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Yin-Yang 1 transcription factor modulates sST2 on adverse cardiac
remodeling post-myocardial infarction
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Background: The cardioprotective effects of metformin remain poorly defined.
Interleukin (IL)-33/ST2L signaling is a novel cardioprotective system, which is
antagonized by the soluble isoform sST2. No data exist about the regulation of
ST2 expression. This study aimed to evaluate the pathophysiological implication
of Yin-Yang 1 (Yy1) transcription factor in cardiac remodeling and the expression
of soluble ST2 isoform.
Methods and results: Rats underwent myocardial infarction (MI) by permanent
ligation of the left anterior coronary artery. Animals randomly received metformin
or saline. A model of biomechanical stress in cardiomyocytes was also used.
Metformin administration improved post-MI cardiac remodeling, which was asso-
ciated with an increase in IL-33 and a reduction of myocardial expression of sST2.
Anti-remodeling effects of metformin were associated with reduced intranuclear
protein levels of the transcription factor Yy1 and lower levels of phosphorylated
HDAC4 inside cytoplasmic space. These effects were replicated in the cellular
model, where the silencing of Yy1 expression, or the inhibition of HDAC4, blocked
cardiomyocyte production of sST2. These effects were observed only in the pres-
ence of biomechanical stress. Metformin blocked the HDAC4 phosphorylation in-
duced by MI, preventing its export from the nucleus to the cytosol. The presence
of dephosphorylated HDAC4 in the nucleus acted as a co-repressor of Yy1, re-
pressing expression of sST2.
Conclusions: Metformin prevented myocardial remodeling after MI by blocking
the nuclear-cytosol shuttling of HDAC4, acting as co-repressor of Yy1, which sup-
presses the soluble isoform of the ST2 gene. Manipulation of this pathway might
offer new therapeutic options against adverse cardiac remodeling.
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Background: Multilineage-differentiating stress-enduring (Muse) cells, pluripo-
tent stem cells, which reside in the bone marrow (BM), are mobilized into the
peripheral blood by sphingosine-1-phosphate receptor 2 (S1PR2) agonist after
acute myocardial infarction (AMI). However, precise mechanism by which en-
dogenous Muse cells are mobilized into the peripheral blood, and repair the dam-
aged tissue after AMI is still unclear.
Purpose: To clarify the efficiency of S1PR2 agonist to mobilizes endogenous
Muse cells into peripheral blood from the bone marrow (BM) for tissue repair after
AMI.
Methods and results: Japanese white rabbits underwent 30 min of coronary oc-
clusion and 2 weeks of reperfusion. S1PR2 agonist SID46371153 (10 mg/kg, s.c.)
or vehicle was administered at 30 min after reperfusion. The number of SSEA3+
and CD44+ double positive Muse cells in the peripheral blood was measured by
FACS at 12 h after AMI. The number of Muse cells in the blood significantly in-
creased in the S1PR2 agonist group than in the control and sham groups. The
increase in Muse cells number by S1PR2 agonist was completely abolished by
S1PR2-specific antagonist JTE-013 (5 mg/kg, s.c.). Migration of Muse cells to-
wards AMI serum and SID46371153 was pharmacologically (JTE-013) proven to
be mediated through S1P-S1PR2 axis. Culture of peripheral blood mononuclear
cells demonstrated the presence of Muse cells expressing Nanog, GATA4 and
Nkx2.5, which differentiated into cardiomyocyte-like cells with positive troponin T
and α-actinin, and endothelial-like cells with positive CD31. S1PR2 agonist sig-
nificantly reduced the myocardial infarct size and improved LV function and re-
modeling as compared to the controls, which were completely abolished by JTE-
013. S1PR2 agonist accelerated the homing of GFP+-Muse cells from the BM to
the infarcted heart and expressed cardiac troponin-I, α-actinin, connexin 43 and
CD31, suggesting the potential ability of endogenous Muse cells to differentiate
into cardiomyocytes and microvessels.
Conclusions: S1PR2 agonist is a mobilizer of endogenous Muse cells from the
BM and might be a novel strategy for the regenerative therapy of AMI.
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A direct factor Xa inhibitor, rivaroxaban, attenuates cardiac
hypertrophy and fibrosis in renin-overexpressing hypertensive mice
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Introduction: Factor Xa not only functions in a coagulation cascade but acti-
vates inflammatory response through protease-activated receptor-2 (PAR-2) sig-
naling. Rivaroxaban (Riv), a direct factor Xa inhibitor, has been commonly used
for the prevention of thromboembolic events in patients with non-valvular atrial
fibrillation and deep vein thrombosis. Recent studies showed that Riv exerts an
anti-inflammatory effect in addition to anti-coagulation. However, its mechanism
remains to be elucidated.
Purpose: The purpose of this study was to investigate whether Riv attenuates
the progression of cardiac hypertrophy and fibrosis in renin-overexpressing hy-
pertensive mice (Ren-TG) and to assess possible involvement of PAR-2 signaling
on it.
Methods: We treated 12- to 16-week-old male Ren-TG and wild-type mice (WT)
with Riv (12 mg/kg/day) or regular diet for 4 weeks. We evaluated the extent of
cardiac hypertrophy, function, and fibrosis by using echocardiography and histo-
logical analysis. The mRNA expressions of inflammatory cytokines were evalu-
ated by quantitative PCR. In another experiment, we treated Ren-TG with contin-
uous subcutaneous infusion of PAR-2 antagonist FSLLRY-NH2 (10 μg/kg/day) for
4 weeks, and evaluated its effects.
Results: Factor Xa concentration in plasma was greater in Ren-TG than in WT
(23.4±2.3 vs 13.3±1.6 ng/mL, p<0.05), and Riv treatment in Ren-TG attenuated
it to 11.4±4.0 ng/mL (p<0.01 vs without Riv). Riv treatment increased plasma
anti-factor Xa activity from 0.2±0.01 to 3.0±1.5 IU/mL in Ren-TG. Left ventricu-
lar thickness evaluated by echocardiography was greater in Ren-TG than in WT
(2.2±0.05 vs 1.8±0.09 mm, p<0.01), and Riv treatment attenuated it to 1.8±0.08
mm in Ren-TG (p<0.01 vs without Riv). Heart weight/body weight ratio was also
greater in Ren-TG than in WT (5.0±0.6 vs 3.7±0.3, p<0.01), and Riv treatment
attenuated it to 4.4±0.3 in Ren-TG (p<0.05 vs without Riv). Area of cardiac fibro-
sis evaluated by Masson-Trichrome staining was greater in Ren-TG than in WT
(4.2±0.7 vs 1.1±0.6%, p<0.01), and Riv treatment attenuated it to 2.2±1.1% in
Ren-TG (p<0.01 vs without Riv). Cardiac mRNA expressions of PAR-2, β-MHC,
COL3A1, TNF-α, and TGF-β1 were all greaterin Ren-TG than in WT (all p<0.05,
n=4–6), and Riv treatment attenuated these increases (all p<0.05 vs without Riv).
PAR-2 antagonist FSLLRY-NH2 treatment attenuated the increase of left ventric-
ular thickness to 2.0±0.09 mm in Ren-TG (p<0.05 vs with vehicle) and heart
weight/body weight ratio to 6.0±0.4 (p<0.05 vs with vehicle 6.4). Furthermore,
FSLLRY-NH2 treatment attenuated the increase of total cardiac mRNA expres-
sions of PAR-2, β-MHC, COL3A1, TGF-β1 (all p<0.05 vs with vehicle).
Conclusions: These results indicate that Riv has protective effects on the pro-
gression of cardiac hypertrophy and fibrosis, and the enhancement of inflamma-
tory cytokines, probably via inhibition of PAR-2 signaling.
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Chronic hypoxia-induced CIRP hypermethylation attenuates
hypothermic cardioprotection during cardiopulmonary bypass
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Background: Patients suffering from chronic hypoxia (CH) are at high risk for
postoperative complications following cardiac surgery. However, the underlying
mechanism remains unclear.
Objective: To investigate the mechanistic pathway that links hypoxia with com-
promised cardioprotection during cardiopulmonary bypass (CPB).
Methods:Rats were housed in hypoxic chambers for one month before the exper-
iment. To assess the impact of chronic hypoxia on cardiac function after CPB, we
established CPB model on CH rats and normal rats. Postoperative cardiac func-
tions were evaluated through cardiac catheterization and cardiac tissues were
collected for proteomic analysis.
Results: By using rat CPB model, we found that cardiac function decreased sig-
nificantly in CH rat when compared with the control. Cardiac proteome analysis
detected a significantly decreased expression of Cold-inducible RNA-binding pro-
tein (CIRP) in CH rats and it was confirmed by western blotting. Analysis of neona-
tal rat cardiomyocytes under CH and cardiac tissues from CH patients showed
that CH induced hypermethylation in Cirp promoter region, resulting in its base-
line depression and failure to respond to cold stress. Furthermore, we developed
Cirp-knockout (Cirp-/-) and Cirp transgenic (Cirp Tg) rats and found hypother-
mic cardioprotection was attenuated in Cirp-/- rats but enhanced in Cirp Tg rats.
We identified that ubiquinone biosynthesis pathway was downregulated in Cirp-/-
rat with a subsequent decrease in the cellular level of CoQ10, leading to greater
myocardial injury during CPB. Thereby, epigenetic modification of Cirp attenuated
cardiac CoQ10 biosynthesis during CPB in CH rat and this finding was further ver-
ified in CH patients. After adding CoQ10 to the cardioplegic solution, significant
improvement of cardioprotection was achieved for CH rats but not the control.
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