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Fig. 7. Collagen volume analysis of the non-infarct myocardium on day 28 afier MI: representative micrographs of Picrosirius red staining (a) and surnmarized
data for collagen volume fraction (b). Gelatin zymography for MMP-2 and MMP-9 in non-infarct myocardium on day 28 after MI: representative gel (c) and
summarized data for densitometric analysis (d). Each value is expressed as the ratio to the average of MMP-2 in Sham/LacZ mice. Values are mean+SD. TNFR1
(-) indicates post-MI treatment with AdLacZ; TNFR1 (+), post-MI treatment with AdTNFR1; Sham, sham-operated mice; ML, coronary ligated mice. *p<0.05

vs. Sham/LacZ mice, {p<0.05 vs. MI/LacZ mice.

augmented significantly in MI/TNFR1 mice. Both LV dP/dt,.«
and LV dP/dt,;,, which decreased significantly in MI, were
further lowered significantly by post-MI treatment with soluble
TNF receptors. Although body weight was similar among 4
groups, LV weight/body weight ratio increased significantly in
M1l and further exacerbated with TNFR1 treatment. Along with
increased LV end-diastolic pressure, lung weight/body weight
ratio also increased significantly in MI/LacZ mice with further
increment by TNFRI treatment. These results suggest that the
post-MI treatment with soluble TNF receptors exacerbates
ventricular remodeling and pulmonary congestion after MI.

3.2.2. Enhanced fibrosis in non-infarct myocardium with
further activation of MMP-2

Collagen was visualized in LV cross-section using
Picrosirius red staining (Fig. 7a). As summarized in Fig. 7b,
collagen volume fraction, which increased in non-infarct
myocardium of MI/LacZ mice, was further augmented
significantly by TNFRI treatment. To further elucidate the
mechanisms of increased myocardial fibrosis in MI/TNFR1
mice, MMP-2 and -9 activities were evaluated in non-infarct
myocardium on day 28 using gelatin zymography (Fig. 7¢). As
summarized in Fig. 7d, MMP-2 activity increased significantly
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after MI and was further activated by TNFRI treatment,
although MMP-9 activity was not altered.

These results indicate that post-MI treatment with soluble
TNF receptors exacerbates ventricular dysfunction and
remodeling, with enhanced fibrosis and further activation
of MMP-2 in non-infarct myocardium.

4, Discussion

Proinflammatory cytokines including TNF-a have been
implicated in the pathogenesis of cardiovascular diseases [6,7].
However, the roles of these cytokines in myocardial infarction
remain controversial. In the present study, we evaluated the
effects of soluble TNF receptor treatment on MI. Treatment
with soluble TNFR1 neutralized the bioactivity of TNF-a that
was activated after MI, and prevented apoptosis of infiltrating
cells in the infarct myocardium. However, pre-MI treatment
with soluble TNFR1 promoted ventricular rupture by reducing
fibrosis with further activation of MMP-9. Furthermore, post-
MI treatment with soluble TNFR1 exacerbated ventricular
dysfunction and remodeling, and enhanced fibrosis in non-
infarct myocardium with further activation of MMP-2.
Because both pre- and post-MI treatments with soluble
TNFR1 were deleterious in a mouse model of MI, TNF-a
may play some protective roles in MI.

We used AATNFR1 to block the effects of TNF-o after ML
We have previously confimed the efficacy of AdTNFRI
treatment in transgenic mice with cardiac-specific overexpres-
sion of TNF-a [18]. Injection of 10° pfu of AdTNFRI
increased plasma levels of soluble TNFR1 substantially and
ameliorated myocardial inflaimmation induced by TNF-«
overexpression for 6 weeks [18]. In the present study, pro-
inflammatory cytokines and chemokines including TNF-a,
IL-1p, IL-6, TGF-p, MCP-1, and RANTES were up-regulated
in infarct myocardium 3 days after coronary ligation. Pre-MI
treatment with AATNFR1 increased plasma levels of soluble
TNFR1 as previously reported [18]. Although AdTNFRI
treatment did not affect the transcript levels of proinflamma-
tory cytokines and chemokines, it significantly blocked the
bioactivity of TNF-a in infarct myocardium. These results
indicate that treatment with AJTNFR1 neutralizes the effects
of TNF-a induced after MI. Furthermore, induction of
proinflammatory cytokines and chemokines in infarct myo-
cardium is not solely mediated by TNF-a.

Cardiac rupture is an acute fatal complication that occurs
during the early phase after MI. Disorganized infarct healing
and the resultant deficiency or disruption of extracellular
matrix (ECM) at the infarction site may lead to myocardial
rupture. In the present study, we have shown that pre-MI
treatment with soluble TNFR1 increases ventricular rupture
after MI without affecting systemic blood pressure or heart
rate, but significantly reduced collagen content of infarct
myocardium with further MMP-9 activation. Because
targeted disruption of MMP-9 is known to prevent
ventricular rupture after MI [22], further activation of
MMP-9 may be the primary cause of increased ventricular

rupture in this mouse MI model. Further activation of MMP-
9 may be attributed to increased macrophages in soluble
TNFR1-treated infarct myocardium, because macrophages
produce substantial amounts of MMP-9 [21]. Increased
macrophages may result from the anti-apoptotic effects of
soluble TNFRI1, because apoptosis of infiltrating cells was
significantly attenuated by the treatment. These results
suggest that TNF-a may be necessary for proper coordina-
tion of tissue repair processes after MI.

TNF-a is a potent inducer of apoptosis in a variety of cells
including macrophages and myocytes [5,20]. In the present
study, we have demonstrated that treatment with soluble
TNFRI1 decreases the number of apoptotic cells in infarct
myocardium 3 days after MI, which is consistent with the
blockade of TNF-a bioactivity by the treatment. Most of the
apoptotic cells were interstitial infiltrating cells including -
macrophages, rather than myocytes. Because the number of
infiltrating cells was not different between AdLacZ- and
AdTNFR 1-treated infarct myocardium 1 day after MI, the
increase in relative number of macrophages in AJTNFRI-
treated infarct myocardium after 3 days was probably due to
decreased apoptosis of infiltrating cells. In contrast, Kurrel-
meyer et al. [15] reported that targeted disruption of both
TNFRI and TNFR2 increased the size of infarct myocardium
by enhancing apoptosis of cardiac myocytes within 24 h after
MI, suggesting that TNF-a may protect cardiac myocytes from
ischemic injury by preventing apoptosis. Furthermore, pre-MI
treatment with TNF-a has been shown to ameliorate ischemic/
reperfusion injury with induction of MnSOD [23]. These
results suggest that the pathophysiological roles of TNF-« in
the subacute phase of MI (more than 3 days) may be different
from those in acute ischemia (within 24 h). TNF-a may protect
cardiac myocytes from cell death in acute ischemia, but
promote apoptosis of infiltrating cells to resolve inflammation
in the subacute phase.

Moyocardial infarction leads to complex structural altera-
tions in both infarct and non-infarct myocardium, resulting in
progressive dilatation and dysfunction of the ventricle
(remodeling). TNF-« is induced in the failing human heart
[2]. Its role in the progression of ventricular remodeling is
inferred from findings that TNF-a suppresses cardiac
contractility [3], provokes myocardial hypertrophy [4], and
induces apoptosis in cultured cardiac myocytes [5]. However,
in the present study, treatment with soluble TNFRI further
exacerbated ventricular dysfunction and remodeling even
when given after the acute phase. These results suggest that
TNF-a may protect infarct and non-infarct myocardium from
the progression of remodeling. The dynamics of synthesis and
breakdown of ECM proteins play an important role in post-MI
LV remodeling. In particular, increased expression and
activation of MMPs have been implicated in this process
[21]. Several studies have demonstrated that MMPs are
involved not only in cardiac rupture [19,22] but also in LV
remodeling and failure [24,25]. Among the known MMPs,
MMP-2 and MMP-9 have been shown to play an important
role in post-MI remodeling [19,24]. Although MMP-9 is
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mainly expressed in infiltrating inflammatory cells such as
neutrophils and macrophages, MMP-2 is ubiquitously distrib-
uted in cardiac myocytes and fibroblasts and is up-regulated
after ML In the present study, we have demonstrated that post-

MI treatment with soluble TNFR1 further activates MMP-2 in

non-infarct myocardium, while the pre-MI treatment augments
MMP-9 in infarct myocardium. Furthermore, we have
previously reported that targeted disruption of MMP-2 as
well as MMP-9 attenuates not only ventricular rupture but also
~ ventricular remodeling after MI [19]. Therefore, exacerbation
of ventricular remodeling and dysfunction after TNFRI
treatment may be mediated by further activation of MMP-2,
although the precise mechanism by which MMP-2 is further
activated remains undetermined.

The present findings contradict the results of Sun et al. [12]

using TNF-a knockout mice. Targeted disruption of TNF-a by

gene knockout significantly reduced acute cardiac rupture and
improved chronic left ventricular dysfunction after MI,
accompanied by a reduction of cardiac inflammatory cell
infiltration, cytokine expression, and MMP-9 activity. Chron-
ically, TNF-a knockout mice also showed less fibrosis and
apoptosis in the myocardium remote from the infarct zone,
which contributed to improved ventricular function [12]. These
results are thoroughly opposite to ours. Although gene targeting
completely eliminated TNF-a in myocardium, the absence of
TNF-a during embryogenesis and development may have
altered other signaling pathways to secure physiological growth
of these mice. Therefore, the differences between the present
study and the previous report may be attributed to the methods
adopted to block the effects of TNF-a.

TNF-a initiates its biological effects by binding two distinct
cell surface receptors with approximate molecular masses of
55 kDa (TNFR1) and 75 kDa (TNFR2) [1]. Both receptors are
expressed in most cell types, including cardiac myocytes.
Although most biological activities of TNF-a are signaled
through TNFR1, the role of TNFR2 remains unclear. Targeted
disruption of TNFRI has been shown to reduce ventricular
rupture and remodeling after MI [13]. Furthermore Higuchi et
al. [26] have recently demonstrated that ablation of TNFR1
ameliorated heart failure and improved survival while ablation
of the TNFR2 gene exacerbated heart failure and reduced
survival of TNF-a transgenic mice, suggesting a cardiopro-
tective role of TNFR2-mediated signaling. Therefore, exacer-
bation of ventricular rupture and remodeling observed in the
present study may have derived from blockade of TNFR2-
mediated signaling. Because the dissociation constants of
TNFR1 and TNFR2 are 2-5x 107 '% and 3-7x 107", respec-
tively [1], high levels of TNF-a interact with both TNFR1 and
TNFR2, while low levels may only stimulate TNFR2
pathways. In other words, low levels of soluble TNF receptors
may only block cytotoxic TNFRI, whereas high levels of
soluble TNF receptors may also block the protective TNFR2.
Because plasma levels of soluble TNF receptors in the present
study (about 500 pg/ml) were more than 100 times higher than
clinical plasma levels (approximately 0.3—3 pg/ml) [27], these
high levels may block the protective TNFR2 resulting in

deleterious results. Using lower doses of soluble TNF
receptors may produce different results.

Another explanation for the negative results of the present
study might be intrinsic toxicity of soluble TNF receptors
[7]. Soluble TNF receptor also acts as a carrier protein that
stabilizes TNF-a resulting in the accumulation of high
concentrations of immunoreactive. TNF-a [18]. Because
binding of TNF-a—~TNFR complexes is-reversible [28], the
increase in level of TNF-a—TNFR complex may lead to an
increase in the duration of TNF bioactivity. Specifically, this
might be the case for soluble TNFR2 fusion proteins,
including etanercept that was used in RENEWAL [8].
Studies of the binding of TNF-a with soluble TNF receptor
fusion proteins have shown that TNFR2 exchanges bound
TNF-a about 50- to 100-fold faster than TNFR1 [29]. Thus,
although both fusion proteins in equilibrium bind TNF-a
with high affinity, the TNF-a—TNFR1 fusion protein
complex is kinetically more stable than the TNFR2 fusion
construct. Because the soluble TNF receptors used in the
present study were TNFRI, the intrinsic toxicity might have
been less than that if TNFR2 were used. To confirm this
hypothesis, we measured the bioactivity of TNF-a in the
myocardium, and found that the bioactivity was significantly
reduced by the treatment. Therefore, this might not be the
case in the present study.

Although the negative results of anti-TNF clinical trials in
patients with heart failure prompted us to conduct the present
study, there are several important aspects that are different
between the present study and the clinical trials. First, acute
myocardial infarction was used as a model of heart failure in
the present study, while patients with chronic heart failure
were recruited in the clinical trials. The roles of proin-
flammatory cytokines might be different in acute and chronic
phases of myocardial infarction. Second, the dosage of
soluble TNF receptors used in the present study was more
than 100 times higher than that used in the clinical trials.
Effects of high doses should be different from those of lower
doses, which remain undetermined in this mouse MI model.
Therefore, caution has to be exercised in interpreting the
present results in association with the clinical trials.

In conclusion, treatment with soluble TNF receptors
increases ventricular rupture and exacerbates cardiac remodel-
ing in a murine model of MI. Because TNF-a seems to play
both cytotoxic and protective roles in cardiovascular diseases,
further studies are required to elucidate the optimal approach to
modulate proinflammatory cytokines in clinical practice.
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Significance of Asymmetric Basal Posterior Wall Thinning in Patients
With Cardiac Fabry’s Disease

Makoto Kawano, MD?, Toshihiro Takenaka, MD?, Yutaka Otsuji, MD**, Hiroyuki Teraguchi, MD?,
Shiro Yoshifuku, MD? Toshinori Yuasa, MD?, Bo Yu, MD?, Masaaki Miyata, MD?,
Shuichi Hamasaki, MD*, Shinichi Minagoe, MD?, Yuichi Kanmura, MDP, and Chuwa Tei, MD?

Although classic Fabry’s disease results in multiple causes of death, the cardiac variant
of Fabry’s disease affects only the cardiac system and results in initial symmetric left
ventricular (LV) hypertrophy and later LV dysfunction, asymmetric basal posterior LV
wall thinning, restrictive mitral flow, and functional mitral regurgitation with end-
stage chronic heart failure (CHF), leading to death. The purpose of this study was to
investigate whether these findings predict prognoses in patients with cardiac Fabry’s
disease. In 13 consecutive men with cardiac Fabry’s disease, LV wall thickness, the
ejection fraction, mitral E-wave deceleration time, the LV Tei index, and functional
mitral regurgitation were measured by echocardiography. Patients were followed for 5
to 96 months (mean 41 * 9). Eight patients developed New York Heart Association
class III CHF, and 6 experienced cardiac death. A LV Tei index >0.60 and basal
posterior LV wall thinning with a ratio of ventricular septal to posterior wall thickness
>1.3 significantly preceded CHF and death (Tei index: 4.4 and 5.1 years; posterior wall
thinning: 4.0 and 4.7 years), respectively (p <0.05). In conclusion, an increased LV Tei
index and asymmetric basal posterior LV wall thinning.are important echocardio-
‘graphic findings that precede CHF and cardiac death in patients with cardiac Fabry’s
disease. © 2007 Elsevier Inc. All rights reserved. (Am J Cardiol 2007;99:261-263)

Patients with classic Fabry’s disease show multiple organ

involvement, leading to heterogenous causes of death.1:2 In -

contrast, an atypical variant of Fabry’s disease with mani-
festations limited to the heart, reported as cardiac Fabry’s
disease,3* is more frequent than previously expected and
can be found in 3% to 6% of men with left ventricular (LV)
hypertrophy.>¢ We have empirically observed that patients
with cardiac Fabry’s disease initially present with symmet-
ric LV hypertrophy without chronic heart failure (CHF) but
later show LV dysfunction, asymmetric LV basal posterior
wall thinning without ventricular septal thinning, restrictive

mitral flow, and functional mitral regurgitation with end- -

stage CHF and cardiac death. The purpose of this study was
to investigate the natural history of these findings and to
characterize predictors of New York Heart Association
(NYHA) class III CHF or cardiac death in patients with
cardiac Fabry’s disease.

Methods and Results

Four hundred fifty consecutive patients with ventricular

septal or posterior wall thickness =13 mm were screened by .

the measurement of plasma a-galactosidase A activity from
1992 to 1996 at our institution, and 13 men were diagnosed
with cardiac Fabry’s disease using the following criteria:
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Figure 1. Serial echocardiograms of a patient with cardiac Fabry’s disease
at 57 (left) and 63 (right) years old. Ventricular septal and posterior wall
thicknesses changed from 21 and 18 to 19 and 7 mm, respectively, with the
development of CHF. LA = left atrium; LV = left ventricle; RV = right
ventricle.

(1) low plasma «-galactosidase A activity (<4.5 nmol/hour/
ml)3; (2) ventricular septal and/or posterior wall thickness
=13 mm; (3) no clinical features of classic Fabry’s disease,
including angiokeratoma, acroparesthesia, hypohidrosis,
and corneal opacity; and (4) accumulation of glycosphingo-
lipid in biopsied cardiomyocytes and/or a-galactosidase A
gene abnormalities.” These patients were followed for 41 *+
9 months by serial echocardiography, with intervals of 1 to
24 months (mean 3.3 * 1.1). Clinical profiles are listed in
Table 1. Coronary angiographic results were normal, and
written informed consent was obtained from all patients.
Ventricular septal and posterior wall thicknesses were
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Figure 2. Kaplan-Meier curves showing that ventricular septum/posterior wall
thickness ratio (VSth/PWth) >1.3 and 1.7 significantly preceded NYHA class
Il CHF and cardiac death in patients with cardiac Fabry’s disease.

measured with echocardiography, and their ratio was
calculated, with 1.2 defined as the upper limit of normal .8
The LV ejection fraction was measured by the biplane
Simpson’s method, and left atrial dimension was mea-
sured by M-mode echocardiography. A mitral flow re-
strictive filling pattern was defined as an E/A ratio >2
and E-wave deceleration time <150 ms.? The Tei index,
combining systolic and diastolic function, was obtained
by mitral filling and aortic ejection flow.'® Mitral regur-
gitant volume was quantified by Doppler echocardiogra-
phy.

Statistical analysis was performed using StatView ver-
sion 5.0 (SAS Institute Inc., Cary, North Carolina). Clinical
and echocardiographic data after the introduction of enzy-
matic replacement therapy were excluded from analysis.
The event-free rate from the ventricular septum/posterior
wall thickness ratio >1.3, 1.5, 1.7, or 1.9; LV ejection
fraction <50%; left atrial dimension >40 mm; restrictive
mitral flow; Tei index >0.50, 0.60, 0.70, or 0.80; mitral
regurgitant fraction >30%; NYHA class III; and cardiac
death was calculated using the Kaplan-Meier method. A
p value <0.05 was considered significant,

NYHA class IIl or IV CHF developed in 8 of the 13
patients during follow-up. Six died, and the cause was CHF

Table 1 .
Clinical, enzymatic, pathologic, and genetic characteristics of patients
No. Age at Previous Plasima a-gal A Accumulation Gene Age at NYHA Duration of Age at
Diagnosis (yrs)  Diagnosis  Activity (nmol/h/ml) in Myocyte Abnormality Class Il (yrs)  Follow-Up (mo)  Death (yrs)
1 47 HC 1.5 + NE NYHA <III 20 Alive
2 57 HC 04 + A20P 62 85 64
3 60 HC 1.0 0 F229L NYHA <III 16 Alive
4 62 HC 1.2 + Decreased mRNA 67 76 68
5 62 HC 1.3 + NE 63 25 64
6 66 HC 09 + NE 66 7 66
7 70 HC 0.6 + Decreased mRNA 73 40 74
8 71 HC 1.4 + NE 73 46 Alive
9 71 HC 0.7 + Decreased mRNA 75 55 76
10 74 HC 10 + NE NYHA <III 6 Alive
11 79 HC 0.6 NE Decreased mRNA 80 96 Alive
12 43 HHD 1.1 + NE NYHA <III - 5 Alive
13 62 HHD 0.6 + M2961 NYHA <III 58 Alive
a-gal A = a-galactosidase A; HC = hypertrophic cardiomyopathy; HHD = hypertensive heart disease; mRNA = messenger ribonucleic acid; NE = not
examined.
in all 6 patients. Most patients with CHF demonstrated
1 1 Cardiac death (!) I',V systo}ic and diastolic dysfunction, with reduc;ed
© o] P<0.05 ejection frgctxons, shor_u?ned mitral E-wav_e de_:ce!eratlon
© times, and increased Tei indexes; (2) left atrial dilation; (3)
8067 VSth/PWith NYHA 1 asymmetric basal posterior LV wall thinning (Figure 1); and
< >13 i (4) significant mitral regurgitation. The ages at the devel-
§ 0.47 { / opment of these findings are listed in Table 2.
Q 0.21 ; Among the evaluated echocardiographic events, Kaplan-
) Meier analysis identified significant associations with pro-
ol : . i ' i gression to NYHA class III CHF and cardiac death for a Tei
45 S50 55 60 65 70 75 80 85 index >0.60 and ventricular septum/posterior wall thick-
Age (years) ness ratio >1.3, 1.5, and 1.7 (Figure 2). A Tei index >0.60

preceded NYHA class III CHF and death by 4.4 and 5.1
years (p <0.05), respectively. Ventricular septum/posterior
wall thickness ratio >1.3, 1.5, or 1.7 significantly preceded
NYHA class III CHF and cardiac death by 4.0, 3.8, or 3.4
and 4.7, 4.5, or 4.1 years (p <0.05), respectively. )

Discussion

This study demonstrated that an increased Tei index and LV
basal posterior wall thinning were significantly associated
with progression to NYHA class III CHF and cardiac death
in patients with cardiac Fabry’s disease. Other findings,
such as a reduced LV ejection fraction, restrictive mitral
flow, left atrial dilation, and significant mitral regurgitation,
occurred temporally close to the development of CHF or
cardiac death and were unable to predict disease progression
by Kaplan-Meier analysis. These results may lead to a better
understanding of the natural history of cardiac Fabry’s dis-
ease and better timing to start enzymatic replacement or
gene therapy.!i-14

" The Tei index enables the prediction of outcomes in
patients with cardiac amyloidosis and other diseases.!s
Basal posterior LV wall thinning and fibrosis have also
been reported in patients with cardiac involvement in
classic Fabry’s disease.!6:'7 The findings of the present
study are consistent with these and further demonstrate
that an increased Tei index and asymmetric LV basal
posterior wall thinning are associated with progression to
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Table 2
Age at event occurrence

No. Echocardiographic Events Clinical Events
LV Tei Index VS/PW LAD LVEF Restrictive MR Fraction NYHA Cardiac
>40 mm <50% Mitral Flow >30% Class I Death
>050 >060 >070 >0.80 >13 >15 >17 >19
1 49 49 NE NE NE NE NE NE 49 NE NE NE NE NE
2 57 60 60 60 59 59 59 60 59 59 62 62 62 64
3 60 60 60 NE NE NE NE NE NE NE NE NE NE NE
.4 65 65 65 67 63 63 63 63 66 63 66 68 67 68
5 62 62 62 62 57 57 62 62 62 62 63 64 63 64
6 66 66 66 66 64 66 66 66 66 66 66 66 66 66
7 73 73 73 73 73 73 73 73 73 73 73 73 73 74
8 72 72 73 73 68 68 68 71 73 71 73 NE 73 NE
9 75 75 75 75 72 72 72 72 75 75 75 75 75 76
10 74 74 74 NE 72 72 72 NE 74 74 NE NE NE NE
11 80 80 80 NE 80 80 80 80 80 80 80 NE 80 NE
12 43 NE NE NE NE NE NE NE 43 NE NE NE NE NE
13 66 66 NE NE 62 62 66 66 NE 66 NE NE NE NE
Mean 64.8 66.8 69.4 70.0 672 674 678 694 68.3 69.0 70.6 70.7 71.2 " 71.9
SE 3.0 2.5 2.1 1.9 22 22 20 22 29 2.1 20 1.7 2.1 1.7

Means and SEs were obtained by the Kaplan-Meier method.
EF = ejection fraction; LAD =

thickness; VS = ventricular septal thickness.

CHF and cardiac death in patients with cardiac Fabry’s
disease.

Although the incidence of cardiac Fabry’s disease is
more common than previously believed,>$ its incidence and
the utility of screening in patients with LV hypertrophy
need to be established with a large number of patients. A Tei
index >0.60 and LV basal posterior wall thinning were
associated with progression to CHF and cardiac death in
patients with cardiac Fabry’s disease, whose causes of death
were uniformly cardiac. However, the results may not be
generalized to classic Fabry’s disease with heterogenous
causes of death. Tissue Doppler imaging and the Tei index
may allow the earlier and better prediction of cardiac Fab-
ry’s disease before the development of structural abnormal-
ities,'® which requires further investigation.
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Abstract

Clinical efficacy of skeletal myoblast (skMb) transplantation is
patients with dilated cardiomyopathy (DCM). Based on immunol- 6gic:

tion of 3-sarcoglycan (SG) gene, skMb engraftment in TO-2 my,

roversial whether this treatment produces beneficial outcome in
tolerance between wild-type and DCM hamsters with the dele-
x 10° cells in ~100 mg heart) was verified by the donor-spe-

cific expression of 8-SG transgene constitutively produced throughout myogene51s At 5 weeks after the transplantation, the cell rates
expressing fast-myosin heavy chain (MHC) exceeded slow-MHC in 3- SG cells. Fifteen weeks after (corresponding to ~12 years in

humans), fast MHC? cells nullified, but the 3-SG*/slow
myocytes via connexin-43 and intercalated disc, modest
sparsely disseminated in autopsied myocardium. The
is promising for repairing DCM heart using histocom;
© 2007 Published by Elsevier Inc.

Keywords: Cell transplantation; Skeletal myoblast; F:
Connexin-43; Intercalated disc; Fusion

ct ce;ll number remained unaltered. These skMbs fused with host cardio-
ing the hemodynamics without arrhythmia, when engrafted skMbs were
de us evidence that disseminating delivery of slow- MHC" myoblasts
le skeletal myoblasts in future.

itch muscle; Slow-twitch muscle; Dilated cardiomyopathy; 8-Sarcoglycan; Myosin heavy chain;

DCM accounts for appromma ly one-half of clinical
cases with advanced heart fai HF). In spite of the
steady progress in both basi¢.and clinical researches, the
prognosis of patients with BCM:jsstill poor [1]. Cardiac
transplantation is so far the most life-saving treatment of
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AdHF, though various sociomedical problems exist intrin-
sic to this treatment. Skeletal myoblast (skMb) transplan-
tation has now reached a novel strategy for improving
cardiac dysfunction secondary to ischemic injury [2--5],
leaving clinical argument of arrhythmogenic substrate [6]
or equivocal outcome in randomized and placebo-con-

“trolled study in MAGIC trial [7].

When a responsible gene causing DCM is identified,
gene-targeted therapy using a long-lasting and non-harm-
ful vector is one of the most promising options for prevent-
ing the progression from moderate cardiac dysfunction to
AdHF [8]. This treatment might be less effective for restor-
ing the necrotic cardiomyocytes. Though DCM is non-cor-
onarogenic, the final pathway to AJHF would be common
to ischemic heart disease [9-11]. SkMb transplantation
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after the gene normalization ex vivo would have the poten-
tial for supplementing adaptable cells in DCM heart where
the original cardiomyocytes are already lost. TO-2 strain
hamster is suitable for the study of human DCM, because
the 8-SG gene is commonly deleted in both species with
DCM [12-14] and similar clinical features are progressively
shown including AdHF and sudden death [8,9,14].

Most studies on the cell-transplantation have employed
immunosuppression procedures or immunodeficient ani-

-mals to avoid rejection provoked in the recipients. As pre-

sented by 6-SG gene knockout mice, X-ray irradiation
increased the number of donor-derived nuclei without
advantage for the transgene expression [15]. Present study
was focused following fundamental problems; (1) identifi-
cation of promising cells among skMbs, (2) their efficient
delivery and engraft- ment, using immunologically tolerant
allografts from normal control to DCM hearts and (3)
evaluation of physiological features of the engrafted heart
after the short- and long-term follow-up.

Materials and methods

Because the space for this publication is limited, we shifted all sections
for Experimental procedures to Supplementary Material. All statistical
values are expressed by means + SEM. Multiple groups were compared by

one-way ANOVA followed by Bonferroni’s post hoc test. P value below .:

0.05 was considered statistically significant.

Results and discussion

As a source of progenitor cells for cardiac musclc re
a wide variety of stem cells have been reported;:
skMb, cardiomyoblast, adipose tissue, and b
cells, but it is still controversial whether th
cells actually transdifferentiate to cardiomy
Considering clinical setting in the treatme:
of these cells should be evaluated with gre

the skMb transplantation, beca’ e slow-twitch muscle
fibers are preferentially presentsin this#muscle [2]. When
the life-threatening arrhythmias areiavoided [5,6], skMb
might be the most promising“for the clinical application
among these candidate ti ause human studies have
already shown a clear im t of cardiac failure after
myocardial infarction [3}andsuccessful engraftment within
a scar [4]. Other progenitor cells are attractive but still
remain at an experlmé al.stage [19]. The cause of discrep-
ancy between two phase I studies [20,21] on intracoronary
injection trial of bone marrow-derived progenitor cells in
acute myocardial infarction may be explained by the heter-
ogeneity of administered cells.

Furthermore, endogenous 6-SG at the sarcolemma (SL)
might be reliable for identifying the engrafted skMb and its
maturation, because of the three reasons listed below; (1)
6-SG exclusively exists in muscle cells, but not in other con-
taminant cells [22,23], (2) Among all SGs, 6-SG is exception-

ally expressed throughout myogenesis from myoblast to
myocyte [24] and (3) 5-SG is the most resistant to hydrolysis

by anendogenous protease, m-calpain, which degrades other
SGs as well as dystrophin in vitro [10]. Unique characters of

m-calpain are compatible with recent scheme that the loss of
component of SG proteins may be caused by the activated m-
calpain secondary to pathogenic conditions [11,12,23,25].
All of these settings are associated with the disruption of dys-
trophin and increment of the. SL permeability, resulting in
the vicious cycle of cardiag muscle degeneration in failing
hearts in various animal r

Time-dependent expression of ast- and slow-thtch MHCs
in DCM heart

i skin grafting indicated an immu-
nological tolg ween the control and TO-2 strain
hamsters (Te: et al,, in press). At 5 weeks after the
skMb transplantation, double fluorescence microscopy
revealed: th 90% of the engrafted cells identified by 8-
SG expressign on the SL (Fig. 1A) coexhibited prelabeled
DAPI™" nuclei beneath the SL (pink arrows in Fig. 1B) or

the center of myoplasm (pink arrowheads in Fig. 1B).
wed an alternative staining for fast-twitch MHC
towheads in Fig. 1C) or slow-twitch MHC (blue
frows in Fig. 1D) in the adjacent serial sections. Because
itio acid sequence of slow-twitch MHC is the same as
B cardiac MHC (26), immunological identification using

Preliminary

"‘MHC antibodies was difficult to discriminate transfected

slow-muscle fibers from the recipient cardiomyocytes.

We employed another marker, 8-SGs as donor-derived
cells. Those cells presenting fast- twitch isoform of MHC
were more abundant than those presenting slow-twitch
MHC (blue arrows in Fig. 1D). Some cells (~10%) were
stained for both the slow and fast isoforms of MHC (yel-
low arrows in Figs. 1C, D). Quadriceps femoris muscle
from which the skMb allografts were prepared showed 8-
SG on the SL (data not shown) and demonstrated an alter-
native expression of fast- or slow- twitch MHC. No cells

were co-stained with both fast- and slow-twitch MHC anti-

bodies. The predominant expression of fast-twitch MHC

after the engraftment was similar to original constituent

of MHC isoform in normal donor muscle.

At 15 weeks, the population of fast- and slow-twitch
MHC™ cells was reversed. Most cells (~80%) that were
intensely stained with anti-8-SG antibody (yellow arrows
in Fig. 1E) or weakly stained (yellow arrowheads in
Fig. 1E) matched with pre-labeled DAPI™ nuclei of the
engrafted cells beneath the SL (pink arrows in Fig. 1F)
or at the center of myoplasm (pink arrowheads in
Fig. 1F). The cells with an intense staining for 8-SG (yellow
arrowheads in Fig. 1E) expressed slow- twitch MHC (blue
arrows in Fig. 1H) and the rest shrunk cells with a weak
stain for 8-SG (yellow arrowheads in Fig. 1E) revealed
co-expression of both fast- and stow MHCs (blue arrow-
heads in Fig. 1G, Fig. 2H). The cells exclusively demon-
strating fast-twitch MHC were not detected.
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Fig. 1. Histological evaluation of engrafted skMbs in TO-2 heart at 5 weeks (A-D) or 15 weeks (E-H}) after the cell transplantation. Double fluorescence
microscopy of FITC-labeled antibody to §SG (A) or DAPI-prelabeled nuclei (B) of the donor cells shows the predominant expression of fast-twitch MHC
(orange arrowheads in C, G), compared with slow-twitch MHC (D,H). Note that some cells expressed both fast-twitch and slow-twitch MHC (yellow
arrows in C and D). Nuclei of engrafted skMbs with intense staining along SL (yellow arrows in E) and weak staining (yellow arrowheads in E) were
situated at the center (pink arrows in F) and the subsarcolemma (pink arrowheads in F) of engrafted cells, respectively. Blue arrows and arrowheads in G
or H denote the engrafted skMbs expressing slow-twitch MHC alone and both fast- and slow-twitch MHC, respectively. Original magnification 100x, and

bar length indicates 100 pm.

The fast-twitch MHC in  8-SG'  cells occupied
66.0 = 7.1% at S weeks andidecreased to 1.3+ 1.0% at 15
weeks (Fig. 2A, p <0.01).:Jn contrast, the expression level
of the slow-twitch MHC shared 23.0 & 1.1% of 8-SG™ cells
at 5 weeks and enhanced to 80.0 +9.0% at 15 weeks
(p <0.01). Within 10-week interval, the estimated cell num-
ber of fast- MHC" cells drastically reduced in the whole
heart (Fig. 2B), while Cx-43" cells slightly but significantly
increased (p < 0.05). It should be intensified that the num-
ber of slow-twitth MHC?Y/6-SG* cells remained
unchanged between 5 and 15 weeks after the cell transplan-
tation (27.3 &£ 9.7 x 10% vs. 18.2 £ 5.0 x 10, respectively).

The time-dependency of cell population was confirmed
by the Western blotting of fast-twitch MHC protein. Com-
pared with the trace expression in cultured skMbs (Fig. 2C,
lane s), the protein density corresponding to the fast-twitch
MHC increased 5.99 £ 1.58-fold (Fig. 2C, lanes a—d, n = 4)
at 5 weeks after the cell transplantation, suggesting the
differentiation from skMbs to matured fast-twitch
myocytes and their proliferation in the host hearts. Consid-
ering the total amount of protein in whole left ventricular
muscle and skMbs, enormous amount of fast-twitch
MHC was estimated to be synthesized after the cell-
transplantation.
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slow-twitch MHC in 8-SG™ cells at 5 and 15 weeks after the skMb
transplantation (A) or estimated cell-number in whole heart (B). Western
blotting of fast-twitch MHC (arrow in upper picture) in the hearts of TO-2
hamsters at 5 (a~d) or 15 weeks (e-h) after the skMb-transplantation (C)
M, T, and s denote the positive control of fast-twitch MHC, TO-2 hear
without the cell-transplantation, and whole protein sample in skMb.
applied, respectively. Note the huge production of fast-twitch MHC at §
weeks, but the trace expression at 15 weeks (within a rectangle under lane
e-h).

, the
reduced

At 15 weeks after the cell transplantati
amount of fast-twitth MHC drama i

evaluate therapeutic efficacy ofthe cell: émsplantation. .

Morphological alteratio ed myoblasts

The connexin (Cx)- yression in facet between the
grafted and host cells was also dependent on the duration
after the engraftment A S.weeks after the cell-transplanta-
tion, most of engrafted cells did not show Cx-43 between
the donor and the host cells (data not shown). At 15 weeks
after, however, more than 10% of the transplanted cells
carrying 8-SG demonstrated positive staining for Cx-43
(Figs. 3A and B), suggesting that Cx-43 synthesized de novo
in the engrafted cells formed a gap junction (Figs. 3B and
F) and might serve for an electrical conduction, as is the
case between cardiac muscle cells [21]. Double fluorescence
microscopy of §-SG immunostaining and Dil as the SL

marker to identify the donor cells clearly demonstrated
that not all transplanted skMbs, but the §-SG* and Dil*
cells, selectively presented Cx-43 (Fig. 3C). Between 5

and 15 weeks after the cell-transplantation, the cell popula-
tion co-expressing both Cx-43 and 8-SG on the same cells .

increased 4-fold (from 2.56 4+0.55% to 10.4 £ 3.7%,
p<0.01, Fig. 2A).

Furthermore, serial adjacent sections (Figs. 3D-F) using
triple or quadra-staining with Dil (red), DAPI (blue), 6-SG
(green), and fast-twitch ( .:3D) or slow-twitch MHC
ed that the engrafted skMbs

cell- engrafting for t‘
expression of Cx-43

(Fig. 3D), but
amino acid s

hé:survival of engrafted cells was dependent on the cell
density for the transplantation. In sham operation without
11-transplantation, no cells showed Dil (Fig. 4A) in

'TO-2 heart and numerous TUNEL™ nuclei (Fig. 4B) at

e locus corresponding to the degraded tissue (Fig. 4C).
When skMbs were transplanted at the locally dense condi-
tion (Fig. 4D), TUNEL™" cells became scarcely detected
except the non-specific staining at the site corresponding
to the densely located Dil™ cells (Fig. 4E) and degraded
myocardium (Fig. 4F).

In contrast, when prelabeled Dil* skMbs were sparsely
disseminated in TO-2 heart (Fig. 4G), no cells demon-
strated TUNEL™ staining (Fig. 4H) and showed neatly
arranged myocardium without degradation (Fig. 4I). In
the progression of heart failure from mild to advanced
stage, not only apoptosis but also autophagy would con-

-tribute to myocardial cell death in DCM hearts [27].

Because TUNEL staining uses end-labeling of fragmented
DNA, it was difficult to precisely discriminate these two
types of cell-death. Present results, however, clearly dem-
onstrate that sparse and diffuse delivery was preferable
for the efficient cell-engrafting.

The exact reason why not all Dil* cells present §-SG
was unclear (Fig. 3C). It would be conceivable that fast-
twitch myocytes with highly energy-consuming and requir-

ing large amount of oxygen and nutrients might be eradi-

cated by the natural selection secondary to apoptosis
(Fig. 4E) in TO-2 heart, leaving slow-twitch muscles under
the limited myocardial slow. In general, the amount of con-
stituent protein is dependent on the dynamic equilibrium of
biosynthesis and the proteolysis in vivo. We have shown
that dystrophin and its related proteins remained constant
at the early phase of ischemic cardiomyopathy without
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Fig. 3. Connexin (Cx)-43 expression between the engrafted skMbs and host cardiomyocytes. Immunostaining of Cx-43 (A), merged picture with 8-SG
along SL (B), and double fluorescence picture of 5-SG and Dil-prelabeled skMbs (C). Quadra-staining of serial three sections of engrafted cells in TO-2
heart at 15 weeks (D-F). Red, blue, and green indicate florescence of Dil for the SL, DAPI for the nucleus, and FITC-labeled antibody to 8-SG,
respectively. Note that the engrafted skMbs expressed 8-SG along the SL (D-F), not fast-twitch (D), but slow-twitch MHC (E), Cx-43 at both ends (black
arrows in F), and nucleus at the center of the myoplasm (pink dashed arrow in F), Original magnification 100X, and bar length indicates 100 pm.

Di apoptosis - H'Eu

Fig. 4. Cell density dependent apoptosis and/or autophagy of engrafted cells detected by TUNEL staining in TO-2 hearts. Without cell-transplantation,
most cells showed no Dil (A) and numerous TUNEL" nuclei (B) at the loci corresponding to degraded myocardium (HE staining in C). When the skMbs
were transplanted at locally dense condition (upper Dil™ portion near to epicardium, D), TUNEL" cells were scarcely detected except the non-specific
staining at the densely transplanted site (E) and degraded myocardium (F). In contrast, when Dil* skMbs were sparsely disseminated in TO-2 heart (G),
no cells showed TUNEL" staining (H) in neatly arranged myocardium (I). Original magnification 100X, and bar length indicates 100 pm.
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heart failure, accompanying the compensatory overexpres-
sion of each mRNA. In contrast, at the end stage of heart
failure, no compensatory expression of both the transcript
and transgene caused loss of these proteins, being exceeded
by their increased proteolysis [11]. The cell subgroup with
less intense 8-SG™ at 15 weeks after the skMb-transplanta-
tion (Fig. 2A) might represent the degrading cells during
the selection of transplanted cells.

Pouly et al. have reported functional efficacy of skeletal

-myoblast transplantation, using CHF147 strain hamsters

which genetically lack 6-SG gene [28]. At 4 weeks after
the intramural administration of skMb, 2D echo study
revealed functional improvement, myotube formation,
and positive staining for fast-twitch MHC of skeletal mus-
cle cells. The histological study also demonstrated multinu-
clear fiber oriented parallel to the surrounding cardiac cells.
These findings are in agreement with our data at 5 weeks in
TO-2 strain after the cell-transplantation, though the
expression of slow-twitch MHC was not examined. As
was shown by Attar et al. [29], long-term follow-up to 1
year in rat myocardial infarction model demonstrated the
functional benefits of autologous skMb transplantation.
However, they reported that both the fast- and slow-twitch
MHC isoforms were expressed. The exact reason of dis-
crepancy is unknown, but might caused by the difference
between the clinical stetting i.e., DCM of genetic origin
and myocardial infarction.

Effect of sk Mb-transplantation on hemodynamics and
arrhythmia ;

able space to discuss the effect on physiological action
is limited and will be presented in_:ith '
section. :

Current results would imply th
in cell-transplantation employing not th
and slow-twitch cells that may:caus

tic significance
ixture of fast-

selected slow-twitch muscle:
acteristics as cardiac muscl
cal performance, metab
homogeneous electric ¢onduetion via Cx-43 and interca-

the regenerative mediciite,
with similar properties to cardiac muscle cells and how to
select the slow-twitch myoblasts ex vivo.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/
J-bbrc.2007.11.084.
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CLINICAL STUDIES

Usefulness of the brain natriuretic peptide
to atrial natriuretic peptide ratio in determining
the severity of mitral regurgitation

Ken Shimamoto MD, Miyako Kusumoto mMD, Rieko Sakai MD, Hirota Watanabe mD,
Syunichi lhara MD, Natsuha Koike MD, Masatoshi Kawana MD

K Shimamoto, M Kusumoto, R Sakai, et al. Usefulness of the
brain natriuretic peptide to atrinl natriuretic peptide ratio in
determining the severity of mitral regurgitation. Can } Cardiol
2007;23(4):295-300.

BACKGROUND: Arrial natriuretic peptide (ANP) and brain natri-
uretic peptide (BNP) levels were characterized in subjects with mitral
regurgitation (MR).
METHODS: Sixty-two cases of maderate or severe chronic MR were
studied. The blood levels of neurohormonal factors were stratified by
the known MR prognastic factors of New York Heart Association
(NYHA) functional class, left ventricular end-diastolic diameters, lef
ventricular end-systolic diameter (LVDs), ejection fraction (EF), lefe
arrial diameter and presence of atrial fibrillation (AF).
RESULTS: ANP levels were higher in NYHA class 1 and lower in
classes I and IIJTV (P=0.0206). BNP levels were higher in NYHA
* class I than class I (P=0.0353). The BNP/ANP ratio was significantly
higher in NYHA classes IT and HI/IV than in class | (P=0.0007). To
differentiate between NYHA classes IfIl and YV, a cut-off
BNP/ANP ratio of 2.97 produced a sensitivity of 78% and specificity of
87%. Compared with subjects in sinus thythm, parients with AF had
an enlarged lefe atrium and lower ANP levels. The BNP/ANP ratio
correlated significantly with left arrial diameter, LVDs and EF
(r=0.429, P=0.0017; r=0.351, P=0.0117; and r=-0.349, P=0.0122;
respectively), and was signiticantly higher among all the known oper-
ative indications for MR tested (LVDs 45 mm or more, EF 60% or less,
NYHA class 11 or greater and AF; P=0.0073, P=0.003, P=0.0(02 and
P=0.0149, respectively).
CONCLUSIONS: In chronic MR, levels of ANP and BNP, and the
BNP/ANP ratio are potential indicators of disease severity.

Key Words: Awial namiuretic peptide; Brain nawiureric pepride;

Lutilité du ratio entre le peptide natriurétique
cérébral et le peptide natriurétique auriculaire
pour déterminer la gravité de la régurgitation
mitrale

HISTORIQUE : Les raux de peptide natriurétique auriculaire (PNA) et
de peptide natriurétique cérébral (PNC) étaient caractéristiques che: des
sujets atteints Jde régurgitation mitrale (RM).
METHODOLOGIE : On a énudi¢ 62 cas de RG chronique modérée 3
grave, On a stratifié les raux sanguins Je facteurs newro-hormonaux selon
les facteurs pronostiques connus de RM pour la classe fonctionnelle de (a
New Yurk Heart Association (NYHA), les diametres ventriculaires gauches
en fin de diastole, le diamétre ventricuhire gauche en fin de systole
(DVG). la fraction. d'éjection (FE), le diametre auriculaire gauche et la
présence de fibrillarion auriculaire (FA).
RESULTATS : Les taux de PNA éraient plus élevés dans a classe I de la
NYHA et plus faibles dans les classes | et HIAV (P=0,0206). Les taux de
PNC éuaiens plus élevés dans la classe 11 de ba NYHA que dans la classe [
. {p=0,0355). Le rutio PNA/PNC érait considérablement plus élevé dans les
classes Il ct 1V de la NYHA que dans fa classe | {P=0,0007). Pour
. distinguer L classe I/11 de la NYHA de la classe AV, un ratio PNA/PNC
" seuil de 2,97 produisair une sensibilit¢ de 78 % er une spécificité Je 87 %.
Par rapport aux sujets ayant un nythme sinusal, les patients arteints de FA
présentaient une hypercrophie auriculaire gauche er des raux de PNA plus
taibles. Le ratio PNA/PNC émit comélé de manigre significative avec le
dismétre auriculaire gauche, les DVG et la FE (r = 0,429, p = 0,0017:
r=0351, p=00117% err = -0,349, p = 00122; respectivement) et était
considériblement plus élevé dans tures les indications connues de RM
évaluées (DVG 45 mm ou plus, FE 60 % ou moins, classe [1 de ln NYHA ou
plus et FA; p = 0,0073, p = 0,003, p = 0,0102 et p =0,0149, respectivement).
CONCLUSIONS : En cas de RM chronique, les taux de PNA et de PNC
et le ratio PNA/PNC sont des indicateurs potentiels de [a gravité de la
maladie.

Cardiac function; Heart failure: Mitral reurgitation
In chronic mitral regurgitation (MR), increased preload and
reduced afterload due to unloading from the left ventricle
(LV) into the left atrium (LA) leads to compensatory dilation
of the LV and facilitates LV ejection. Although this response
initially maintains cardiac output, myocardial decompensation
eventually results in heart failure symproms and an increased
risk of sudden death. In addition, backflow into the LA results
in enlargement of the LA, atrial fibrillation and elevated pul-
monary pressures. In some patients, LV contractility is irre-
versibly impaired in the absence of symproms (1-3). Thus,
deferring surgical intervention often leads to irreversible post-
operative LV dysfunction. Valve replacement or valvuloplasty
is essential before the myacardial damage becomes irreversible.

Early valvuloplasty conducted when hearr failure is mild has
been reported to improve prognosis (4). In clinical practice,
hawever, it remains difficult to decide che timing of surgery
defined by mild heart failure symptoms and preserved cardiac
function.

Some reports have shown that preoperative LV function
(LV end-diastolic diameter ILVDM), LV end-systolic diameter
[LVDs)] and ejection fraction [EF]), LV wall thickness, LA size,
LA area, pulmonary hypertension, and atrial fibrillation are
goad predictors of survival and postoperative LV dystunction.
The American College of Cardiology/American Heart
Assaciation guidelines recommend considering symptoms and
LV function, especially EF and LVDs, as useful parameters in
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TABLE 1

Baseline characteristics of patients grouped according to functional severity
Overal} NYHA class | NYHA
Variable (n=62) {n=8) (n::!ls‘)"l ! NY"A(:::: i (by ANOl:IA or x?)
Age. years (mean + SD) 63.6213.2 54.7115.4 64.6£13.1 65.3t11.4 0.1582
Male sex, % 76
Prolapseftom chordae tendineae, n 623
Systolic BP, mmHg (mean £ SD) 123.6220.8 122.3:146 124.6120.0 121.7422.8 0.8019
Diastolic BP, mmHg (mean = SD) 69.9112.9 70.3273 69.1£11.0 71.7119.0 0.8474
Hean rate, beats/min (mean ¢ SD) 71.9212.8 67.8111.7 70.9411.9 76.3215.1 0.3497
Serum creatinine, pmol/L. (mean £ SD) 97.2135.4 79.6126.5 88.4%17.7 132.6144.2°t 0.0043
Serum sodium, mmoUL (mean + SD) 140.212.5 140.642.2 140.242.8 140.1£2.2 0.0810
Serum potassium, mmol/L (mean t SD) 4.0:0.4 39403 4.120.4 4.010.5 0.8372
Atnial fibriltation, n 7 1 20 16 0.0022
Concomitant drugs. n
Digitalis 2 19 8 0.2889%
Furosemide [+} 20 19 0.0068*
Spironolactone 0 13 6 0.1202t
Angiotensin-converting enzyme inhibitors 3 13 10 0.8126%
Angiotensin receptor blockers 0 2 3 0.2877%
Nitrates 0 13 ] 0.0804%
Calcium antagonists 2 7 2 0.5802%

*P<0.05 versus New York Heart Association (NYHA) class I, Tukey-Kramer's post hoc lest; 1P<0.05 versus NYHA class Il, Tukey-Kramer's post hoc lest.

*Goodness-oi-ifi iesi for y*. BF Biood pressure

clinical decision making on the timing of an operation (2).
However, little data are available on the association of neuro-
hormonal factors with operative indication. With the above
hackground, we evaluated whether atrial natriuretic peptide
(ANP) and brain nartriuretic peptide (BNP) levels may indicate
the severity of MR and timing of surgery by comparison with the
known prognostic factors and operative indications.

METHODS
Sixty-two cases of chronic MR with at least moderate regurgita-
tion un echocardiography or at least Sellar class 3 regurgitation on
LV angiography Jdiagnosed in the Department of Cardiology at the
Aoyama Hospital (Tokyo, Japan) berween 1996 and 2002 were
studied. The cases included 47 men and 15 women with a mean
(+ SD) age of 63.6z13.2 years (range 31 to 85 years). Patients
with acute heart tailure and acute exacerbations of chronic heart
- failure were excluded. MR was caused by prolapse in all 62 cases
and by tom chordae tendineae in three cases, as revealed by
echocardiography. Seven patients had a history of hypertension,
tour patients had diabetes and one patient had cerebrovascular
discase. The degree of heart failure according to the New York
Heart Association (NYHA) functional classification was class | in
cight cases, class Il in 33 cases, class 11l in 14 cases and class [V in
five cases. The medical therapy, clinical findings and biochemical
profiles by NYHA class are shown in Table .

At the hospital, all patients were treated with maximal medical
treatment using diuretics and vasodilarors. After parients were sta-
bilized, blood was collected in the early moming, with the patients
at rest for radivimmunoassay measurements of the ANP, BNP and
serum norepinephrine levels, plasma renin activity and plasma
aldosterone concentration. Cardiac funcrion was evaluated by
echocardiography, and LA diameter (LAd), LV, LVDs, EF and
right ventricular systolic pressure (RVSP) were measured. In five
NYHA class ] cases, tricuspid regurgitation was not detected, and
RVSP could not be measured. Operative criteria for MR were

286

determined in accordance with the American College of
Cardiology/American Heart Association guidelines (2).

Echocardiographic methods
All subjects underwent standard two-dimensional echocardiogra-

~ phy with a commercially available system (Hewlett Packard Sonos

5500, Hewlett Packard, USA) using a multifrequency MH: rrans-
ducer. LV and LA dimensions were obrained by M-mode echocar-
diography, guided by two-dimensional imaging. Mirtral valve
pralapsc was defined as the superior displacement of the leaflets
during systole in a two-dimensional echocardiographic long-axis
view of the LV. The degree of MR was assessed by the size, pene-
tration and flow velocity of the regurgitant jet (5).

Measurement of natriuretic peptide levels

Once patients had been in a supine position for at least 60 min
after waking, a blood sample drawn from a peripheral vein was
immediately placed on ice and wansferred to the laboratory at the
samc hospital. After plasma extraction, the samples were stored in
a deep freezer until they were used. BNP and ANP levels were
measured by standard radicimmunoassay (Shionoria ANP kit and
Shionoria BNP kit, Shionogi & Co, Japan) within 24 h. The nor-
mal values of ANP and BNP are less than 13.9 pmol/L (43 pg/mL),
and less than 5.3 pmol/L (18.4 pg/mL), respectively.

Statistical analysis

Continuous variables are expressed as mean = SD), unless otherwise
stated. Differences between groups described by categorical vari-
ables were analyzed by the x° test for goodness-of-fit. Simple lincar
regression analyses were performed to correlare neurchormonal lev-
¢ls with echocardiographic parameters and NYHA functional class.
Clinical variables and NYHA class were assessed by ANOVA,
followed by Tukey-Kramer’s post hoc test, as appropriate. For the
relationship between neurohormonal levels and operative criteria,
a Mann-Whitmey's U test was performed. All P<0.05 were regarded

Can J Cardiol Vol 23 No 4 March 15, 2007
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TABLE 2 . i
Clinical results of patients grouped according to functional
severity -

BNP/ANP ratio in mitral regurgitation

TABLE 3 .
Correlation coefficients of neurohormones with cardiac
function

NYHA class | NYHA class I NYHA class UV P Parameter
= A
Variabte (n=8) (n=35) {n=19) (by ANOVA) - Cardiac function y p
Ech fography (ma2n 2 SO) 1 PAC Left atrial diameter 0.269 0.0742
LVDd, mm 60616.8 $8.7:5.7 66'7*"'?' gozx Left ventricular end-diastolic diameter ~ 0.485  0.0008
LVDs. mm 354157 37'6*‘7'0 46.48.8 90 Left ventricular end-systolic diameter 0.36¢ 0.0159
EF. % 64.3:70  61.0:9.1 51.749.5°7  0.0007 ony ]
Ejection fraction -0.084 0.6801%
LAd. mm 41,1216 49.519.0 84.2212.3*1  <0.0001 ot i 0339 00227
RVSP, mmHg 33.1336 51.8216.2 52.8214.1 0.1180 PRA Left atial diameter o : -
Neurohormanes (mean £ SD) Left ventricular end-diastolic diameter -0.056 0.7195
o Left ventricular end-systolic diameter  -0.054 0.7297
PRA. ng/Us 1.281.3 1.321.3 1.5:1.0 0.7318 sction fract 0023 08821
PAC, nmollL 0242009  0.3520.32 0.2820.24 0.5996 Ejection fraction : :
sNA LeR atrial diameter 0.475 0.0030

SNA, pmolL 1243.24355.2 2545.6£1065.6 3078.411953.6 0.0788
ANP, pmol/L 8.4£10.7 35.9£36.9 16.3¢15.4 0.0206
BNP. pmolL 7.7:11.6 62.11£56.0" 56.6443.9 0.0355

Clinical variables and New York Heart Association (NYHA) class were
assassed by ANOVA, and then Tukey-Kramer's post hoc tes!, as appropriate.
*P<0.05 versus NYHA class I; 1P<0.05 versus NYHA class !l. ANP Atrial
natriuretic peplide; BNP Brain natriuretic peptide. EF Ejection fraction;
LAd Left atnal diameter; LVDd Left icular end-diastolic diameler,
LVDs Left ventricular end-systolic diameter; PRA Plasma renin activity:
PAC Plasma aldosterone concentration; RVSP Right ventricular systolic pres-
sure; SNA Serum norepinephnne

ANP BNP . BNP/ANP ralwo

o ’ Y . ! .

ng'ml ANTVA Px00w ANGVA Pupri388 agm ANOVA lpaj::;’:
a Pec X wn peiios "
«n . =0 u
~It 2

“n
«n L
u (5 1] s
m B C ok c-
[ i . A . o . g :
o - B H A | g
e A " . & -
] Iy i momav [} noomey
NYHA cluss

Figure 1) Relationship of the New York Heart Association (NYHA)
funcrional class with avial namiuretic peptide (ANP) level, brain natri-
uresic pepride (BNP) level and the BNPIANP tatio. No significant
increases in ANP or BNP levels were observed in NYHA class HIJIV.
The BNPJANP ratio increases with incveased severity according w0
NYHA class

as having statistical significance. To determine whether the
BNP/ANP ratio predicts the severity of heart failure, the recciver-
operating characteristic (ROC) curves for various cut-off
BNP/ANP ratios were compared with NYHA class. Analyses were

performed using StatView 5.0 software (SAS Institute, USA) and

SPBS 9.37 sofrware (ComWorks Co Ltd, Japan).

RESULTS

NYHA functional class and echocardiographic variables or
neurohormonal plasma levels -

As shown Table 2, the LVDd was significantly larger in
class I/IV (ANOVA, P=0.0232; Tukey-Kramer's post hoc
test, class 11 versus class II/IV, P<0.05) and LVDs was also sig-
nificancly larger in class HII/IV (ANOVA, P=0.0004; Tukey-
Kramet's post hoc test, class 1 versus class HI/IV, P<0.05;
class 11 versus class 111/IV, P<0.05). EF was significantly lower
in NYHA class 11I/IV (ANOVA, P=0.0007; Tukey-Kramer's
post hoc test, class | versus class 111/IV, P<0.05; class I} versus
class [IJIV, P<0.05). The LAd was significantly dilated in
NYHA classes 11I/IV (ANOVA, P<0.0001; Tukey-Kramer's

Can J Cardiol Vol 23 No 4 March 15, 2007

Left ventricular end-diastolic diamater 0461 0.0047
Left ventricular end-systolic diameter 0.247 0.1465
Ejection fraction 0.121  0.4812
ANP Left atrial diameter -0.179 0.1899
Left ventricular end-diastolic diameter -0.136 0.1546
Left ventricular end-systolic diameter  =0.222  0.1063
Ejection fraction 0.150 0.2802
BNP Left atrial diameter -0.038 0.7873
Left ventricular end-diastolic diameter -0.098 0.4838
Left ventricular end-systolic diameter -0.017 0.9038
Ejection fraction -0.085 04991
BNP/ANP ratio Left atrial diameter 0.429 0.0017
Left ventricular end-diastolic diameter 0215 0.1300
Left ventricular end-sysiolic diameter 0351 o0.0117
Ejection fraction -0.349 0.0122
ANP Alrig! natriuretic peplide: BNP Brain natriuretic peplide; PAC Piasma aldos-
tarone concentration; PRA Piasma renin aclivily; SNA Serum narepinephrine
GRS

post hoc test, class | versus class 11I/1V, P<0.05; class Il versus
class 1II/IV, P<0.05). RVSP was not significancly different
among the NYHA functional classes (ANOVA, P=0.1180).

There were no differences in plasma renin acrivity, plasma
aldosterone concentrations or serum norepinephrine levels
between patients in NYHA classes I, 11 and H/IV. The ANP
level was significantly different among NYHA classes, showing
a tendency to increase in class Il and significantly decrease in
classes I[I/IV (ANOVA, P=0.0206). The corresponding BNP
level was higher in NYHA class Il (ANOVA, P=0.0355;
Tukey-Kramer’s post hoc test, class | versus class 1l: P<0.05)
(Table 2 and Figure 1).

Echocardiographic variables and neurchormonal
plasma levels
A weak correlation was observed between plasma aldosterone

“concentration and LVDd. (r=0.485, P=0.0008) or LVDs

(r=0.361, P=0.0159), between plasma rcnin activity and LAd
(r=0.339, P=0.0227), and berween norcpinephrine and LAd
(r=0.475, P=0.003) or LVDd (r=0.461, P=0.0047). ANP and
BNP levels showed no correlation with LAd, LVDd, LVDs and
EF (Table 3). ’

LA size, atrial fibrillation and natriuretic peptides

Overall analysis showed no correlation between ANP levels
and LAd (r=-0.073). While ANP levels increased with a mild
increase in LAd, they decreased when the LAd was markedly
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Figure 2) Relationship of left amial diameter (LAd) and brain natri-
uretic peptide (BNP) to arvial namiweic peptide (ANP) ratio. The
BNP/ANP ratio shoued a positve corvelution with LAd. Padents with
atmial fibrillation (closed circles) had larger LAd than patients in sinus
rhythm (open circles)
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Figure 3) Comparison of brain namiuretic peptide (BNP) to arriul
namiteretic peptide (ANP) vado by aperative indications according to
the American College of Cardiology/{American Heart Association
guidelines. Mann-\Whitney's U test was performed. Box plot shows
wedian (cenere line), first and third quartiles (top and botrom of box),
and lowest and highest values (vertical lines) of ANP and BNP level,
and BNPIANP raiio. Significant diffevences in BNP/JANP ratio were
obsevved for all the American College of Cardiology/American Heart
Association indications, comprising New York Heart Association
(NYHA) functional class, left ventricular end-systolic diameter
(IN'Ds), ejection fraction (EF) and presence of arvial fibrillation

increased with increased atrial fibrillation. BNP levels showed
the same tendency (Figure 2).

BNP/ANP ratio
The mean (£ SD) BNP/ANP ratio (1.1£0.9 versus 2.4x1.9
versus 4.6+2.8 in NYHA classes 1, 11 and HI/1V, respectively)
increased significantly in NYHA class 1H/IV (ANOVA,
P=0.0007; Tukey-Kramer's post hoc test, class | versus classes
11V, P<0.05; class 11 versus class [H/1V, P<0.03) (Figure 1).
A weak correlation was detected berween the BNP/ANP
ratio and LVDs (r=0.351, P=0.0117) or EF (r=-0.349, P=0.0122)
(Table 3). The BNP/ANP ratio increased with an increase in
atrial diameter (r=0.429, P=0.0017) (Figure 2).

Operative indication and neurchormonal levels

The neurchormonal levels were compared between two groups
divided by the known operative indications for MR, namely,
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TABLE 4
Sensitivity and specificity of natriuretic peptide leveis and
echocardiographic parameters for symptoms

NYHA class | versus NYHA class Vil versusg
class Imuv class NV
Sengitivity Spacificity Sensitivity Spacificity
Variable (%) (%) AUROC (%) (%) AUROC
BNP 96 7 0.91 NA NA 0.56
ANP 70 13 0.16 47. 64 0.61
BNP/ANP 88 83 0.82 78 87 0.86
LAd 84 100 0.89 61 95 0.88
LvDs 38 100 0.66 39 100 079 .
EF 39 88 0.75 90 51 0.72

ANP Atrial natriuretic peptide; AUROC Area under the receiver-operating
characleristic curve; BNP Brain nalnuretic peptide; EF Ejection fraction; LAd
Left atrial diameter; LVDs Left icular end-systalic diameter: NA Not avail-
able; NYHA New York Heart Asscciation

NYHA class Il or greater, EF 60% or less, LVDs 45 mm or larger
and the presence of atrial fibrillation. No significant differ-
ences in plasma renin activity and plasma aldosterone concen-
tration were observed for all the operative indications. The

serum norepinephrine level was significantly higher in NYHA
clacs 11 or grearer “’un O0R3Y and arrial fibrillarion

VAVQL) ang  alnal niation

(P=0.0288). ANP level was significantly higher in NYHA
class 11 or greater (P=0.0055), and BNP level was significantly
higher in NYHA class 1! or greater (P=0.0006) and atrial fib-
rillation (P=0.0019). The BNP/ANP ratio was signiticantly
higher in EF of 60% or less (P=0.0030), LVDs 45 mm or more
(P=0.0073), NYHA class 1] or greater (P=0.0102) and the
presence of atrial fibrillation (P=0.0149) (Figure 3).

ROC curves for NYHA classification

The clinical use of the BNP/ANP ratio as an indicator of dis-
ease severity was analyzed by ROC curves. The sensitivity,
specificicy and area under the ROC curve for symptoms by
natriuretic peptide levels and echocardiographic measures are
shown in Table 4. For NYHA classes l/IL/IV, a cut-off
BNP/ANP ratio of 1.20 produced a sensitivity of 88%, speci-
ficity of 83% and area under the ROC curve of 0.82. For
NYHA class 111/1V, a cut-oft BNP/ANP ratio of 2.97 produced
a sensitivity of 78%, specificity of 87% and area under the
ROC curve of 0.86 (Figure 4). The area under the ROC curve
was higher for cach of the BNP/ANP ratios than for levels of
ANP and BNP, as well as the echocardiographic measures of
the LVDd, LVDs and EE

DISCUSSION
In the present study, ANP and BNP levels increased among all
moderate or severe chronic MR cases. However, while ANP
and BNP levels increased with the progression of heart failure
symptoms, no increases were observed in NYHA class IHI/1V; in
fact, ANP levels showed a decrease in this class. On the other
hand, ANP and BNP levels showed no primary correlation
with LV function measurements such as LAd, LV diameters
and LVEE Although ANP levels increased initially with atrial
enlargement, they decreased when the enlargement became
marked. Similarly, BNP levels tended to decrease with marked
enlargement of the arium. However, the BNP/ANP ratio
increased with the progression of heart failure symptoms,
decreased LV function and larger LAd.
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Activation of the neurchormonal system is a self-compensatory
mechanism against heart failure. Neurchormonal factors, such
as the vasoconstrictors norepinephrine, renin and endothelin-1,
play imporunt roles in the pathogenesis of heart failure and
have been reported to be prognostic predictors of heart failure
(6-8). ANP and BNP are secreted from cardiomyocytes sec-
ondary 10 increased atrial and ventricular wall stretch. After
release from the heart, the circulating natriuretic peptides bind
to peripheral receptors, resulting in natriuresis, vasodilation,
inhibition of the renin-angiotensin-aldosterone system and
cardioprotection.

Little data are available on neurochormonal factors in valvu-
lar disorders, especially the kinetics of natriuretic peptides. In
valvular disorders, ANP and BNP levels are affected by the site
of valve damage (mitral, aortic, etc), the form of Jdamage
(regurgitation, stenosis), the severity of valve dystunction
(regurgitant fraction, effective orifice arca), as well as ventric-
ular and atrial function (9-13). Chronic LV volume overload as
a result of MR leads to compensatory dilation of the LV. In
addition, backflow into the LA results in enlargement of the
LA, arrial fibrillacion and pulmonary hypertension. MR is
characterized by chronic volume overload and atrial fibrilla-
tion causing extensive degenerative change in the atrium
(14,13). In MR, ANP and BNP levels are expected to vary
depending on the severity and duration of individual cardiac
cavity overload (10,11).

ANP is mainly stored as secretion granules in atrial
myocardiocytes, and secretion is rapid (15). Overstretching
of the atrial muscle and increased depolarization are proposed
to be the stimuli for ANP secretion (16,17). Although ANP
levels increase in atrial fibrillation, reports (18-21) have indi-
cated that levels are lower among patients with atrial fibrilla-
tion of longer duration duc to the degenerative change
(awrophy and fibrosis) of arrial myocytes. In MR, chronic
atrial overload and atrial fibrillation probably lower the ANP
level.

BNP is a cardiac neurohormone specifically secreted from
the ventricle in response to volume expansion and pressure
overload (22-25). BNP is a truly ventricular hormone, and
responds to changes in LV filling pressure. BNP may be a more
sensitive and specific indicator of ventricular disorders than
other natriuretic peptides (26,27). BNP level provides prognos-
tic information independent of other variables previously asso-
ciated with mortality and sudden death in patients with chronic
heart failure, and is more useful than ANP or norepinephrine
tor predicting a poor prognosis (27,28). :

BNP mRNA is expressed in atrial muscle, where BNP is
also secreted; both have been reported to increase by atrial
 fibrillation and hypertrophy (24,29-32). Although the kinet-
ics of atrial-derived BNP in heart failure are not fully known,
some studies (23-25) propose that the atrium is the major
saurce of secretion in the carly stage of lowered cardiac func-
tion, and that BNP levels from the ventricle increase after
the progression to heart failure. BNP and ANP are structurally
similar, and BNP is probably also stored in secretion granules
(16,33). Therefore, in chronic atrial fibrillation, it is likely
that BNP sccretion also decreases due to degeneration or
atrophy and fibrosis of the atrial muscle, similar to ANP. In
chronic MR, we speculate that despite an increase in levels of
the mainly ventricle-derived BNP, the atrium-derived BNP
levels may decrease when atrial damage becomes severe, and
as a result, the nec BNP level does not increase.
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BNP/ANP ratio in mitral regurgitation
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Figure 4) Recciver-uperating chavactevistic curves for the brain natri-
urctic peptide (BNP) 1o arrial namiuretic peptide (ANP) ratio w deter-
mine the severity for heant faihae. Areas under the cirve are 0.82 (New
York Heart Association [NYHA] cluss I versus class IIIIV) and 0.86
(NYHA dass IflI versus class HI/IV)

Clinical implications

In practice, clinical decision on operative indication is most
difficult for NYHA class 1l patients with mild symptoms. In the
present study, ANP levels, BNP levels and the BNP/ANP
ratios vary greatly in NYHA class 11, probably reflecting a wide
spectrum of disease conditions in this group. In clinical prac-
tice, assessment of symptoms may be difficult. It is likely that
in some patients, the symptoms were not a consequence of
MR, while others were classified as asymptomatic because they
undertook little activity or neglected subtle symproms. The
results of the present study suggest that natriuretic pepride test-
ing may add to the information obtained by echocardiography
in the assessment of MR in clinical practice.

Limltations

BNP is mainly secreted in the ventricle, proportional to volume
expansion and pressure overluad (25). Cheung and Kumana (34)
suggested that the BNP level reflects the long-term intravascular
volume, rather than the momentary volume. On the other hand,
Tsutamoto et al (27), Cheng et al (35) and Nakagawa et al (36)
considered BNP to be an emergency hormone, responding
instantaneously to ventricular volume overload. Unfortunately,
we have little information on the stability or reproducibility of
BNP levels measured over time in heart failure patients who
have a stable course (37,38). In the present study, ANP and BNP
levels were measurcd only once in the majority of patients.
While changes in BNP level are supposed to reflect the pathol-
ogy of heart failure, whether a single-baseline measurement
determination during chronic heart failure accurately reflects the
disease condition remains to be studied.

Much of the data in the present study highlight the ability of
the BNP/ANP ratio to distinguish hetween NYHA class 1] o IV
patients and class | patients. Unfortunately, we could only enrol
eight class I patients in the study. Although the NYHA func-
tional class was determined hased on-each patient’s subjective
symptoms, we could not obtain objective dara, such as exercise
oxygen uptake, to confirm patient functional status. Therefore,
to elucidate the significance of the BNP/ANP ratio, future clin-
ical studies that include more patients with mild MR and that
collect exercise uxygen uptake data are needed.
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CONCLUSION

-

The present study suggests that the BNP/ANP ratio is
increased in chronic MR as a result of decreased ANP and

BNP levels, which is due to atrial degencration, as well as an

increasc in BNP levels, which is due to ventricular overload.
In chronic MR, the levels of ANP and BNP, as well as the

BNP/ANP ratio, are potential indicators of discasc severiry.
A prospective study is needed to determine whether the

BNP/ANP ratio can be used to predict mortality and morbid-

ity in patients treated medically, and predict the postopera-

tive course in those treated surgically.
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