatment
of hypertension, but also for the prevention of heart fail-
ure [4-7]. Carvedilol has been shown to reduce morbid-
ity and mortality in patients and experimental animals
with heart failure [7-10]. Furthermore, it has recently
been reported that carvedilol has been associated with a
greater increase in survival rate and left ventricular ejec-
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tion fraction than metoprolol which is a selective ;-
blocker {11, 12]. We previously reported that low-dose,
but not high-dose, carvedilol exerted beneficial effects in
rats with dilated cardiomyopathy after myocarditis [10].

Plasma catecholamineshave been used as an appropri-
ate means to evaluate the baroreflex-mediated sympa-
thetic nervous system (SNS) activity, because circulating
catecholamines have been thought to consist mainly of
catecholamines liberated from the synapses of the SNS in
proportion to their degree of activity [13-15]. Imai et al.
[13] reported that the blood pressure reduction caused by
the administration of calcinm antagonists correlated sig-
nificantly with the increase in the plasma NE concentra-
tion.

This study investigated the contribution of the SNS in
maintaining the blood pressure and its influence on the
cardiovascular system during and after carvedilol admin-
istration in rats suffering from cardiomyopathy after au-
toimmune giant cell myocarditis [13-16]. We also exam-
ined whether the SNS hyperactivity induced by high-dose
carvedilol administration is closely related to the severity
of heart failure,

Materials and Methods

Reagents

Carvedilol was kindly donated by Daiichi Pharmaceutical (To-
kyo, Japan) and was used without further purification. It was dis-
solved in N,N-dimcthyiformamide, 10% acetic acid, and isotonic
sodium chloride solution and administered by intravenous infu-
sion. All other chemicals were of reagent grade and were obtatned
commercially,

Animals

Nine-week-old male Lewis rats were used (Charles River Japan,
Kanagawa, Japan). Cardiac myosin, prepared from the ventricular
muscle of pig hearts according to a procedure described previously
[10, 18], was injected into the rats. The morbidity of experimental
autoimmune myocarditis was 100% in the rats immunized using
this protocol [10, 16]. The rats in the myosin-immunized group
became ill and immobile after 14 days, then their activity gradu-
ally recovered at the beginning of the 4th week. Thirty-one percent
of the rats in the myosin-immunized group died between day 19
and day 42. Six weeks after immunization, 23 rats were used for
the study (group F; heart failure). Twenty normal Lewis rats (group
N} were used as the age-matched control group. Indwelling cannu-
lac (PE10 and PE50; Becton Dickinson, Franklin Lakes, N.J., USA)
were implanted into right jugular vein and left femoral artery of 17
rats in group F and of 15 rats in group N under light ether anesthe-
sia 1 day before the experiments. Throughout the studies, all ani-
mals were treated in accordance with our institute’s guidelines on
animal experimentation [10].

214 Pharmacology 2004;72:213-219

Experimental Protocol

Tocharacterize the alterations in blood pressure and plasma NE
concentrations, either carvedilol or NE was injected into the right
jugular vein by five consecutive 20-min infusions at increasing rates
{model KI>§220P infusion pump; Muromachi Kikai, Tokyo): 0.13,
0.25, 0.64, 1.27, and 2.54 mg h~! rat~! (300 g body weight) for the
carvedilol study and 1.5, 3.0, 7.5, 135, and 30 pg h™! rat™! (300 g
body weight) for the NE study. To avoid the effects of anesthesia,
conscious rats were fixed in Bollman cages (Natsume, Tokyo) and
were allowed to rest for 1 h before starting the experiments, Arte-
rial blood pressurc and heart rate were measured through the left
femoral artery using a transducer and an amplifier (Powerlab, To-
kyo). Blood samples (0.4 ml) were intermittently collected from the
left femoral artery cannulae until 460 min (carvedilol study) and
220 min (NE study) after the initiation of drug administration.
Blood was then replaced by injection of an equal volume of citrat-
ed blood from a donor rat, All these procedures were performed in
a quiet environment to avoid the influence of any disturbance to
animals. The obtained plasma samples were stored at =80 °C until
analysis of the plasma NE and epinephrine concentrations. The
plasma NE and epinephrine concentrations were determined by a
modified high-performance liquid chromatography electrochemi-
cal assay with 3,4-dihydroxybenzylamine as an internal standard
[17, 18].

The rats that had not been cannulated were anesthetized with
pentobarbital (40 mg kg™ 1.p.), and pentobarbital (5 mg kg™' i.p.)
was constantly added during the experiments to maintain anesthe-
sia. The central venous pressure (CVP), the left ventricular end-
diastolic pressure {LVEDP), and the rates of intraventricular pres-
sure rise and decline {+dP dt™!) were recorded as described
previously [10]. Echocardiographic studics were carried out by
means of an SSD-5500 echocardiograph (Aloka, Tokyo) using a
7.5-MHz transducer (Aloka). The left ventricular dimensions in
diastole and in systole and the percent fractional shortening (%FS)
were measured by M-mode echocardiogram. The heart weight was
measured, and the ratio of heart weight (HW) to body weight (BW)
[HW BW-! (g kg~'}] was calculated.

B-Adrenergic Receprors in the Myocardium

The B-adrenergic receptor binding assay was carried out in du-
plicate using [**I)iodocyanopindolol. The membrane-enriched
fraction of the myocardium was incubated for 30 min at 23°C
in a total volume of (.5 ml containing 60 mmol/l Tris-HCl and
20 mmol/1 MgCl; (pH 7.4). Values of the myocardial f-adrenocep-
tor density (Byax) and the dissociation constant for f-adrenoceptor
{K4) were calculated using Scatchard analysis, and the radioligand
concentrations ranged from 0.1 to 0.8 nmol/l, as previously report-
ed [19].

Data Analysis of the Sigmoidal E .z Model

A sigmoidal E,,x model was used to quantitatively show the
relationship between the plasma NE concentration and the hyper-
tensive effect of NE during the NE infusion [20, 21]. The equation
for the sigmoidal E,, model is as follows:

E =Emac - CVC" + ECsq"

where E is the predicted hypertensive effect of NE, E,,,, is the
maximal hypertensive effect of NE, ECsgis the plasma concentra-
tion that produces 50% of the maximal effect, and n is a measure

Abe et al.
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Fig. 1. Time courscs of hypotensive effect
(a), heart rate (b), and plasma NE concen-
tration () during and after carvedilol infu-
sion in group N (open circles) and group F
(solid circles) using conscious rats, The ar-
rows indicate the carvedilol infusion peri-
od. Each cxperimental point represents a
change in value from that at bascline. Each

Amean BP (mmHg)

=

AHR (BPM)

value is expressed as mean * SE. (This ap-

ANE concentration (ng/mD ©

plies to the values of the other figures as
well.) BP = Blood pressure; HR = heart rate;
NE = norepinephrine.

01 2 8 45

Time(hr)

012 3 46678

Time (hr)

012846678

Time (hr)

6 7 8

Table 1. Valucs of steady-state physiological levels and parameters

of the curve gradient. The values of these parameters were esti-
mated using the computer program WinNonlin [21].

Statistics

Data are presented as the mean + SE. Statistical assessment of
the groups was performed by Student’s t test, followed by Tukey’s
method. Comparisons with the baseline values were performed by
one-way analysis of variance followed by Dunnett’s method. Dif-
ferences were considered significant at p < 0.05. Constitutive plas-
ma NE concentration and HW BW-! were examined using lincar
regression analysis.

Results

Steady-State Physiological Levels

The constitutive levels of body weight, heart weight,
HW BW-! hemodynamic parameters, echocardiograph-
ic parameters, plasma catecholamine concentrations,
myocardial B-adrenoceptor parameters (B, and Ky),
and parameters of the hypertensive effect of NE infusion
(Epnax and ECsp) in group F and group N are shown in
table 1. The values of all hemodynamic parameters, echo-
cardiographic parameters, and plasma catecholamine
concentrations were significantly changed in group F as
compared with those in group N.

Changes in Hypotensive Effect and Plasma NE

Concentration Induced by Intravenous Carvedilol

Infusion

The changes in blood pressure, heart rate, and plasma
NE concentration induced by intravenous carvedilol in-
fusion were determined in group F and in group N. The
changes in values for mean blood pressure, heart rate, and
plasma NE concentration at steady state (A values) are
shown in figure 1. The hypotensive effect of carvedilol in
group F did not significantly differ from that in group N

Carvedilol and Sympathetic Nervous
System in CHF Rats

for the sigmoid E,, model in group N {(normal) and group F (heart

failure) ‘
Group N Group F
BW, g 388+6.1 300 £94*
HW, g 0.8920.05 1.37 +0.06**
HW/BW, g/kg 2.6+0.04 5.0+0.24%*
BP, mm Hg 111+4 91 3.3+
HR, becats/min 360+13 384+1.2%
LVEDP, mm Hg 33+£23 17.4+£6.3*
CVP, mm Hg 1.5+0.7 49+1.1*
maxdP/dt, mm Hg/s 13,100+ 1,400 5,100 £ 600**
" mindP/dt, mm Hg/s -15,400+ 1,400 —4,700 £ 600**
FS, % 43.8+2.7 13915 1+
LVDd, mm 7.8+0.3 9+0.3*
LVDs, mm 44%0.3 7.9+0.8*
NE, pg/ml 203275 526 +65.3%*
EPI, pg/m! T1x3.5 209+ 44 3%
Bmax, fmol/mg protein 53%2 32 4%
K4, nmol/l 0.45+0.08 0.49£0.09
Emax, mm Hg? 286x1.1 20827
ECso, ng/ml? 1.520.1 4.5+0.85
n? 27+04 1.8x0.31

BW = Body weight; HW = heart weight; BP = arterial blood

pressure; HR = heart rate; LVEDP = left ventricular end-diastolic
pressure; CVP = central venous pressure; maumindP/dt = rates of
intraventricular pressure rise and decline, respectively; FS = frac-
tional shortening; LVDd = left ventricular dimension in diastole;
LVDs = left ventricular dimension in systole; NE = plasma norepi-
nephrine concentration; EPI = plasma epinephrine concentration;
Buax = cardiac B-adrenoceptor density; Ky = dissociation constant
for B-adrenoceptor. All values are expressed as the mean + SE.

2 The values of these parameters were estimated by fitting the
hypertensive effect of NE data using the computer program Win-
Nonlin (see text).

* p < 0.05 and ** p < 0.01 vs. group N.

Pharmacology 2004,72:213-219 215
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“crease in blood pressure (BP) (a) and change % 10 -0 -0 -3 02 0 l 02 08 1
of LVEDP and enhancement of plasma NE < -0 -5 )
concentration (b} with carvedilol infusion 02 Amean BP (mmHg) ANE concentration (ng/m1)

in group N (open circles and dotted line)
and group F (solid circles and solid ling).
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Fig. 3. Time courses of hemodynamics dur- 2 .
ing and after carvedilol infusion in group N ==
(open circles) and group F (solid circles) us- g f { {{
ing unconscious rats. The arrows indicate -
the carvedilol infusion period. * p < 0.05 2 2500
and ** p < 0.01 vs. baseline. LVEDP (a) = el
Left ventricular end-diastolic pressure; g T
CVP (b) = central venous pressure; FS (¢) =

fractional shortening; max/min dP/dt
(d, e) = rates of intraventricular pressure
rise and decline, respectively.

{fig. 1a). However, the enhancement of the plasma NE
concentration induced by carvedilol administration in
group F was higher than that in group N (p = 0.055; fig.
1¢). The slope of the enhanced plasma NE concentration
in group F was twice as high as that in group N (fig. 2a).

Effects of Carvedilol Infusion on Echocardiographic

and Hemodynamic Parameters

The changes in echocardiographic and hemodynamic
parameters induced by intravenous carvedilol infusion
were determined (fig. 3). LVEDP and CVP were signifi-

216 Pharmacology 2004;72:213-219

cantly increased and %FS and *dP dt™! decreased at
baseline in group F as compared with the values in group
N (p < 0.01 for all parameters). Relative to baseline val-
ues, the LVEDP was significantly increased, while +dP
dt™! and %FS were significantly reduced by carvedilol in-
fusion in group N but not in group F; however, there was
no significant change in CVP. A rebound phenomenon,
an increase in %FS, was observed after carvedilol infu-
sion in group N; these responses corresponded to NE en-
hancement following carvedilol infusion. Besides, the
LVEDP was increased, corresponding to the plasma NE
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concentration enhancement induced by carvedilol infu-
sion {fig. 2b).

Effects of NE Infusion on Blood Pressure and Heart

Rate

The plasma NE concentration and its hypertensive ef-
fects during intravenous infusion were measured to clar-
ify the changes in the sensitivity to NE in both groups {fig.
4). A sigmoidal E,,,, model was used to show quantita-
tively the relationship between the plasma NE concentra-
tion and its hypertensive effect (fig. 4¢). The values for
the maximal NE hypertensive effect (E,,.c)} were lower
and the plasma NE concentrations at the half-maximal
NE hypertensive effect (ECsg) higher in group F as com-
pared with those in group N, as shown in table I.

Discussion

Carvedilol, a nonselective B- and a-adrenergic recep-
tor blocker, can potentially blunt the release of NE by
blocking presynaptic Br-adrenergic receptors [1-3]. In
fact, the enhancement of the plasma NE concentration in
response to the reduced blood pressure was greater with
B,-selective blockers than that with carvedilol, as previ-
ously reported [1, 2]. However, there are no previous data
comparing carvedilol effects in normal and failing hearts.
Although the clinical effects of carvedilol therapy on ejec-
tion fraction and mortality have been reported [6, 9], B-
blockers have potential negative inotropic effects. Thus,
clinical therapy with B-blockers should be initiated using
very small doses (3.125 mg of carvedilol twice a day), fol-
lowed by a doubling of the dose not more frequently than
every 1-2 weeks (to a target dose of 2 x 25 mg carvedilol).

Carvedilol and Sympathetic Nervous
System in CHF Rats

We have previously reported [10] that carvedilo! im-
proved the cardiac function in the group receiving a low
dose (2 mg kg~! day™!), but not in the group receiving a
high dose (20 mg kg™! day™") in rats with heart failure. A
more cautious dosing schedule may be required in pa-
tients with severe heart failure [22].

In the present study, we examined the effects of carve-
dilol on the SNS in rats with heart failure (group F). The
maximal infusion rate of carvedilol was 2.54 mgh™! rat™!
(300 g body weight), such that the maximal plasma carve-
dilol concentration attained at such an infusion rate is the
same as that obtained during oral carvedilol treatment at
20 mg kg™! day”! (high dose) in rats with heart failure.
The changes in the mean blood pressure and in the plas-
ma NE concentrations in group F and group N, induced
by intravenous carvedilol infusion, were determined in
conscious rats to avoid the influence of anesthesia. In
normal rats, %FS, blood pressure, and +dP dt™' were
significantly and dose dependently reduced by carvedilol
infusion. At the same time, the plasma NE concentration
was enhanced in response to the blood pressure reduc-
tion. Zhang et al. [23] have shown that plasma NE en-
hancement leads to a rise in LVEDP which might be a
possible explanation of the dose-dependent increase of
the LVEDP. However, this ris¢ of LVEDP may not only
be the result of plasma NE enhancement, but may also be
due to the impairment of the ventricular compliance, as
previously explained by Zhang et al. [23]. This impair-
ment was clearly reflected by the dose-dependent reduc-
tion of %FS and *+dP dt™!,

On the other hand, in group F rats, there were no sig-
nificant changes in %FS and + dP dt~! by carvedilol infu-
sion. Only the blood pressure was significantly reduced,
in a manner similar to that in normal rats. The plasma
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NE concentration was also enhanced in response to the
blood pressure reduction; however, this enhancement
was greater than that in normal rats which indicates that
the SNS activity in response to a blood pressurc reduction
isenhanced in heart failure. Unlike group N rats, in group
F rats, there was no significant change in LVEDP, in spite
of the greater enhancement of plasma NE concentrations.
This might have been induced by one or both of the fol-
lowing: decreased SNS receptor sensitivity (as it will be
explained below) and the fact that severe heart failure has
raised the LVEDP to maximal values that were difficult
to be exceeded by carvedilol infusion.

In order to clarify the change in the sensitivity to NE
in the blood pressure regulation system, the relationship
between the plasma NE concentration and its hyperten-
sive effect during its intravenous infusion was investi-
gated in both groups, and the sigmoidal E,,,,, model was
applied to demonstrate this relationship quantitatively
(fig. 4¢). The values of the maximal NE hypertensive ef-
fect (Eqax) were lower and those of the plasma NE con-
centration at half-maximal hypertensive effect (ECsg)
higher in group F as compared with those in group N
{table 1). These results indicate that the SNS receptor
sensitivity to the hypertensive effect of NE was decreased
in group F. Besides, a reduction in the cardiac B-adreno-
cepter density (B,,,) in group F rats was demonstrated
by the p-adrenergic receptor-binding assay using
['*ITliodocyanopindolol (table 1). The results of the in
vitro receptor-binding studies are supported by the in
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vivo experiment, where a rebound phenomenon, an in-
crease in %FS, was induced after carvedilol infusion only
in group N and not in group F, probably owing to reduced
SNS receptor sensitivity and B-receptor density.

Others have reported that carvedilol causes less en-
hancement of the plasma NE concentration than 3-selec-
tive blockers. However, no study has been done to com-
pare the effects of carvedilol in normal and failing hearts.
In our study, we have demonstrated in a rat model of
heart failure that the SNS (presynaptic) activity is en-
hanced along with a reduction in the sensitivity of the
SNS receptors in the cardiovascular regulatory system.
We have also demonstrated that high-dose carvedilol
causes much greater enhancement of the plasma NE lev-
els in heart failure than in normal rats. This implics that,
although the plasma NE enhancement in carvedilol treat-
ment is less than that in f,-selective blocker trcatment,
proper care and more consideration should be executed
while using high doses of carvedilol in the treatment of
heart failure, as it may worsen the condition of the failing
heart.
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Plasma Concentrations of Cytokines and Neurohumoral
Factors in a Case of Fulminant Myocarditis
Successfully Treated With Intravenous Immunoglobulin
and Percutaneous Cardiopulmonary Support

Satoru Abe, MD; Yuji Okura, MD; Makoto Hoyano, MD; Ryu Kazama, MD;

Satoru Watanabe, MD1; Takuya Ozawa, MD; Takashi Saigawa, MD; Manabu Hayashi, MD;
Tsuyoshi Yoshida, MD; Hitoshi Tachikawa, MD; Takeshi Kashimura, MD;
Keisuke Suzuki, MD*'; Masayuki Nagahashi, MD**; Junzo Watanabe, MD**;

Kouji Shimada, MD**; Go Hasegawa, MD*; Kiminori Kato, MD;

Haruo Hanawa, MD; Makoto Kodama, MD; Yoshifusa Aizawa, MD

A 53-year-old Japanese man with fulminant myocarditis was referred. Percutaneous cardiopulmonary support
{PCPS) was introduced immediately and intravenous immunoglobulin (IVIG) therapy followed for 2 days.
Cardiac function showed signs of recovery on the 4th hospital day and the patient was weaned from PCPS on the
7th hospital day. Creatine kinase-MB peaked at 12h after admission and was 176 ng/ml. Endomyocardial biopsy
showed active myocarditis. A marked increase of the neutralizing antibody titer suggested coxsackievirus B3
infection. Plasma concentrations of cytokines and neurohumoral factors were analyzed. Proinflammtory
cytokines, such as interleukin (IL)-173, IL-6 and tumor necrosis factor (TNF-g), and anti-inflammatory cytokines,
such as IL-1 receptor antagonist, soluble TNF receptor-1 and IL-10, were elevated on admission and all had -
decreased on the 7th hospital day. Brain natriuretic peptide and noradrenaline were already elevated upon admis-
sion {1,940 pg/m! and 4.6 ng/ml, respectively) and decreased thereafter. Although IVIG therapy under PCPS is a
common treatment for fulminant myocarditis, the immunological response in vivo remains unclear. This case
demonstrated suppression of serum cytokines after IVIG and PCPS treatment. Immunological parameters in
those who have been treated with IVIG and PCPS and survived without complications are of great value for
evaluation of the therapy. Further analysis with more cases in a multicenter study is necessary. (Circ J 2004,
68: 1223-1226)

Key Words: Cytokines; Fulminant myocarditis; Intravenous immunoglobulin; Percutaneous cardiopulmonary

support

tant for rescue in cases of fulminant myocarditis

with circulatory crisis! Despite some case reports
suggesting the potential therapeutic efficacy of intravenous
immunoglobulin (IVIG) therapy in fulminant myocar-
ditis23 this indication remains controversial and because of
the huge cost of that therapy, its biological validity should
be examined in humans from an immunological viewpoint4
However, the scarcity of fulminant myocarditis itself,
vascular trouble associated with percutaneous cardiopul-
monary support (PCPS), or multi-organ failure (MOF) that
complicates the general condition lessen the opportunity to

C ardiopulmonary support is regarded as most impor-
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examine the pure immunological response to fulminant
myocarditis! Therefore, investigating the immunological
parameters in those who had been treated with IVIG and
survived the cardiopulmonary crisis without complication
is of great value for evaluation of IVIG therapy. Herein, we
report a rather typical case of fulminant myocarditis in a
patient who survived the cardiopulmonary crisis with
PCPS and IVIG therapy.

Case Report

A 53-year-old Japanese man presented with sore throat,
epigastric pain and a fever of 40.0°C at Sado General
Hospital in August 2002. Ibuprofen, cefixime, and cimeti-
dine were prescribed with a diagnosis of viral infection.
One week later, the patient developed nausea, vomiting and
general fatigue and visited the hospital again.

The patient was alert, but his pulse was weak and the rate
was 95 beats/min. Blood pressure was 80mmHg by palpa-
tion and a diastolic gallop was noted at the apex of the heart.
There was a moist rale in the bilateral lower lung field. The
extremities were very cold, but there was no pretibial
edema. An electrocardiogram (ECG) showed accelerated
idioventricular rhythm at the rate of 98 beats/min. The chest
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roentgenogram showed cardiomegaly {cardiothoracic ratio
63%) and pulmonary congestion. The leukocyte count was
9,400 /u1. Serum concentrations of aspartate aminotrans-
ferase (619 U/L), lactic dehydrogenase (1,639 U/L}, creatine
kinase (825IU/L), and creatine kinase-MB (149 ng/mi)
were also elevated. The echocardiogram showed severe
diffuse hypokinesis and wall thickening of the left ventricle
with slight pericardial effusion. The thickness of the inter-
ventricular septum and posterior wall was 13mm and
12mm, respectively. The left ventricular end-diastolic
dimension, end-systolic dimension and ejection fraction

creatine kinase; IVIG, intravenous immunoglobulin;
PCPS, percutaneous cardiopulmonary support; IABP,
intra-aortic balloon pump.

Fig2. Histopathology and immunohistochemistry
of the endomyocardial biopsy on the 10th hospital
day. Histopathology (A, B)}. Myocyte necrosis and
degeneration associated with infiltration of the
mononuclear cells (H&E; original magnification,
»x40). Immunohistochemistry (C, D). Most of the
infiltrating cells are positive for CD45RO (T cells) or
CD68 (macrophages). (E, F) Only a few cells are
positive for CD20 (B cells) or CD1a (dendritic cells)
(Original magnification, x40).

(EF) calculated by the Teichholz method were 48 mm,
46mm, and 10%, respectively. Cardiac valves were nor-
mal. In the afterncon of the day of admission. he developed
cardiac arrest and intravenous administration of inofropic
agents, temporary pacing and intra-aortic balloon pump
(IABP) failed to produce hemodynamic improvement. He
was transferred to the university hospital in the evening by
helicopter with a clinical diagnosis of fulminant myocar-
ditis.

On his arrival, the cardiac index was 1.2L-min-1-m-2,
We immediately started PCPS and IVIG treatment after ob-
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taining written informed consent, Gamma-Venin (Aventis
Corporation, Japan) of 0.5g-kg-!-day-! was administered
for the first 2 days after admission (Fig1). However, the
cardiac index decreased and could not be measured with a
Swan-Ganz catheter during the second and third hospital
days because of extremely low cardiac output. His ECG
showed no spontaneous excitation for the first 3 days. Car-
diac arrest continued until the 4th hospital day, when the
echocardiogram showed recovery of left ventricular wall
motion. On the 7th hospital day, the patient was weaned off
the system without complications of PCPS, MOF or serious
infection. Endomyocardial biopsy on the 10th hospital day
showed infiltrates of mononuclear cells associated with
myocyte necrosis (Fig2). Neither polymorphonuclear cells
nor giant cells were observed. Immunohistochemistry using
antibodies to CD45R0O and CD68 (DAKO Cytomation,
Corp) showed that the mononuclear cells were mostly T
lymphocytes or macrophages. There were very few CD20
and CD1z positive cells (DAKO Cytomation, Corp), which
represent B lymphocytes and dendritic cells, respectively.

One month later, coronary angiography and left ventricu-
lography (L.VG) were performed and no significant stenosis
in the coronary arteries was observed. The left ventricular
ejection fraction (LVEF) improved to 49%. Complete atrio-
ventricular block remained, but the patient was discharged
with a permanent pacemaker. Neutralizing antibody titers
for influenza virus, echovirus, adenovirus and parainfluenza
virus did not rise significantly between admission and
discharge. However, the neutralizing antibody titer for
coxsackievirus B3 showed 256-fold increase on admission
and reached a plateau of 512-fold on discharge.

Plasma concentrations of neurchumoral factors and
cytokines were examined at 3 time points: on admission
(day 1), after weaning from the PCPS (day 7) and on the
day of discharge (day 30) (Fig3). Samples were analyzed
at Mitsubishi Kagaku Bio-Clinical Laboratories, Inc in
Tokyo, Japan. Samples were collected and stored in accor-
dance with the direction of the laboratories. Proinflamma-

Cireulation Jourmal Vol 68, December 2004

tory cytokines, such as interleukin (IL)-1/3, IL-6 and tumor
necrosis factor (TNF-a), were elevated on day 1 and
decreased on day 7. Anti-inflammatory cytokines, such as
IL-1 receptor antagonist (IL-1Ra), soluble TNF receptor-1
(sTNFR1) and IL-10, demonstrated similar changes to the
proinflammatory cytokines. All cytokine concentrations
except for sSTNFR1 and soluble Fas (sFas) demonstrated a
transient fall on day 7, followed by a slight increase that
was below that of day 1. C-reactive protein (CRP) also
increased in the peripheral blood and peaked not on day 1,
but on day 7. Brain natriuretic peptide and noradrenaline
were already elevated on admission (1,940pg/ml and
4.6ng/ml, respectively) and decreased thereafter, In con-
trast, human atrial natriuretic peptide (hANP) peaked on
day 7. Most data had almost normalized by day 30.

Discussion

The effect of IVIG has been examined in chronic heart
failure-7 but a clinical trial of IVIG therapy in fulminant
myoccarditis does not exist. Intervention in a Myocarditis
and Acute Cardiomyopathy (IMAC) trial failed to demon-
strate evidence of the therapeutic efficacy of IVIG on
recent onset dilated cardiomyopathy (DCM). Forty-five
percent of the IMAC population was given 3-blockers and
improvement in the LVEF was greater than those in a case
series by Dec et al® and also one by Steimle et al? both of
which were conducted before 8-blockers were widely used
in the management of patients with systolic dysfunction,
The effect of IVIG in the IMAC trial proved much slighter
than that of S-blockers, angiotensin converting enzyme
inhibitors, or angiotensin I receptor antagonists in the man-
agement of DCM? However, intervention of the immune
system may be more important than that of the neurohu-
moral system in acute heart failure caused by viral infec-
tien, such as fulminant myocarditis.

Lieberman et al first classified myocarditis as either
fulminant or acute on the basis of the clinicopathological
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criteria, including the severity of illness at presentation!?
McCarthy et al reported that fulminant myocarditis as an
entity has a good long-term outcome and they emphasized
the importance of intensive cardiopulmonary support in the
event of circulatory crisis!! However, the Japanese National
Survey demonstrated that MOF, life-threatening arrhythmia
and complication of PCPS, such as leg ischemia, often oc-
curred during a circulatory crisis and reduced the survival
rate to 58%! A combination of PCPS and IVIG is a promis-
ing therapy, but immunological markers that reflect heart
inflammation are currently not detectable in the peripheral
blood. In addition to the small number of cases of fulminant
myocarditis, the low survival rate lessens the opportunity to
examine the mechanism of the disease. Therefore, to
examine the immunological parameters in those who were
treated with IVIG and survived the cardiopulmonary crisis
without complication is of pgreat value for verifying IVIG
therapy.

Gullestad et al demonstrated an [VIG-induced change in
the balance between pro- and anti-inflammatory cytokines
in congestive heart failure$ Contrary to their observation
that improvement of LVEF was associated with an en-
hanced anti-inflammatory net effect, in the present case
both types of eytokines increased at admission and showed
a transient fall after IVIG therapy. Because both IL-1 and
TNF-« can impair myocardial performance, it is conceiva-
ble that inhibition of the effects of these cytokines may be
beneficial. Interestingly, both pro- and anti-inflammatory
cytokines showed a significant decrease when the patient
was successfully weaned of PCPS, despite hemodynamic
markers remaining at a high level. That may reflect
immunological recovery in vivo proceeding hemodynamic
recovery. However, we can not conclude that the immuno-
logical effect of IVIG was the main cause of the change in
the circulating cytokines concentrations. Recovery of heart
failure, dependent or independent of the IVIG effect, might
contribute to those alternations. Further observations under
various conditions are needed.

Kishimoto et al examined the effects of immunoglebulin
on murine myocarditis induced by coxsackievirus B3, en-
cephalomyocarditis virus, and in rat autoimmune myocar-
ditis!?-!4 They reported that immunoglobulin therapy
suppressed acute viral myocarditis by an anti-viral effect,
an anti-inflammatory effect and improvement in extracellu-
lar matrix changes!2!3 Moreover, immunoglobulin therapy
suppressed experimental giant cell myocarditis in rats,
associated with the suppression of the expression of
dendritic cell via inhibitory Fc receptor!4 Some imrmuno-
modulatory effect of IVIG might have worked favorably in
the present case. ,

We have reported the immunological parameters in
those who were treated with IVIG and PCPS and survived
without complications. According to our retrospective
study conducted before IVIG were routinely used in the
management of patients with fulminant myocarditis!5 the
prognosis of the present case was classified as poor because
of the high sFas concentrations. Therefore, the addition of

ABE Setal.

IVIG therapy may be one of the recent improvements in the
treatment for fulminant myocarditis. Qur observations may
show that there is an immunological effect of IVIG; how-
ever, it does not assure the clinical efficacy of IVIG therapy
in fulminant myocarditis. Accordingly, a large number of
patients should be studied and more attention should be
paid when interpreting the effect of IVIG on the hemo-
dynamic and immunological variables.
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Linkage Between Mechanical and Electrical Alternans
in Patients with Chronic Heart Failure
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Mechanoelectrical Alternans in Chronic Heart Failure. Introduction: Progressive heart failure
and ventricular fibrillation are major causes of death in patients with chronic heart failure. Mechanical
alternans (pulsus alternans) has been observed in patients with severe congestive heart failure. Visible T
wave alternans occasionally is a precursor of ventricular fibrillation. We investigated the occurrence of both
cardiac alternans in 94 patients with chronic heart failure.

Methods and Results: Mean left ventricular ejection fraction (LVEF) of the study population was 35 -+
10% . Mechanical alternans was detected in left ventricular pressure during diagnostic cardiac catheteriza-
tion. Only sustained mechanical alternans was included in the study. Visible T wave alternans, not microvolt
alternans, was noted on standard surface ECG. Cardiac alternans was examined at rest, during physiologic
tachycardia, and during stepwise dobutamine loading (2-4-8 ug/kg/min). Prevalences of mechanical and
electrical alternans were 19.1% and 4.4% at rest, 45.5% and 8.0% during physiologic tachycardia, and
62.1% and 9.5 % under dobutamine loading. Overall, 70 patients (74.5%) showed mechanical alternans and
10 patients (10.6%) showed T wave alternans. T wave alternans always appeared with Jarge mechanical
alternans. Among patients with mechanical alternans, cases with T wave alternans showed lower LVEF
than those without (27.5 & 4.4 and 35.1 &+ 10.2, P < 0.002),

Conclusion: Visible T wave alternans was detectable in patients with chronic heart failure, especially under
tachycardia or catecholamine exposure. Investigating mechanical and mechanoelectrical alternans may
bring new insights into the management of patients with chronic heart failure. (J Cardiovasc Electrophysiol,

295

Vol. 15, pp. 295-299, March 2004)

chronic heart failure, dilated cardiomyopathy, tachycardia, mechanical alternans, T wave alternans

Introduction

Patients with chronic heart failure have a poor prognosis.
The two major causes of death in this patient population are
progressive heart failure and unexpected sudden death due to
ventricular fibrillation. The mortality of patients with chronic
heart failure increases in accordance with the deterioration
of cardiac functional class. However, almost half of the total
deaths results from progression of heart failure; the remainder
result from sudden death in any functional class.'"

Mechanical alternans is a poorly understood phenomenon
of alternating strong and weak beats with a constant beat-to-
beat interval. The phenomencn has been observed in patients
with severe congestive heart failure caused by global left
ventricular dysfunction. It is considered a terminal sign in
patients with chronic heart failure.*"7 Although the precise
origin of mechanical alternans remains uncertain, several ex-
perimental studies have suggested that mechanical alternans
is derived from abnormal intracellular Ca®* cycling in failing
cardiomyocytes.®10
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Electrical alternans is a phenomenon showing alternating
beat-by-beat changes in ECG contour under a constant R-R
interval. Electrical alternans is composed of QRS alternans
and ST-T wave alternans. QRS alternans has been considered
to be related to changes of the ventricular activation process
or positional oscillation of the heart. On the other hand, ST-T
wave alternans depends on oscillation of the action potential
duration.® This form of electrical alternans leads to an in-
crease in the dispersion of refractory periods. Indeed, ST-T
wave alternans has been shown to be a precursor of ventricu-
lar fibrillation in patients with acute coronary syndrome and
long QT syndrome.!!"14

Mechanical alternans seems to be related to the risk for
progressive heart failure, and T wave alternans may be related
to the risk for ventricular fibrillation. However, correlation
between both forms of cardiac alternans has not been fully
examined in clinical situations. In this study, we examined the
linkage between mechanical alternans and T wave alternans
in patients with chronic heart failure

Materials and Methods
Patients

The study population consisted of 94 consecutive pa-
tients (71 men and 23 women; mean age 50.8 + 13.8
years, range 18-71) with chronic heart failure due to mild-
to-severe left ventricular dysfunction (Table 1). Underlying
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TABLE 1
Characteristics of the Study Patients

Gender
Male 71
Female 23
Age (years)
18-39 19
40-49 24
50-59 24
60-T1 27
Underlying heart disease
Idiopathic dilated cardiomyopathy 78
Postmyocarditic dilated cardiomyopathy 8
Uremic cardiomyopathy 6
Previous mitral valve replacement 2

NYHA, functional class

I 5

II 55

111 34
Rhythm

Sinus 68

Atrial fibrillation 26
Beta-blocker

No 91

On titration™ 3
Left ventricular end-systolic volume indices

=59 26

60-99 38

100-149 19

>150 11
Ejection fraction

50-59 5

40-49 27

30-39 27

20-29 23

<19 12

*Low dose of beta-blocker was started but did not reach the maintenance
dose.
NYHA = New York Heart Association.

heart diseases were idiopathic dilated cardiomyopathy, post-
myocarditic cardiomyopathy, and other secondary dilated
cardiomyopathies. Patients with active myocarditis, signif-
icant valvular diseases, hypertensive heart diseases, hyper-
trophic cardiomyopathy, or ischemic heart diseases were ex-
cluded from the study. Sixty-eight patients with sinus rhythm,
the remainder had atrial fibrillation, Mean left ventricu-
Iar end-diastolic volume index of the study population was
127 + 42 mL/m?, and mean left ventricular ejection frac-
tion was 35 £ 10%. After admission to the hospital, conges-
tive heart failure was controlled. After written informed con-
sent was obtained, cardiac catheterization was performed in
each patient. All study protocols were approved by the ethics
committee of Niigata University.

Definitions and Assessment of Mechanical
and Electrical Alternans

Mechanical alternans was detected by direct measurement
of left ventricular pressure at diagnostic cardiac catheteriza-
tion. The magnitude of the pressure difference between the
strong and weak beats was defined as the alternating pressure,
Patients with sustained mechanical alternans, which was de-
fined as constant alternating pressure exceeding 4 mmHg that
continued for more than 20 beats, were judged as positive
for mechanical alternans. Patients with decay mechanical al-
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ternans were not included.” T wave electrical alternans was
assessed by surface 3-lead ECG monitoring or standard 12-
lead ECG, which was recorded simultaneously with left ven-
tricular pressure. Visually apparent alternating beat-by-beat
changes of ECG contour over 20 beats, not microvolt alter-
nans, was included in T wave alternans. When twoe blinded
cardiologists were in agreement, T wave alternans was judged
as positive. Decay alternans of both forms were judged as
negative in this study.

Pacing and Dobutamine Loading

In order to assess left ventricular functional reserve,
our cardiac catheterization protocol was supplemented with
physiologic tachycardia pacing and dobutamine infusion. The
occurrence of cardiac alternans was determined under this
protocol. Right atrial pacing at 110 beats/min was carried out
in the patients with sinus rhythm. We assessed cardiac alter-
nans at 100 beats/min in some patients when Wenckebach
AV block appeared at 110 beats/min. For the patients with
atrial fibrillation, right ventricular pacing at 110 beats/min
was performed. Patients with tachycardia > 1 10 beats/min un-
der base conditions or patients whose heart rate was not cap-
tured by right ventricular pacing were excluded prior to entry
into the study. After the pacing study, stepwise dobutamine
loading was performed. Dobutamine was intravenously in-
fused, with upward titration of the infusion rate at 5-minute
intervals, beginning with a dose of 2 ptg/kg/min and increas-
ing to 4 pg/kg/min and then 8 pg/kg/min. Three minutes
after the start of dobutamine infusion, constant pacing at
110 beats/min was started, then left ventricular pressure and
surface ECG were recorded at 5-minute interval.

Statistical Analysis

The clinical and hemodynamic parameters between the
two groups were compared using the unpaired Student’s ¢-
test. P < 0.05 was considered statistically significant.

Results
Prevalence of Mechanical and Electrical Alternans

The prevalence of mechanical and T wave alternans was
19.1% and 4.4% in 68 patients with sinus thythm at rest.
The frequencies were increased by phystologic tachycardia
and by low doses of dobutamine infusion (Table 2). During
pacing tachycardia, mechanical alternans was observed in
45.5% patients and T wave alternans in 8.0%. The frequen-
cies of mechanical and T wave alternans increased in 62.1%
and 9.5% under dobutamine loading. Qverall, prevalence of
mechanical alternans was 78% in patients with sinus rhythm
(53/68 patients) and 65% in patients with atrial fibrillation
(17/26 patients) under any condition. Consequently, 70 pa-
tients (74.5%) showed mechanical alternans, and 10 patients
(10.6%) revealed T wave alternans. T wave alternans always
appeared with large mechanical alternans (Fig. 1), and nocase
revealed T wave alternans without mechanical alternans. Al-
ternating pressure of mechanical alternans accompanied by
T wave alternans was larger than that not accompanied by
T wave alternans (18.4 £ 9.6 mmHg vs 10.4 £ 5.5 mmHg,
P < 0.05).
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TABLE 2
Prevalence of Mechanical and T Wave Alternans in Patients with Chronic
Heart Failure

No. of Mechanical T Wave
Condition Patients Alternans Alternans
At rest 68 13 (19.1%) 3 (4.4%)
Pacing 88 40 (45.5%) 7 (8.0%)
Dobutamine 74 46 (62.1%) T (9.5%)
Any condition 94 70 (74.5%) 10 (10.6%)

T wave aliernans always appeared with mechanical aliernans,

Left Ventricular Function of Patients With
and Without Cardiac Alternans

Patients with mechanical alternans revealed larger left
ventricular end-diastolic and end-systolic volumes than those
without. Left ventricular ejection fraction of patients with
mechanical alternans was lower than that of patients without
mechanical alternans. Among patients with mechanical alter-
nans, those with T wave alternans had lower left ventricular
ejection fraction than those without T wave alternans (27.5 +
4.4% vs 35.1 £ 10.2%, P < 0.002) (Table 3).

Follow-Up of the Study Population

The prognosis of the study patients was investigated,
Twenty-three patients died during follow-up: 13 congestive
heart failure, 8 sudden death, and 2 noncardiac causes. Me-
chanical alternans was observed in 9 of 13 patients who died
of heart failure, 6 of 8 who died of sudden death, and 1 of 2
who died of noncardiac causes, Of the 23 patients who died,
electrical alternans was observed in only 2 (1 heart failure and
1 sudden death). We could not draw any conclusion regarding
the importance of mechanoelectrical alternans in predicting
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the prognosis of patients with chronic heart failure in this
population.

Discussion

Mechanical alternans is highly prevalent in patients with
chronic heart failure. Furthermore, visible T wave alternans,
not microvolt alternans, also is detectable in this population,
especially during tachycardia or catecholamine exposure. T
wave alternans always appeared with large mechanical alter-
nans. Patients who showed mechanoelectrical alternans had
severely disturbed left ventricular function. The finding that
T wave alternans was closely linked to large mechanical al-
ternans may explain the linkage of ventricular fibrillation and
progressive heart failure in patients with chronic heart failure.

The precise origin of mechanical alternans still has not
been determined. Several theories have been proposed as the
primary cause of mechanical alternans, such as a mechanism
based on the Frank-Starling principle, an incomplete relax-
atton theory, a partial asystole theory, oscillation of the action
potential duration, and oscillation of Ca®* release from the
sarcoplasmic reticulum (SR).!5"'8 Recent experimental stud-
ies have suggested that oscillation of Ca?* release from SR
due to abnormal intracellular Ca®* cycling in failing my-
ocardium is the most reliable explanation for mechanical
alternans.>'* We previously reported on clinical studies in
which primary oscillation was associated with mechanical
alternans during the isovolumic contraction period, so the
Ca®* oscillation theory also is likely in patients with chronic
heart failure.” Abnormal Ca®* cycling is one of the impor-
tant intracellular events contributing to the pathogenesis of
failing myocardium. Accordingly, the occurrence of mechan-
ical alternans may be used as a clinical marker of the failing
myocardium in patients with chronic heart failure,

The primary origin of T wave alternans also is uncer-
tain. Spatial distribution of heterogeneous myocardium hav-
ing long or short refractory periods leads to partial asystole

o f\/\y/\/\u/\ /\U/\/\Vf

Figure 1. Simmultaneous recordings of left ventric- ﬂ

ular pressure and the surface ECG in a patient dur-
ing right atrial pacing at 110 beats/min (bpm), The
left ventricular pressure and first pressure deriva- Lv

I
1

tives (dP/dt) shows mechanical alternans. The al- '
ternating pressure Is about 20 mmHg. Concur-

rently, T wave alternans is apparent in the lead O mmHg

Vi

110 bpm
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TABLE 3
Left Ventricular Function in Patients With and Without Cardiac Alternans

M Alternans (-) M Alternans (=) M Alternans (+) M Alternans (4)

T Alternans (-} T Alternans (+) T Alternans (-) T Alternans (-4}
No. of patients 24 0 60 10
LVEDVI 116.8 £283 — 129.7 + 46.6 NS 136.1 + 38,6
LVESVI 7451242 — 86.5 + 41.3 NS 985+ 340
LVEF 363+11.1 — 351102 P < 0.002 275+ 44
Alternating pressure — — 10455 P < 0.05 184+ 9.6

LVEDVT = left ventricular end-diastolic volume index; LVEF = left veniricular ejection fraction; LVESVI = left

ventricular end-systolic volume index.

under tachycardia and reveals electrical alternans that has
features of both activation and repolarization alternans.®'#
Another explanation of T wave alternans is beat-to-beat al-
ternans of intracellular Ca?* concentration, which affects the
action potential duration.!® Both theories agree that T wave
alternans represents an abnormal and heterogeneous repo-
larization process in the myocardium, and that it is a pre-
dictor of polymorphic ventricular tachycardia or ventricular
fibrillation. Recently, microvolt T wave alternans has been

- investigated extensively as a way to stratify the risk of ven-
tricular fibrillation in various heart diseases.'™*® We used
visible T wave alternans in this study because a visually ap-
parent T wave alternans, not a microvolt alternans, usually is a
precursor to ventricular fibrillation.

Mechanical alternans can be provoked in isolated car-
diomyocytes.® Several experimental studies using cardiomy-
ocytes have revealed that mechanical alternans always is
accompanied by alternating changes of the action potential
duration through Ca*-dependent ion currents.?"?* Alternat-
ing changes of the action potential duration leads to ST-T
electrical alternans. Therefore, if the magnitude of mechan-
ical alternans, namely, intracellular Ca?* oscillation, is suf-
ficiently enough, T wave alternans will be manifested on the
surface ECG. In this study, T wave alternans appeared only
with large mechanical alternans, Another explanation is that
large mechanical alternans leads to movement alternans of the
heart in the chest, which would lead to activation and repo-
larization alternans. Most of the small mechanical alternans
was not accompanied by T wave alternans. If more sensitive
methods (e.g., microvolt T wave alternans) were used, ev-
ery mechanical alternans might be found to be accompanied
by electrical alternans. Mechanical alternans, especially the
large ones accompanied by T wave alternans, possibly can
be used to predict the risk for sudden death in patients with
chronic heart failure.

We previously reported that long-term beta-blocker ther-
apy could improve left ventricular function and suppress the
occurrence of mechanical alternans in patients with chronic
heart failure.?? Several multicenter clinical trials have re-
vealed that beta-blocker therapy could improve the progno-
sis of patients with chronic heart failure,>*?® Beta-blockers
can improve left ventricular function with long-term use.
Beta-blockers also can reduce the incidence of sudden death.
It is unclear whether the two major beneficial effects of
beta-blockers, namely, improvement of left ventricular func-
tion and reduction of the risk for ventricular fibrillation,
are derived from an independent or a common mechanism
of beta-blockers. Qur study elicits a unique explanation
that reduction of the risk for ventricular fibrillation may

depend on suppression of mechanoelectrical alternans by
beta-blockers.

Mechanical alternans was highly prevalent in patients with
chronic heart failure, especially during tachycardia and cat-
echolamine exposure. Visible T wave alternans also was de-
tectable in patients with chronic heart failure, and T wave
alternans always appeared with large mechanical alternans.
Among patients with mechanical alternans, cases with T wave
alternans showed severely disturbed left ventricular function.
This study demonstrated a linkage between mechanical al-
ternans and electrical alternans in patients with nonischemic
chronic heart failure.
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H., Mivazaxi, J. and A1zawa, Y. A Novel Method to Assay Proteins in Blood
Plasma after Intravenous Injection of Plasmid DNA. Tohoku J. Exp. Med., 2004,
202 (3), 155-161 — Gene therapy is expected to lead to new and useful methods
to treat diseases. The development of assays to quantitate gene-therapy-derived
proteins circulating in blood will be essential to investigate the effects and side ef-
fects of the introduced proteins. The purpose of this study is to evaluate whether
a protein circulating at trace concentrations in blood can be measured by tagging
a peptide corresponding to glucagon residues 19-29 onto its C-terminal end. We
constructed plasmids encoding chimeric proteins and transferred them into rats by
hydrodynamics-based delivery. When plasmids encoding human IL8-glucagon
19-29 chimeric protein were injected into rats to evaluate the accuracy of this
method, there was a high correlation between chimeric proteins measured by an
enzyme-linked immunosorbent assay for human IL8 and one by a radioimmunoas-
say for glucagon. Furthermore, when plasmids coding rat IFN gamma receptor IgG-
Fc glucagon 19-29 chimeric protein were injected to evaluate the time course of
chimeric proteins in blood plasma, we could calculate the concentrations in blood
from 10 g1 plasma samples using glucagon 19-29 tag as follows: 2815+2318 ng/ml
after 4 hours (mean+s.p.), 6061+2789 ng/ml after 8 hours, 575242270 ng/ml after
12 hours, 28701062 ng/ml after one day, 1440+334 ng/ml after three days, 1120+
433 ng/ml after seven days, and 281+162 ng/ml after 16 days. Blood sugar levels
which might have been increased by glucagon did not increase even at peak chime-
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ric protein concentrations. These results demonstrate a useful and convenient method
to assay gene therapy products circulating in blood using a glucagon 19-29 tagging

vector.

Recently, numerous attempts to accom-
plish gene therapy by using viral or plasmid
vector-based methods have been published (Liu
et al. 1999; Lawson et al. 2000; Quattrocchi et al.
2000; Maruyama et al. 2002; Matsui et al. 2002;
Watanabe et al. 2001). It is expected that these
new methods will be developed further and will
prove useful in the treatment of various diseases.
In many of these studies, it is essential to measure
the concentration of the synthesized protein in
blood. In general, proteins in blood are mea-
sured by an enzyme-linked immunosorbent assay
(ELISA) or radioimmunoassay (RIA). However,
if antibodies for these assays are not available, the
protein levels can be difficult to measure (Lawson
et al. 2000). The proteins synthesized by these
types of vectors are often tagged with peptides
containing 6-20 amino acids to aid in their purifi-
cation, for example poly-His-tags, the c-myc-tag,
the glutathione S-transferase tag, or the FLAG-tag
{(Denbow et al. 1996; Lu et al. 1997; Bouchard et
al. 1999; Hefti et al. 2003). We have previously
attempted to measure recombinant proteins using
poly-His-tags and Tag-100 and they were able
to be detected in transfected Cos-7 cell culture
medium, not in the blood of rat after intravenous
injection of plasmid DNA. The levels of tagged,
recombinant proteins derived from these plasmids
cannot yet be assayed with sufficient accuracy.
We decided to develop super-sensitive assays by
exploiting the tags on the proteins themselves, as
they are often unique markers for the recombinant
products.

In this study, we investigated whether a
plasmid vector that adds a peptide tag consist-
ing of glucagon residues 19-29 to the C-terminal
end of proteins could be exploited to measure the
concentration of the tagged protein in blood fol-
lowing gene therapy. This type of plasmid was
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injected rapidly into rats via the tail vein using
published protocol (Liu et al. 1999; Maruyama et
al. 2002} and the synthesized protein in blood was
measured by a commonly used glucagon assay kit
(Imagawa et al. 1979; Nishino et al. 1981) overa
16-day period following the injection. Glucagon
consists of 29 amino acids, and this peptide hor-
mone plays a physioclogical role by increasing
blood sugar and its amino acid sequence is the
same in mouse, rat and human {Lefebvre 1995;
Irwin 2001). Therefore, the expressed glucagon
19-29 peptides already exist in living bodies and
are thought to have low antigenicity in all three
species. The recombinant chimeric protein con-
tained a glucagon-derived peptide tag (residues
19-29) comresponding to 38% of the entire peptide
hormone. Assays of blood sugar in rats treated by
gene therapy using this protein indicated that pos-
sible glucagon-like side effects in fact did not oc-
cur. The synthesized protein would be expected
to have no glucagon-like side effects in the other
species either, due to the sequence identity of the
glucagon peptide in all three species.

MATERIALS AND METHODS

Plasmid DNA

To construct pCAGGS-IL8 glucagon 19-29,
the first PCR products of glucagon 19-29 DNA
were amplified using KOD Plus DNA polymerase
(TOYOBO, Osaka) and the following primers:
(5"-gaGAATTCATTTAAATgagaGCGGCCGCecc
aggtaaagcccaagatttigtgeagtggtig-3” with Swal and
Notl restriction sites and 5'-gagagagaGAATTCt-
caggtattcatcaaccactgeacaaaatcttggge-3') (Heinrich
et al. 1984). The amplified glucagon 19-29 DNA
was inserted into the pCAGGS vector using the
EcoRlI sites. Escherichia coli JM109 competent
cells were then transformed and recombinant
plasmids, i.e., pPCAGGS-glucagon 19-29, were
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