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Application of erythropoietin to cardiovascular diseases
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~downregu!ated in DCM mice ‘compared with that in healthy control suggesting that the environmental cue in heart failure
~ might suppress the Gr=1(+) cells function. Activin A was_ upregulated in.the serum of DCM models and mduced”-
downregulation of GH levels in Gr-1(+) cells and serum. F hermore, humoral factors upregulated in heart failure incluc o
anglotensm Il upregulated ctivin A'in penpheral blood ononuclear cells (PBMNC) via activation of NFkB: Slmllar|y, serum
activin A levels were also S|gmf"cant|y higher in DCM patlents with heart failure than in healthy subjects and the GH Ievels in
conditioned medlum from PBMNC of DCM patients were lower than that in- healthy sub;ects Inhibition of actlvm A
increased serum GH levels and improved cardiac function of DCM model mice. These results suggest. that activin A causes
heart failure by suppressmg GH actlwty and that mhlb[tlon of activin A mxght become a novel strategy for the treatment of
heart failure. . , T 8 D : Sheah ey G
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Introduction transplantation of various types of stem cells improves the cardiac

function of ischemic hearts, mainly by paracrine factors which

Heart failure is a major cause of mortality in many countries. induce angiogenesis and cardioprotection [9]-[11]. Since the effects

Infusion of bone marrow-derived mononuclear cells (BMMNCQ) is of BMMNC infusion for non-ischemic cardiomyopathy remain

expected as a novel treatment of heart failure. Animal experiments unknown, we examined whether BMMNC infusion also improves
and clinical trials have shown that BMMNC infusion ameliorates cardiac function of non-ischemic cardiomyopathy.

cardiac dysfunction after acute myocardial infarction and chronic

myocardial ischemia [1]-[4]. Although the outcomes vary among Results

trials, recent meta-analyses revealed that cardiac function slightly

improves following BMMNC infusion for ischemic heart diseases Preparation of non-ischemic dilated cardiomyopathy

[5], [6]. Bone marrow cells were reported to be incorporated into the (DCM) mice

damaged myocardium and to differentiate into various cell types Two kinds of non-ischemic DCM mice were used. The first
including cardiomyocytes [7]. However, whether bone marrow- model was generated by transgenic overexpression of a mutant
derived stem cells can differentiate into many cardiomyocytes is still epidermal growth factor receptor (EGFR) with C-terminal

an open question [8]. There are many reports indicating that truncation (EGFRdn). The expression of mutant EGFRdn is
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activated by the cardiomyocyte-specific o-myosin heavy chain
(oMHC) promoter (Figure 1A, Figure S1). EGFRdn mice
exhibited heart failure and died at 5-30 weeks of age (Figure 1B).
Gross inspection of the EGFRdn hearts showed global chamber
dilatation with marked wall thinning (Figure 1C). The heart/body
weight ratio was approximately 1.5-fold higher at 6 weeks of age in
EGFRdn mice than in wild-type mice (Figure 1D). Echocardiog-
raphy showed a significant decrease in the fractional shortening
(¥S) together with chamber dilatation (Figure 1E). In the second
model, cardiomyopathy was induced by intraperitoneal injection
of doxorubicin in wild-type mice. Doxorubicin-induced cardio-
myopathy (DOX) mice showed marked dilatations of the left
ventricular diastolic and systolic dimensions, and reduction of
cardiac function (Figure S2).

Intravenous infusion of BMMNC transiently improved the
cardiac function in DCM mice

BMMNC (2.0x107 cells) were isolated from wild-type healthy
mice and intravenously infused zia the tail veins to 8-week-old
EGFRdn mice and 11-week-old DOX mice. An equal volume of
PBS was infused into control mice. Three days after infusion,
echocardiography showed that the FS was significantly improved

Activin A/Growth Hormone Axis in Heart Failure

in BMMNC-treated EGFRdn (Figure 2A) and DOX (Figure 2A)
mice, compared with the respective controls. However, these
effects were lost by 14 d after infusion (Figure 2A). When the
infusion was repeated every 2 weeks, cardiac function showed
improvements for >50 d (Figure 2B).

Although infusion of BMMNC is not promising for the
treatment of heart failure, we may be able to apply alternative
treatment if we understand the underlying mechanisms of bene-
ficial effects of BMINNC infusion. To elucidate the mechanisms,
we infused BMMNC derived from GFP mice. Although many
GFP-positive cells were observed in the peripheral blood and the
spleen at 3 d after infusion (Figure 2C, D), none were found in the
heart, lung, liver, kidney or skeletal muscle (Figure 2E). At day 14,
few GFP-positive cells were observed even in the peripheral blood
(Figure 2C). This was consistent with the observation that
BMMNC infusion improved cardiac function at day 3, but not
at day 14. These results suggest that BMMNC infusion improves
the systolic function of DCM mice not by transdifferentiation of
BMMNC into cardiomyocytes but probably by humoral factors
secreted from BMMNC. Size of each cardiomyocyte was larger in
BMMNC-infused EGFRdn mice than in PBS-infused EGFRdn
mice when infusions were repeated every 2 weeks for 8 weeks (i.e.,

. EGFRdn
A B Cc wild (L9-12)
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< 80 — Wild
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Figure 1. Transgenic overexpression of EGFRdn in the heart causes progressive heart failure. (A) Schematic representation of the cDNA
construct used to generate EGFRdn mice. The construct contains an aMHC promoter, human EGFRdn ¢cDNA and a human growth hormone
polyadenylation signal (Hgh-pA). (B) Kaplan-Meier survival curves for wild-type (n=62) and EGFRdn (L2-5, n=19; L9-12, n=21) mice, showing a
significant reduction in the survival rates in EGFRdn mice (log rank test, P<<0.0001). (C) Gross morphology of whole hearts (upper panels) and
longitudinal sections (lower panels) of hearts from wild-type and EGFRdn mice (L9-12) at 6 weeks of age. Ao, aorta; LA, left atrium; LV, left ventricle;
RA, right atrium; RV, right ventricle. Scale bars: 2 mm. (D) Heart-to-body weight ratios (HW/BW) of wild-type (n=9) and EGFRdn (L9-12, n=7) mice at
6 weeks of age. *P<0.01. (E) Echocardiographic analysis. The upper photographs show representative M-mode images. The lower graphs show the
left ventricular diastolic and systolic dimensions and FS of 8 week-old EGFRdn mice (L9-12) (n=23) and age-matched wild-type mice (n=10). LVDd,
left ventricular diastolic dimension; LVDs, left ventricular systolic dimension. Data are means = s.em.

doi:10.1371/journal.pone.0027901.g001
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Figure 2. BMMNC infusion transiently improved the cardiac function of DCM mice. (A) Echocardiographic analysis. Transient
improvements of FS were observed at 3 d in the BMMNC-treated group, but not the control (PBS) group, in EGFRdn mice (left), and at 3 and 7 d in
DOX-treated mice (right). *p<<0.05 versus PBS (n=8 per group). (B) Repeated-infusion experiments. BMMNC were infused every 2 weeks. A similar
pattern of improvement in FS was observed after each infusion. *p<<0.05 versus PBS (n=8 per group). (C-E) Immunohistochemical analysis. (C) Left,
the number of GFP-positive BMMNC in peripheral blood (n=3). Right, photomicrographs of peripheral blood. Nuclei were stained with Hoechst
33258 (blue). Scale bars, 75 um. (D) Images of the spleen 3 d after infusion. Many GFP-positive cells were observed in the spleen (lower photographs).
Upper photographs, negative control. Nuclei were stained with Hoechst (blue color). Scale bars, 25 um. (E) No GFP-positive cells were observed in any
organs. Upper photographs, negative control. Middle and lower photographs, images taken at 3 and 14 d, respectively, after infusion. The vessels
were stained with smooth muscle cell actin (red). Nuclei were stained with Hoechst 33258 (blue). The photographs of muscle are merged fluorescent
and phase-contrast images. Scale bars, 75 um. Data are means = s.e.m.

doi:10.1371/journal.pone.0027901.g002

4 injections) (Figure S3). There were no changes in capillary enhanced cell shortening and increased the beating rate
density or the number of apoptotic cells in the heart between the (Figure 3B), suggesting that Gr-1(+) cells mainly contribute to
BMMNC-infused group and the control group (data not shown). BMMNC-mediated improvements in cardiomyocyte contractility.

CM from Gr-1(+) cells or BMMNC isolated from wild-type mice
BMMNC-derived conditioned medium (CM) improved also induced significant hypertrophy of cardiomyocytes (Figure

S5). We next examined the effects of CM from Gr-1(+) cells on
DOX mice. At 1 and 3 d after the infusion of CM from Gr-1(+)
cells, FS was significantly improved, as with infusion of BMMNC
(Figure 3C). Furthermore, +dp/dt, as determined by catheteriza-
tion of the left ventricle, was also improved at 1 d after the
infusion, as compared with the control group (Figure 3D).
Collectively, these results indicate that factors secreted from Gr-
1(+) cells are responsible for BMMNC-induced improvements in
cardiac function in DCM mice.

cardiomyocyte contractility

To elucidate whether factors secreted from BMMNC were
involved in their beneficial effects on cardiac function, we first
examined the effects of CM from BMMNC on the contractility of
cultured cardiomyocytes of neonatal rats. After serum starvation
for 12 h, cardiomyocytes were challenged with culture medium
conditioned by BMMNC. Cell shortening was significantly
enhanced and beating rate was markedly increased at 30 min
and at 12 h after starting culture with the CM, compared with
those in untreated cells (Figure 3A), suggesting that BMMNC
secrete factors that positively affect cardiomyocyte contractility. Analysis of factors secreted from Gr-1(+) cells

Flow cytometric analysis revealed that BMMNC consisted of The CM from wild-type Gr-1(+) cells significantly enhanced cell
several cell populations including myeloid (Gr-1(+) cells, ~40%), shortening and increased the beating rate, while CM from
erythroid (TER119(#) cells, ~20%), and lymphoid cells (B220(+) EGFRdn Gr-1(+) cells had marginal effects (Figure 4A). This
cells, ~20%) (Figure S4). The individual cell populations, suggests that the factors that improve cardiomyocyte contractility
mcluding the lineage-negative population of cells, were sorted by are more abundant in cells of wild-type mice than cells of EGFRdn
magnetic beads. The isolated cells were 0.8x107 Gr-1(+) cells, mice. We next performed DNA microarray analysis to identify the

0.4x107 B220(+) cells, 0.2x10" TER@®) cells, and 0.1x10"  factors involved in these effects. Twenty three genes showed
lineage-negative cells from 2.0x10” BMMNC. When CM was enhanced expression in Gr-1#) cells from wild-type mice
collected from each population and added to cardiomyocytes compared with EGFRdn mice (Table 1). The gene which showed
starved for 12 h, only the CM from Gr-1(+) cells significantly the largest difference between two types of mice was growth
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Figure 3. BMMNC-derived CM directly affects cardiomyocyte contractility. (A) Cell shortening and the beating rate of neonatal rat
cardiomyocytes were significantly increased after exposure to CM from BMMNC compared with the control (n= 26 cells per group). The left and right
graphs show the results at 30 min and at 12 h after treatment, respectively. Upper graph, cell shortening. Lower graph, beating rate. (B) CM from Gr-
1(+) cells improved the cell shortening and increased the beating rate similar to that achieved by CM from BMMNC (n =27 per group). (C, D) Effects of
CM from Gr-1 cells on cardiac function in vivo. (C) Echocardiographic analysis (n=7). The infusion of CM from Gr-1(+) cells significantly improved the
FS of DOX mice at 1 and 3 d. (D) Infusion of CM from Gr-1(+) cells significantly improved the +dp/dt of DOX mice at 1 d, in vivo (n=7). n.s., not
significant. Data are means * s.e.m.

doi:10.1371/journal.pone.0027901.g003

hormone (GH). The reduced expression of GH in Gr-1(+) cells transcription (Stat) 3/5 and protein kinase A (PKA) in cardiomy-
from EGFRdn mice was confirmed by quantitative RT-PCR and ocytes (Figure 5C), and these effects were completely abolished by
ELISA (Figure 4B, C). GH levels were also lower in CM from Gr- pegvisomant (Figure 5C). The addition of GH (500 pg/ml), a
1(+) cells isolated from old myocardial infarction (OMI) mice and concentration equivalent to that in the CM from wild-type Gr-1(+)
DOX mice (Figure S6) than in CM from wild-type mice. cells, activated the same signaling molecules (Figure 5C), suggest-
Consistent with the downregulation of GH secretion from Gr- ing that CM from Gr-1(+) cells activates Akt, Erkl/2, Jak2, Stat3/
1(+) cells of heart failure mice, the serum GH levels were also 5 and PKA through the GH receptor signaling. Furthermore, the
lower in models of heart failure such as DOX, EGFRdn and OMI  CM from Gr-1{+) cells, as well as GH, increased the amount of

mice than in wild-type mice (Figure 4E). cyclic AMP (cAMP) in cardiomyocytes, which was also inhibited

by pegvisomant (Figure 5D). The improvements in cardiac
Critical role of GH in Gr-1(+) cell-mediated function induced by CM from Gr-1(+) cells were also abolished
cardioprotection by treatment with the GH inhibitor (Figure 5E), whereas the anti-

We examined the role of GH in the effects of Gr-1{#) cell- ~ IGF-1 antibody had no effects (Figure 5F). Furthermore, the
derived CM using pegvisomant, a specific inhibitor of the GH infusion of CM from Gr-1(+) cells increased the GH levels in
receptor [12]. Treatment with pegvisomant abolished the serum of DCM mice (Figure 5G). These results suggest that Gr-

enhanced cell shortening and the increased beating rate induced 1(+) cells improve the cardiac contractility in vivo also through GH.
by CM from Gr-1(+) cells (Figure 5A), while the anti-IGF-1 The BMMNC-mediated improvement in cardiac function of OMI
antibody had no effects (Figure 5B). These results suggest that Gr- ~ mice was also affected by treatment with pegvisomant (Figure S7),
1(+) cells improved the cardiomyocyte contractility zia GH, but not suggesting that GH in BMMNC might have the therapeutic effects
via IGF-1 in vitro. CM from Gr-1(+) cells activated various signaling on heart failure caused by various etiologies.

molecules, including Akt, extracellular signal-regulated kinase Since Stat 3 is one of the important downstream targets of the

(Erk) 1/2, Janus kinase (Jak) 2, signal transducers and activators of GH receptor in cardiomyocytes (Figure 5C), we examined the
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Data are means * s.e.m.
doi:10.1371/journal.pone.0027901.g004

direct effects of GH in CM from Gr-1(+) cells on cardiomyocytes in
vwo in transgenic mice overexpressing a dominant-negative mutant
of STAT3 (STAT3dn) under the control of an «MHGC promoter
[13]. The Gr-1(+) cell CM-mediated improvements in cardiac
function were not observed in DOX-treated STAT3dn mice
(Figure S8), indicating that the CM improves cardiac function
through activation of STAT3 in cardiomyocytes.

Upregulation of activin A in heart failure inhibits GH
expression in Gr-1(+) cells

The expression of the GH gene has been reported to be
regulated by transcription factors including pituitary transcription
activator-1 (pit-1) [14], [15], and activin A has been reported to
downregulate GH expression by reducing the stability of pit-1
[16]. Since activin A in the peripheral blood of heart failure

@ PLoS ONE | www.plosone.org

patients has been reported to be upregulated compared with that
in healthy controls [17], we investigated the role of activin A in the
downregulation of GH in Gr-1(+) cells. Serum activin A levels
were significantly higher in EGFRdn mice than in wild-type mice
(Figure 6A), and were also elevated in other murine models of
heart failure, including the OMI and DOX models (Figure S9).
When Gr-1(+) cells were cultured with 400 pg/ml of activin A, a
concentration equivalent to that in the peripheral blood of DCM
mice, mRNA and protein levels of GH were significantly
downregulated (Figure 6B), suggesting that activin A might be a
key mediator of the reduced expression of GH in the Gr-1(+) cells
of DCM mice. Furthermore, the serum activin A levels were
remarkably higher in DCM patients (Table S1) than in healthy
subjects (Figure 6A), while the GH levels in CM from peripheral
blood mononuclear cells (PBMNC) of DCM patients was lower
than that in healthy subjects (Figure 4D), suggesting that the
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Table 1. DNA microarray analysis.
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Each number indicates the fold-increase of gene expression in Gr-1(+) cells
isolated from wild-type mice compared with those from EGFRdn mice.
doi:10.1371/journal.pone.0027901.t001

higher activin A levels might also inhibit GH expression in heart
failure patients. A recent study showed that PBMINC are a major
source of activin A in heart failure [17]. Since many humoral
factors are known to contribute to the pathophysiology of heart
failure [18], we examined whether humoral factors upregulated in
heart failure might regulate activin A expression. Angiotensin II
(AnglI) (Figure 6C) and tissue necrosis factor-alpha (TNFa) (Figure
S10A) increased the activin A levels in CM of PBMNC in a dose-
dependent manner. Consistent with the previous reports [19],
AnglI and TNFo activated NFxB in the PBMNC (Figure 6D and
Figure S10B) and Angll- and TNFo-induced upregulation of
activin A in PBMNC were inhibited with a NFxB inhibitory
peptide (Figure 6E and Figure S10C).

Inhibition of activin A in heart failure increases GH levels
and improves cardiac function

To elucidate the role of activin A in EGFRdn mice, anti-activin
A antibody was injected intraperitoneally for 2 weeks, with an
alternate-day treatment regimen. Inhibition of activin A signifi-
cantly increased GH protein levels in the CM from Gr-1(+) cells
(Figure 6F). Furthermore, when neonatal rat cardiomyocytes were
cultured with CM from Gr-1(+) cells isolated from anti-activin A
antibody-treated EGFRdn mice, cell shortening was enhanced and
the beating rate was increased significantly, as compared with CM
from Gr-1(+) cells without antibody treatment (Figure 6G).
Consistent with the upregulation of GH levels in Gr-1(+) cells by
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anti-activin A antibody treatment, the serum GH levels in
EGFRdn mice were also increased (Figure 6H). Furthermore,
FS and +dp/dt in EGFRdn mice treated with anti-activin A
antibody were markedly improved compared with EGFRdn mice
treated with isotype control (Figure 6H). Collectively, these results
strongly suggest that inhibition of activin A improves cardiac
function in non-ischemic DCM mice by restoring GH levels.

Discussion

Functional benefits of BMMNC infusion have been reported in
human with ischemic heart diseases [2],[20]. Although we also
observed the improvement of cardiac function of DCM model
mice by BMMNC infusion, no engraftment of infused BMMNC
was observed in the heart. At 3 d after infusion, BMMNC were
only observed in the peripheral blood and spleen, but not in the
heart, and very few GFP-positive cells were observed at 14 d even
in the peripheral blood. This is consistent with the observations
that BMMNC infusion only transiently improved cardiac function
after infusion. These findings suggest that BMMNC improve
cardiac function via humoral factors rather than wa transdiffer-
entiation into cardiomyocytes.

GH plays important roles in the protection of various tissues as
well as the growth and development of many organs and whole
body [21]. Serum GH levels have been reported to be low in
patients with congestive heart failure [22]. Recent animal studies
have demonstrated that GH treatment improves cardiac functions
[23], [24]. The growth and protection of cardiomyocytes are
regulated by various kinases such as Akt, Erk and Jak/Stat, and
many studies have demonstrated that activation of Akt and Erk
induces cardiac hypertrophy {25], [26] and prevents cardiomyo-
cytes from stress-induced apoptosis [27]. Transgenic mice with
cardiac-specific overexpression of the stat5 gene were reported to
show marked ventricular hypertrophy [28], while the cardiopro-
tective effects of several cytokines including granulocyte colony-
stimulating factor were reduced in mice with cardiac-specific
expression of dominant-negative stat3 [29]. In this study, we
showed that GH produced by Gr-1(+) cells activated Akt, Erk,
Jak2, Stat3/5 and PKA, and increased the levels of cAMP in
neonatal rat cardiomyocytes (Figure 5C, D). GH has been
reported to increase cAMP and activate PKA in reproductive
organs by still-unknown mechanisms [30]. Here, we found that the
beneficial effects of CM from Gr-1(+) cells on cardiac function
were inhibited in cardiac-specific STAT3dn mice, suggesting that
GH secreted by Gr-1(+) cells directly affects cardiomyocyte
contractility. It has been reported that GH exerts some functions
through the induction of IGF-1 expression [31], [32], and IGF-1
also promotes several cardioprotective effects in part by activating
the Akt/phosphatidylinositol 3-kinase pathway [33], [34]. In the
present study, the specific GH receptor inhibitor, but not anti-
IGF-1 antibody, attenuated the improvements of cardiac contrac-
tility by the treatment of CM from Gr-1(+) cells in vitro (Figure 5A,
B) and in vivo (Figure 5E, F). These findings suggest the effects of
Gr-1(#) cells-derived CM on cardiac function of DCM mice
mainly depend on GH rather than IGF-1.

It has been reported that the expression of GH gene is regulated
by pit-1 at the transcriptional level [14], [15] and that activin A
destabilizes pit-1 by phosphorylation [16]. Consistent with a
previous report showing higher serum activin A levels in heart
failure patients than in healthy controls [17], we found that serum
levels of activin A were increased while GH levels in PBMNC CM
were decreased in DCM patients. Similarly, the activin A levels
were higher in the peripheral blood of DCM mice than in wild-
type mice and activin A inhibited the production of GH in Gr-1(+)
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CM-mediated improvements cardiomyocyte cell shortening and beating rate at 30 min and at 12 h after treatment (n=27 cells per group). Left
graphs, cell shortening; right graphs, beating rate. (B) Anti-IGF-1 antibody failed to affect the Gr-1(+) cell CM-mediated improvements in cell
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(E, F) Cardiac function analysis by echocardiography (upper graphs, n=28) and catheterization (lower graphs, n=8). Pegvisomant (E), but not anti-IGF-
1 antibody (F), inhibited the improvements in FS and +dp/dt elicited by the infusion of CM from Gr-1(+) cells. *p<0.05 (n=8). (G) Serum GH
concentrations in DOX mice treated with CM from Gr-1(+) cells (n =4 per group). The infusion of CM from Gr-1(+) cells from wild-type mice increased
the serum GH concentration at 1 d, but not at 5 d. Data are means * s.e.m.

doi:10.1371/journal.pone.0027901.g005

cells @ wvitro. These findings suggest that activin A, which is The effects of GH on heart failure have been examined in many
upregulated in heart failure, inhibits GH expression in various animal experiments and clinical trials [35]. A recent meta-analysis
tissues/cells, including BMMNC. Treatment with anti-activin A revealed that GH treatment improved several clinical parameters
antibody restored GH levels in Gr-1(+) cells and serum of  including left ventricular end-diastolic dimension, ejection fraction
EGFRdn mice and improved cardiac function, suggesting that and New York Heart Association functional class [36]. Converse-
normalizing the GH levels by inhibiting activin A is a novel ly, non-response to GH treatment for heart failure has been
therapeutic strategy for heart failure. Since many humoral factors ascribed to GH resistance [37]. In patients with cardiac cachexia,
such as Angll and TNFa are upregulated in heart failure and GH levels were reported to be enhanced when compared with
increased activin A expression by activating NFxB, the molecules non-cachectic patients and normal subjects [38]. In this study, GH
that modulate NFkB activation might be also therapeutic targets levels in heart failure mice and patients were significantly lower
to restore GH levels. On the other hand, anti-activin A treatment than those in healthy control subjects. Moreover, GH derived
also increased expression levels of GH mRNA in the pituitary from Gr-1(+) cells improved cardiac function of heart failure
(N.F. K.M.,, unpublished data), suggesting that upregulation of animals, suggesting that our models were in a non-cachectic state
activin A in heart failure might inhibit the expression of GH not and non-cachectic patients of heart failure might be suitable for
only in Gr-1(+) cells but also in the pituitary, and that anti-activin GH treatment. Because of only temporary improvements in
A treatment might improve cardiac function of DCM mice in part cardiac function (Figure 2A), bone marrow cell infusion might not
by restoring GH expression in the pituitary. be an appropriate treatment for heart failure, however inhibition
@ PLoS ONE | www.plosone.org 7 December 2011 | Volume 6 | Issue 12 | e27901
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Figure 6. Regulatory mechanisms of GH in heart failure. (A) The serum activin A concentration was higher in EGFRdn mice (left, n=5) and in
DCM patients (right, n=10) than in wild-type mice (n=5) and healthy subjects (n=11). (B) Activin A downregulated GH mRNA expression in Gr-1(+)
cells and GH protein levels in Gr-1(+) cell CM. Left graph, GH protein concentration; middle photographs, representative semi-quantitative RT-PCR
images; right graph, GH mRNA expression (n=3). (C, D) Angll upregulated activin A secretion (C, n=4) and phosphorylated NFxB expression (D, n=5)
in wild-type PBMNC. (D) Left graph, total NF«B; right graph, phosphorylated NFxB. (E) Inhibition of NF«kB [50 uM; NFkB p65 (Ser276) inhibitory
peptide] suppressed Angll (10 uM)-mediated upregulation of activin A in CM derived from wild-type PBMNC (n=5). Isotype peptide was used as
control. (F) The GH concentration in CM from EGFRdn Gr-1(+) cells (n=5) was significantly increased by treatment with an anti-activin A antibody
(n=5). (G) Effects of anti-activin A antibody treatment on cell shortening and the beating rate of cardiomyocytes induced by CM from Gr-1(+) cells
isolated from EGFRdn mice (n =18 cells per group). (H) Treatment with the anti-activin A antibody improved the cardiac function of EGFRdn mice. Left
graph, echocardiography (n=7). Middle graph, miller catheter resuits (n=7). Right graph, serum GH concentration in EGFRdn mice after antibody
treatment (n=7). Data are means = s.e.m. (l) Proposed mechanism underlying impaired GH expression by activin A in heart failure.
doi:10.1371/journal.pone.0027901.g006

of activin A and enhancement of GH levels might offer novel Materials and Methods
therapeutic strategies for heart failure.

We used EGFRdn for DCM model mice in this study. It has Ethics Statement. The ethical committee of Tokyo Women’s
been reported that cardiac-specific mutant of ErbB2, a member of ~ Medical University reviewed and approved the study protocol
the EGFR/erbB family, shows a severe dilated cardiomyopathy in (approval ID: 1795). The study was conducted in accordance with

mice [39]. In the clinical setting, trastuzumab, an anti-cancer the Declaration of Helsinki. We obtained informed consent from
agent, is humanized monoclonal antibody that targets the the all patients and the all healthy subjects by written before
extracellular domain of the human epidermal growth factor re- inclusion in this study.

ceptor 2 and the use of trastuzumab demonstrated an unexpect- Animals. Wild-type mice (C57BL/6) were purchased from

edly high incidence of both asymptomatic and symptomatic ~ Japan SLC. Adult GFP transgenic mice (C57BL/6) were a kind
cardiomyopathy. EGFRdn is a compatible DCM model mouse, gift from Dr. M. Okabe (Osaka University). Cardiac-specific

resembling the cardiotoxic effects observed in patients treated with dominant-negative STAT3 mice were a kind gift from Dr. K.
trastuzumab [40], [41]. Yamauchi-Takihara (Osaka University). Neonatal Wistar rats (0—
There is a limitation in this study. We examined the surface area 1 d old) were purchased from Saitama Experimental Animals

of neonatal rat cardiomyocytes after the treatment with CM from Supply. All protocols were approved by the Institutional Animal
Gr-1(+) cells or BMMNC as an index for cardiac hypertrophy. Care and Use Committee of Tokyo Women’s Medical University

However, the surface area not only depends on cell volume, but and Chiba University. The approval IDs for the animal
also on the degree of adhesion and spreading on the culture dishes. experiments were 11-34 in Tokyo Women’s Medical University
“B). PLos ONE | www.plosone.org 8 December 2011 | Volume 6 | Issue 12 | 27901
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