RESEARCH ARTICLE

Myocardial cardiotrophin-1 is
differentially induced in congenital
cardiac defects depending on hypoxemia

Ruth Heying*'?, Ma Qing', Katharina Schumacher'3, Magdalena Sokalska-Duhme',
Jaime F Vazquez-Jimenez* & Marie-Christine Seghaye'?

ABSTRACT: Aim: Cardiotrophin-1 (CT-1) is upregulated by hypoxemia and hemodynamic
overload and is characterized by potent hypertrophic and protective properties on
cardiac cells. This study aimed to investigate whether CT-1 is differentially induced in the
myocardium of infants with congenital cardiac defects depending on hypoxemia. Methods
& results: Infants with Tetralogy of Fallot (n = 8) or with large nonrestrictive ventricular
septal defect (n = 8) undergoing corrective surgery were investigated. Expression of CT-1
was assessed at mRNA and protein levels in the right atrial and ventricular myocardium.
The activation of the STAT-3 and VEGF were measured. Degradation of cardiac troponin-I
served as a marker of myocardial damage. CT-1 was detected in all patients with levels
negatively correlating to the arterial oxygen saturation. Higher CT-1 expression in Tetralogy
of Fallot patients was associated with activation of the JAK/STAT pathway and higher cardiac
troponin-l degradation. Conclusion: CT-1 may mediate myocardial hypertrophy and
dysfunction in infants with congenital cardiac defects, particularly in those with hypoxemia.

Cardiotrophin-1 (CT-1), a member of the IL-6 family, was originally discovered as a factor that
can induce hypertrophy of cardiomyocytes, both in vitro and in vivo 1-3).

CT-1 has been shown to have a wide variety of growth and differentiation effects on different
cell types, predominantly on the heart where it is synthesized 3-6]. CT-1 binds to a receptor system
that consists of the IL-6 receptor and a common signal transducer, the glycoprotein 130/leukemia
inhibitory factor complex. The signaling activity is characterized by activation of all three following
distinct pathways: first, the JAK/STAT pathway; second, the MAPK, including extracellular SRK 1
and 2 signaling pathway; and third, the phosphatidylinositol 3-OH kinase pathway [1,3.7]. CT-1 most
likely achieves its effects by a combination of these three pathways (Figure 1). Indeed, CT-1 induces
myocyte hypertrophy and collagen synthesis, as well as prolonged survival of cardiomyocytes that
are involved in ventricular remodeling [1.8]. CT-1 is also elevated in the serum of adult patients with
hypertension and coronary artery disease. These levels correlate with disease severity in valve disease
and heart failure [9-11]. Increased CT-1 secretion seems to be an early factor that occurs before the
onset of left ventricular systolic dysfunction [12], and chronic CT-1 secretion impairs contractile
function in reconstituted heart tissue [13]. The heart is a main source of circulating CT-1 in humans
since CT-1 concentrations are significantly higher in the coronary sinus than in the aorta [14]. CT-1
synthesis is increased by hypoxia [15], mechanical stress [16] and proinflammatory cytokines such
as IL-1B 15]. CT-1 may therefore take part in myocardial remodeling and failure in children with
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Figure 1. Cardiotrophin-1 and its interacting pathways. CT-1 binds to a receptor
system that consists of the IL-6 receptor and a common signal transducer, the

gp 130/LIFR complex. The JAK/STAT pathway is activated.

+P: Phosphorylation; CT-1: Cardiotrophin-1; cTnl: Cardiac troponin-I;

gp 130: Glycoprotein 130; LIFR: Leukemia inhibitory factor receptor.

54

congenital cardiac defects, but this has not been
investigated thus far.

The aim of this study was, therefore, to test the
hypothesis that CT-1 is differentially expressed
in the myocardium of infants with congenital
cardiac defects, depending on hypoxemia, and
to investigate the signaling pathway related to its
expression in this particular patient population.

Patients & methods

e Patients

After approval by the Human Ethical Commit-
tee of the Aachen University Hospital (Aachen,
Germany) and informed consent of their par-
ents, we prospectively investigated 16 infants
aged 0.4-13.1 months undergoing primary
corrective cardiac surgery. Eight patients had
Tetralogy of Fallot and eight had a large non-
restrictive ventricular septal defect with pulmo-
nary hypertension. All patients with Tetralogy
of Fallot had a mild degree of hypoxemia (arte-
rial oxygen saturation <90%). All patients had
systemic levels of right ventricular pressure and
right ventricular hypertrophy as shown by ECG
and echocardiography, without clinical signs of
right ventricular failure.

¢ Cardiac operation & sampling of
myocardial biopsies

In all cases, drugs given for premedication and
conventional general anesthesia consisted of
midazolam, fentanyl sulfate and pancuronium
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bromide. Cefotiam hydrochloride was given
for perioperative antibiotic prophylaxis. Dexa-
methasone (3 mg/m? body surface area) was
given immediately prior to sternotomy. After
institution of hypothermic cardiopulmonary
bypass with a flow index of 2.7 I/min x m?
body surface area for 15-20 min, the aorta was
cross-clamped and cardiac arrest instituted by
intra-aortal injection of a 4°C cold cardioplegic
solution (30 ml/kg body weight), which was
reaspirated in the right atrium. A biopsy was
taken from the right atrial appendage before
institution of cardiopulmonary bypass and from
the right ventricular outflow tract immediately
after aortic clamping, under the condition of
deep hypothermia (22°C) and low flow bypass
(0.65 I/min x m?body surface area), approxi-
mately 20 min after the start of cardiopulmo-
nary bypass. Myocardial samples were taken
from the infundibular portion of the right
ventricular outflow tract. Samples obtained for
reverse transcriptase PCR and western blotting
were immediately snap-frozen in liquid nitro-
gen and stored at -80°C until analysis. Samples
taken for immunocytochemistry were fixed in
B*5 buffered solution (0.6% ZnCl, and 0.1%
acid acetate), embedded in paraffin and cut into
3-pm thick sections.

¢ Reverse transcriptase PCR

Total RNA was extracted from the atrial and
ventricular myocardium in all patients by using
the RNeasy® kit (Qiagen Inc., Hilden, Ger-
many). Total RNA (2 pg) was reverse tran-
scribed to complementary DNA with random
hexamers. Primers for human CT-1 (sense:
5-AACTCTTGGACCCTCCTCGT-3’
and antisense: 5-AGGAGGTGGGGATG-
GAAAAA-3") and human 18S rRNA (sense:
5-GTTGGTTTTCGCAACTGAGG-3" and
5-GGCCTCACTAAACCATC-
CAA-3") were used to amplify complementary
DNA products by PCR (35 cycles; 94°C for
30 s, 55°C for 30 s and 72°C for 2 min). PCR

products were subjected to electrophoresis in a

antisense:

1.8% agarose gel, stained with ethidium bro-
mide and photographed. The predicted lengths
of the amplification products for CT-1 and 18S
rRNA were 152 and 834 base pairs, respectively.

e Western blotting

Total protein homogenates (100 pg) from atrial
and ventricular myocardium were denatured and
separated on 12 and 8% polyacrylamide gels by
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SDS-PAGE. Primary antibodies in immuno-
blotting were monoclonal mouse antihuman
CT-1 (Santa Cruz Biotechnology, Hamburg,
Germany); polyclonal rabbit antihuman phos-
pho-STAT-3 and STAT-3 (all from Cell Signal-
ing Technology, Inc., Frankfurt am Main, Ger-
many); polyclonal rabbit antihuman VEGF, |
(Santa Cruz Biotechnology); polyclonal goat
antihuman troponin-I (Santa Cruz Biotechnol-
ogy); and monoclonal mouse antihuman f-actin
(Sigma, MO, USA). The bands were detected
by a chemiluminescent system. Restaining with
actin antibody ensured equal loading. Band
intensities for CT-1, VEGF and cardiac tropo-
nin-I (intact: 32 kDa and degradation product:
26 kDa) were normalized for that of B-actin,
and the band intensities of phospho-STAT-3
were normalized for that of STAT-3, respec-
tively (Quantity One® Quantification software
4.1, Bio-Rad Laboratories BV, Veenendaal, The
Netherlands). The density of the degradation
products of cardiac troponin-I was expressed as a
percentage of the total immunoreactivity (Box 1).

¢ Electrophoretic mobility-shift assay
Nuclear extracts were prepared as previously
described [17]. Protein concentrations were
determined with a Bio-Rad protein assay (Bio-
Rad Laboratories BV). The electrophoretic
mobility-shift assay was performed by using
a double-stranded *?P-labeled mutated sis-
inducible element oligonucleotide from the c-fos
promoter (m67 sis-inducible element: 5-GAT
CCGGGAGGGATTTACGGGGAAAT-
GCTG-3"; MWG-Biotech AG, Ebersberg, Ger-
many) [17]. For supershift assays, nuclear extracts
were incubated with an antibody against STAT-3
(polyoclonal rabbit antihuman, Santa Cruz Bio-
technology) overnight at 4°C before addition of
the radiolabeled probe. The protein—-DNA com-
plexes were separated on a 6% polyacrylamide
gel containing 7.5% glycerol in buffer (20 mM
Tris, 20 mM boric acid and 0.5 mM EDTA) at
210 V. Gels were dried and autoradiographed.

¢ Immunocytochemistry

Immunostaining was performed using the
immunohistochemistry mouse or rabbit kit
(InnoGenex, Inc., CA, USA) to identify the cells
producing CT-1 and STAT-3 in the ventricular
myocardium. Briefly, sections were pretreated
with a solution of peroxide block for 20 min
to inhibit endogenous peroxidase activity and
incubated with the power block reagent to block
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nonspecific protein binding. Subsequently, sec-
tions were incubated with the primary mouse
antihuman CT-1 (1:100; Santa Cruz Biotechnol-
ogy) or rabbit antthuman STAT-3 (1:100, Cell
Signaling Technology, Inc.) for 4 h. After rins-
ing with phosphate-buffered saline solution plus
0.1% polysorbate, the slides were incubated for
30 min with the secondary antibodies. The slides
were rinsed with phosphate-buffered saline and
incubated for 20 min in a streptavidin—peroxi-
dase conjugate. The color reaction was developed
in aminoethyl carbazole substrate. Specimens
were counterstained with hematoxylin. Negative
controls were obtained by omitting the primary
antibodies in the myocardial probes. Typical
morphologic characteristics for cardiomyocytes,
macrophages and endothelial cells were assessed
by oil microscopy at 1000-fold magnification.

e Statistical analysis

Results are expressed by the mean value + stan-
dard deviation. The Mann—Whitney U test was
used to analyze differences between patients
with cyanotic or acyanotic cardiac defects. Cor-
relation of independent parameters was assessed
by the Spearman rank correlation test. p-values
<0.05 were considered significant and p-values
<0.1 were considered to indicate a tendency
towards significance. Data were analyzed with
the Statistical Package for Social Sciences®
(SPSS Software; IBM, Ehningen, Germany).

Results

e Clinical results

Patients with Tetralogy of Fallot and patients
with ventricular septal defect showed similar
parameters concerning age and weight. Table 1
summarizes patient epidemiological data.

e Intramyocardial CT-1 synthesis
CT-1 was detected at mRNA and protein levels
in the right atrial and ventricular myocardium of
all patients. Concentrations of CT-1 were signifi-
cantly higher in the right atrial and ventricular
myocardium of patients with Tetralogy of Fal-
lot compared with those with ventricular septal
defect (p <0.05, respectively; Figure 2).
Immunocytochemistry showed the presence
of CT-1 in the cytoplasm of cardiomyocytes and
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Box 1. Expression modus of degradation of cardiac troponin-I.

Density of the degradation products

Total immunoreactivity =

Density of intact band + intensity of degradation products

)X 100%
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Table 1. Patient data.

Parameter TOF group (n =8) VSD group (n = 8) p-value
Gender (female/male) 2/6 5/3 NS

Age at operation (months)f 3.8 +3.0 58+4.3 NS
Weight (kg)* 75+3.4 6.1+£27 NS
Preoperative Sa0, (%)" 874+3.6 977 £1.0 0.001
"Data are presented as the mean value + standard deviation.

NS: Not significant; SaO.: Transcutaneous arterial oxygen saturation; TOF: Tetralogy of Fallot; VSD: Ventricular septal defect.

of noncardiomyocytes, such as endothelial cells
and fibroblasts (Figure 3).

Considering each of both patient groups, syn-
thesis of CT-1 in the right atrium and ventricle
negatively correlated with preoperative oxygen
saturations (Spearman correlation coefficient:

-0.48 [p < 0.07]; -0.60 [p < 0.05], respectively).

e Activation of STAT-3 in the myocardium
DNA-binding activity of STAT-3 was detected
by performing an electrophoretic mobility-shift
assay in the right ventricular myocardium of
infants with Tetralogy of Fallot (n = 6) or with
ventricular septal defect (n = 5), and was not
different between both groups (Figure 4). Unla-
beled oligonucleotide competition at a 100-fold
concentration and supershift analysis confirmed
the specificity of DNA-binding complexes.
Levels of phosphorylated STAT-3 measured

by western blotting were not different between
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both groups in the atrium, but tended to be
higher in the right ventricular myocardium of
infants with Tetralogy of Fallot than in those
with ventricular septal defect (p < 0.1; Figure 5).
Immunocytochemistry showed the presence
of STAT-3 in the nucleus of cardiomyocytes
(Figure 3).

Intramyocardial synthesis of VEGF .

VEGF,  protein was detected in the right atrium
and ventricle of all infants. Infants with Tetra-
logy of Fallot showed significantly higher lev-
els of VEGF  in the right ventricle, but not
in the right atrium compared with those with

ventricular septal defect (p < 0.05; Figure 6).

¢ Degradation of cardiac troponin-lin the
myocardium

Western blotting identified both intact cardiac
troponin-I (32 kDa) and an additional, less
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Figure 2. Myocardial expression of cardiotrophin-1. (i) Levels of CT-1 measured by western
blotting in the (A) right atrium and (B) right ventricle of infants with TOF (n = 7) or with VSD (n = 8).
Results are expressed as the mean value + standard deviation. (ii) Exemplary gels obtained after
western blotting of one representative experiment showing a higher synthesis of CT-1 in children

with TOF.
*p < 0.05 between groups.

CT-1: Cardiotrophin-1; M: Marker; TOF: Tetralogy of Fallot; VSD: Ventricular septal defect.
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Figure 3. Presence of cardiotrophin-1 and STAT-3 shown by immunocytochemistry. (A) Control: negative control (no primary
antibody). Immunocytochemistry of the right ventricular myocardium in one infant with Tetralogy of Fallot, showing (B) the presence of
CT-1in the CMs and (C) of STAT-3 in the nuclei of CMs. Original magnification x400 (CT-1) and x1000 (control and STAT-3).

CM: Cardiomyocyte; CT-1: Cardiotrophin-1.

intense band of 26 kDa in the right atrial and
ventricular myocardium of all patients. The levels
of intact (32 kDa) and total cardiac troponin-I
(32 + 26 kDa) were significantly higher in the
right ventricle, but not in the right atrial myo-
cardium of infants with Tetralogy of Fallot com-
pared with others (quotient of intact cardiac tro-
ponin-I: 1.09 + 0.08 vs 0.87 + 0.14; p < 0.05; total
cardiac troponin-I: 1.62 + 0.28 vs 1.09 + 0.27;
p < 0.01). Moreover, infants with Tetralogy of
Fallot showed higher levels of 26-kDa cardiac
troponin-I in the right atrium and ventricle than
those with ventricular septal defect (p = 0.1 and
p < 0.05, respectively; Figure 7).

Discussion

Our study demonstrates, for the first time, that
CT-1 is expressed in the right atrial and ventricu-
lar myocardium of infants with congenital car-
diac defects and that this is associated with the
activation of the JAK/STAT-3 pathway and the

degradation of cardiac troponin-I.

¢ Expression of CT-1 in the myocardium of
infants with congenital cardiac defects
Although CT-1 is present in various organ tis-
sues, including the developing and the adult heart
4], the expression of C7-/ mRNA is markedly
stimulated by hypoxia 77 vitro [15]. Furthermore,
in an animal model of myocardial infarction,
elevated CT-1 expression was observed in the
infarcted zone at 24 h and persisted up to 8 weeks
postinfarction [18]. Our results, which show a
relationship between the degree of preoperative
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hypoxemia and CT-1 expression, suggest that
hypoxemia stimulates CT-1 expression in infants.
Besides hypoxemia, other stimuli are known to
induce CT-1 expression. Hemodynamic over-
load [19], as well as proinflammatory cytokines
(15], might have contributed to increased CT-1
expression in our patients [20].
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Figure 4. STAT-3 DNA-binding activity. (A) DNA-binding activity of STAT-3
measured by electrophoretic mobility shift assay and confirmed by supershift and
unlabeled oligonucleotide competitors in the right ventricular myocardium of
infants with TOF (n = 6) or with VSD (n = 5). Results are represented by counts/mm?
and expressed as the mean value + standard deviation. (B) Exemplary gel showing
the effect of chronic hypoxemia on myocardial activation of STAT-3 as detected by
electrophoretic mobility-shift assay and confirmed by supershift with anti-STAT-3
antibody (+) and competitors with tenfold (x10) and 100-fold (x100) unlabeled
oligonucleotide in the right ventricular myocardium of infants with TOF or VSD.
Results are shown as one representative experiment.

-: Nuclear extract without antibody and unlabeled oligonucleotide; NS: Nonspecific;
TOF: Tetralogy of Fallot; VSD: Ventricular septal defect.
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Figure 5. Expression of STAT-3. (i) Levels of p-STAT-3 measured by western blotting in the (A) right
atrium and (B) right ventricle of infants with TOF (n = 7) or with VSD (n = 8). Results of p-STAT-3 are
normalized for the bands of t-STAT-3 and are expressed as the mean value + standard deviation.

(ii) Exemplary gels obtained after western blotting of one representative experiment showing a

higher activation of STAT-3 in children with TOF.
*p < 0.1 between groups.

M: Marker; p-STAT-3: Phospho-STAT-3; t-STAT-3: Total STAT-3; TOF: Tetralogy of Fallot; VSD: Ventricular

septal defect.

¢ CT-1 induces myocardial hypertrophy in
infants with congenital cardiac defects via
the STAT-3 pathway
Infants with Tetralogy of Fallot or with a large
ventricular septal defect show right ventricular
hypertrophy, which is due to the severe pulmo-
nary stenosis associated with the large ventricular
septal defect in Tetralogy of Fallot and to high
flow pulmonary hypertension in single ventricular
septal defect. Therefore, both patient groups had
pressure overload of the right ventricle at the sys-
temic level and myocardial remodeling as previ-
ously reported [20.21]. In addition to right ventric-
ular pressure overload, patients with ventricular
septal defect also demonstrated volume overload
of the left ventricle that may have enhanced CT-1
expression in response to inflammatory pathways,
as a limit of this study and discussed above.
CT-1 binds to the leukemia inhibitory
factor/glycoprotein 130 receptor, activating the
JAK/STAT pathway, which is known to trans-
duce hypertrophic signals in cardiac cells [3.22].

The JAK/STAT pathway is activated by hypoxia

Future Cardiol. (2014) 10(1)

and mechanical stretch. This activation is mainly
influenced by cytokines of the IL-6 family to
which CT-1 belongs [6.15.16,23]. CT-1 induces
phosphorylation of STAT-3 in a concentration-
dependent manner and maintains its activation
for 6 days in cultured neonatal cardiomyocytes
(13], indicating its long-lasting effect. In the pres-
ent study, intramyocardial phosphorylation and
activity of STAT-3 suggest the activation of the
JAK/STAT cascade by CT-1 in the myocardium
of infants with congenital cardiac defects. Trans-
genic mice with cardiac-specific overexpression of
STAT-3 manifest mild cardiac hypertrophy at the
age of 12 weeks [24].

In addition, STAT-3 plays an important role
in the transcriptional regulation of VEGF in car-
diac myocytes: increased expression of VEGF was
observed in cardiac myocytes after CT-1 stimula-
tion, which was completely inhibited by domi-
nant-negative STAT-3 in vitro and in vivo [2s).
Phosphorylation of STAT-3 results in its nuclear
translocation and DNA binding by which the
target gene, VEGF, is regulated.
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In our series, the overexpression of VEGF
correlates with the levels of CT-1 and phospho-
STAT-3 in the right ventricle. This suggests that
CT-1 induces cardiomyocyte hypertrophy and
angiogenesis during right ventricular remodel-
ing in infants with congenital cardiac defects; the
JAK/STAT signaling pathway seems to play a role.

o Effects of CT-1 on the myocardium

Furthermore, to induce cardiac hypertrophy via
the JAK/STAT pathway, CT-1 expression was
associated with cardiac troponin-I degradation.
Cardiac troponin-I, an important component
of the cardiac contractile apparatus, is degraded
by Ca?*-dependent proteases, which results in
decreased maximal force and in relative insen-
sitivity to calcium in myocardial ischemia and
reperfusion injury [2627). The assumption that
CT-1 mediates myocardial cell damage is sup-
ported by the fact that chronically increased syn-
thesis of CT-1, as observed in human heart failure,
might further accelerate contractile dysfunction
and disease progression [9,10,12]. A recent study
performed on reconstituted heart tissue demon-
strated that chronic CT-1 stimulation impairs
contractile function by downregulating expres-
sion of calsequestrin, a myocyte-specific protein
involved in Ca?*-handling [13]. CT-1 induces
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cardiac myocyte hypertrophy via the addition of
sarcomeres in series rather than in parallel and
via increased cardiac myocyte length, with little
change in width [28]. This contributes to ineffec-
tive force generation. In addition, CT-1 increases
the number of nonmyocyte cells including car-
diac fibroblasts [29]. As we showed in this study by
immunohistological staining, CT-1 is also present
in nonmyocyte cells, suggesting that it might take
part in the remodeling of the extracellular matrix
of the infant myocardium. Indeed, CT-1 increases
mature collagen synthesis [18,29.30].

This study shows, for the first time, differential
expression of CT-1 in the myocardium of infants
with congenital cardiac defects. Hypoxemia is
likely to stimulate CT-1 expression in this age
group. CT-1 activates the JAK/STAT pathway
in these children, which mediates myocardial
hypertrophy and leads to cardiac troponin-I
degradation. The early myocardial remodeling
with troponin degradation observed in our series
points to the importance of early surgical man-
agement in patients with congenital heart defect
and hypoxemia.

Future perspective
Hemodynamic overload and hypoxemia are
known factors to upregulate intramyocardial
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Figure 6. Expression of VEGF

165°

(i) Levels of VEGF, , measured by western blotting in the (A) right

atrium and (B) right ventricle of infants with TOF (n = 7) or with VSD (n = 8). Results of VEGF___are

165

normalized for the bands of B-actin and are expressed as the mean value * standard deviation.
(ii) Exemplary gels obtained after western blotting of one representative experiment. Children with
TOF showed a higher synthesis of VEGF, _ in the right ventricle.

*p < 0.05 between groups.

M: Marker; TOF: Tetralogy of Fallot; VSD: Ventricular septal defect.
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Figure 7. Expression of degradation products of cardiac troponin-I. (i) Degradation products (26 kDa) of cTnl measured by western
blotting in the (A) right atrium and (B) right ventricle of infants with TOF (n = 8) or with VSD (n = 8). Degradation products (26 kDa) of
cTnl are expressed as the percentage of total immunoreactivity (mean value + standard deviation). (ii) Exemplary gels obtained after
western blotting of one representative experiment showing higher degradation levels of cTnl in children with TOF.

*p=0.1.

**p < 0.05 between groups.

cTnl: Cardiac troponin-I; M: Marker; TOF: Tetralogy of Fallot; VSD: Ventricular septal defect.

expression of CT-1, which is responsible for a
variety of growth and differentiation effects, espe-
cially in cardiomyocytes. Children with Tetral-
ogy of Fallot or a large ventricular septal defect
are exposed to hemodynamic overload leading to
myocardial changes. Investigation of the CT-1-in-
duced pathways on a molecular level may unravel
the underlying processes leading to myocardial
transformation and clinical myocardial dysfunc-
tion. Therapy and management of children with
congenital heart disease is determined by clini-
cal requirements and the technical evolution of
surgical techniques. Knowledge of ongoing intra-
myocardial processes in unoperated heart disease
is expected to generate important additional
information, which might have an impact on the
future management of these patients. The influ-
ence of hypoxemia on intramyocardial processes
might influence the optimal timing of surgical
treatment in these children.
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EXECUTIVE SUMMARY
e Cardiotrophin-1 (CT-1) is differentially expressed in the myocardium of infants with heart defects depending on
hypoxemia.
e Higher CT-1 expression in patients with Tetralogy of Fallot is associated with activation of the JAK/STAT pathway and
higher cardiac troponin-I degradation.
e CT-1 might influence myocardial hypertrophy and myocardial dysfunction in infants with congenital cardiac defects,
particularly in those with hypoxemia.
References indexes in normotensive morbid obesity. interleukin-10 via the Janus kinase (JAK)/
Papers of special note have been highlighted as: Hypertension 51(2), e8—e9; author reply €10 signal transducers and activator of transcription
o ofinterest (2008). (STAT) pathway. Crit. Care Med. 31(12),
ee of considerable interest 9 Talwar S, Downie PF, Squire IB, Barnett DB, 2769-2775 (2003).
1 Sheng Z, Knowlton K, Chen J, Hoshijima M, Davies JD, Ng LL. An immunoluminometric 18 Freed DH, Moon MC, Borowiec AM,
Brown JH, Chien KR. Cardiotrophin 1 (CT-1) assay for cardiotrophin-1: a newly identified Jones SC, Zahradka P, Dixon IM.
inhibition of cardiac myocyte apoptosis via a cytokine is present in normal human plasma Cardiotrophin-1: expression in experimental
mitogen-activated protein kinase-dependent and is increased in heart failure. Biochem. myocardial infarction and potential role in
pathway. Divergence from downstream CT-1 Biophys. Res. Commun. 261(3), 567-571 post-MI wound healing. Mol. Cell Biochem.
signals for myocardial cell hypertrophy. /. Biol. (1999). 254(1-2), 247-256 (2003).
Chem. 272(9), 5783-5791 (1997). 10 Talwar S, Squire IB, Downie PF, O’Brien R, 19 Aoyama T, Takimoto Y, Pennica D ez al.
q Y
o Detection of the importance of Davies JE, Ng LL. Elevated circulating Augmented expression of cardiotrophin-1 and
cardiotrophin-1 (CT-1) in myocardial cell c;{rdiotrophin—l in heart failL.ue: relation?hip it.s receptor component, gp139, ifl both ‘left ‘and
hypertroph with parameters of left ventricular systolic right ventricles after myocardial infarction in
P PhY: dysfunction. Clin. Sci. (Lond.) 99(1), 8388 the rat. /. Mol. Cell. Cardiol. 32(10),
2 Potter DD, Araoz PA, Ng Lletal. (2000)_ 1821-1830 (2000)_
Cardi in-1 and dial strain ch
@fCIOCTOpIn- ANC MyBGArdia SIain €1ange o  Importance of CT-1 in heart failure. 20 Qing M, Schumacher K, Heise R ez a/.
heterogeneously in cardiomyopathy. /. Surg. I dial hesis of d ani
Res. 141(2), 277-283 (2007). 11 NgLL, O’Brien RJ, Demme B, Jennings S. .ntramyocar 1a syn.t e51.s D. pro- an. ant-
Calabro P. Li i G. Rieeler L ez al 1 Non-competitive immunochemiluminometric inflammatory cytokines in infants with
3 ) a.a rov , Limongelli G, l.eg er _”” g Nove assay for cardiotrophin-1 detects clevated congenital cardiac defects. /. Am. Coll. Cardiol.
insights into the role of cardiotrophin-1 in . ; ) ) 41(12), 22662274 (2003)
. . . plasma levels in human heart failure. Clin. Sci. ’ )
cardiovascular diseases. /. Mol. Cell Cardiol. .
46(2), 142-148 (2009) (Lond.) 102(4), 411-416 (2002). 21 Qing M, Gorlach A, Schumacher K ez al.
’ ' 12 Talwar S, Squire IB, Davies JE, Ng LL The hypoxia-inducible factor HIF-1 promotes
oo Results of the influence of CT-1 in clinical The effect of valvular regurgitation on plasma intramyocardial expression of VEGF in infants
disease. . S . . with congenital cardiac defects. Basic Res.
cardiotrophin-1 in patients with normal left )
4 Latchman DS. Cardiotrophin-1: a novel ventricular systolic function. Eur. J. Heart Fail. Cardiol. 102(3), 224-252 (2007).
cytokine and its effects in the heart and other 2(4), 387-391 (2000). 22 Kunisada K, Tone E, Fujio Y, Matsui H,
tissues. Pharmacol. Ther. 85(1), 29-37 (2000). 13 Zolk O, Engmann S, Munzel F, Krajcik R Yamauchi-Takihara K, Kishimoto T. Activation
5 Ichiki T, Jougasaki M, Setoguchi M e al. Chronic cardiotrophin-1 stimulation impairs of gp130 transduces hypertrophic signals via
Cardiotrophin-1 stimulates intercellular contractile function in reconstituted heart STAT3 in cardiac myocytes. Circulation 98(4),
adhesion molecule-1 and monocyte tissue. Am. J. Physiol. Endocrinol. Metab. 346-352 (1998).
chemoattractant protein-1 in human aortic 288(6), e1214—e1221 (2005). 23  LeeKS, Park JH, Lee S, Lim HJ, Choi HE,
endofhellal cells. Am. |. Physiol. Heart Cire. 14 Asai§, Saito Y, Kuwahara K ez /. The heart is Park HY. HB-EGF induces delayed STAT3
Physiol. 294(2), H750-H763 (2008). . . . Lo activation via NF-kappaB mediated IL-6
a source of circulating cardiotrophin-1 in o
6 LuY, ZhouJ, Xu C et al. JAK/STAT and humans. Biochem. Biophys. Res. Commun. secretion in vascular smooth muscle cell.
PI3K/AKT pathways form a mutual 279(2), 320—323 (2000). Biochim. Biophys. Acta 1773(11), 1637-1644
L . (2007).
tra.r(;sa?tlvanon 1.0(()ip an(;:l afford r.Csttance to 15 Hishinuma S, Funamoto M, Fujio Y, Kunisada . )
OXIi ;lthC stress-induce; ﬂPprtOS'lS n K, Yamauchi Takihara K. Hypoxic stress 24 Kunisada K, Negoro S, Tone E ez al. Signal
cardiomyocytes. Cell. Physiol. Biochem. 21(4), . . . S . transducer and activator of transcription 3 in
induces cardiotrophin-1 expression in cardiac
305-314 (2008). myocytes. Biochem. Biophys. Res. Commun. the heart transduces not only a hypertrophic
7 Gonzalez A, Ravassa S, Loperena I ez al. 264(2), 436440 (1999). signal but a protective signal against
Association of depressed cardiac gp130- . . doxorubicin-induced cardiomyopathy. Proc.
mediated antiapoptotic pathways with 16 Pan], Fuk'uda K, Saito M er al. Mechamc.al Natl Acad. Sci. USA 97(1), 315-319 (2000).
nulated cardi o stretch activates the JAK/STAT pathway in rat . i )
samutate . car xf)myocyte apop tOS{S " cardiomyocytes. Circ. Res. 84(10), 1127-1136 25 Funamoto M, Fujio Y, Kunisada K ez /. Signal
hypertensive patients with heart failure. (1999) transducer and activator of transcription 3 is
J. Hypertens. 25(10), 2148-2157 (2007). _ ) o required for glycoprotein 130-mediated
8  Malavazos AE, Ermetici F, Morricone L et al. 17 QingM, Nlmmesge.rn A, Heinrich PC.: et dl. induction of vascular endothelial growth factor
o i Intrahepatic synthesis of tumor necrosis factor- . . .
Association of increased plasma loha related o cardi is inhibited b in cardiac myocytes. /. Biol. Chem. 275(14),
cardiotrophin-1 with left ventricular mass a'pha felatec fo cafiac surgety s Inhubite@ by 1056110566 (2000).
future science group www.futuremedicine.com 61



RESEARCH ARTICLE Heying, Qing, Schumacher, Sokalska-Duhme, Vazquez-Jimenez & Seghaye

26

27

62

Palmer BS, Klawitter PF, Reiser PJ,
Angelos MG. Degradation of rat cardiac
troponin I during ischemia independent of
reperfusion. Am. J. Physiol. Heart Cir.
Physiol. 287(3), H1269-H1275 (2004).

McDonough JL, Arrell DK, Van Eyk JE.
Troponin I degradation and covalent complex
formation accompanies myocardial
ischemia/reperfusion injury. Cire. Res. 84(1),
9-20 (1999).

28

29

Wollert KC, Taga T, Saito M et al.
Cardiotrophin-1 activates a distinct form of
cardiac muscle cell hypertrophy. Assembly of
sarcomeric units in series via gp130/leukemia
inhibitory factor receptor-dependent
pathways. /. Biol. Chem. 271(16), 9535-9545
(1996).

Freed DH, Borowiec AM, Angelovska T,
Dixon IM. Induction of protein synthesis in
cardiac fibroblasts by cardiotrophin-1:

Future Cardiol. (2014) 10(1)

30

integration of multiple signaling pathways.
Cardiovasc. Res. 60(2), 365-375 (2003).
Freed DH, Cunnington RH, Dangerfield AL,
Sutton JS, Dixon IM. Emerging evidence for
the role of cardiotrophin-1 in cardiac repair in
the infarcted heart. Cardiovasc. Res. 65(4),
782-792 (2005).

Implication of CT-1 in cardiac dysfunction

and ischemia.

future science group



