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Abstract: Background: This study tested the hypothesis that combined histone methyltransferase G9a inhibitor
(i.e., UNCO638) and erythropoietin (EPO) was superior to either one alone for protecting myocardium from acute
myocardial infarction (AMI) damage. Methods and results: Adult-male SD rats (n=30) were equally categorized into
group 1 (sham-operated control), group 2 (AMI), group 3 (AMI-EPO/1000 IU/kg, I.M./3 h after AMI), group 4 (AMI-
UNC0638/5 mg/kg I.P./3 h after AMI) and group 5 [AMI-UNCO638-EPO 3 h after AMI] treatment. Animals were
euthanized at day 21 after AMI induction. By day 21, left-ventricular-ejection-fraction (LVEF) was highest in group 1,
lowest in group 2, significantly higher in group 5 than in groups 3 and 4, but no difference between the latter two
groups (all P<0.0001). The protein expressions of inflammatory (MMP-2/MM-9), fibrotic (fibronectin/Smad3/TGF-R),
apoptotic/DNA-damaged (caspas-3/PARP/y-H2AX), cell-stress response (HIF-1a/p-Akt/p-mTOR) and autophagic
(beclin-1/ratio of LC3B-Il to LC3B-l) biomarkers exhibited an opposite pattern, whereas the protein expressions of
endothelial integrity (CD31/vWF) and anti-oxidant (SIRT1/SIRT3) exhibited an identical pattern of LVEF among the
five groups (all P<0.0001). The protein expressions (SDF-1a/VEGF/CXCR4) and cellular expressions (C-kit/CD31+//
Sca-1/CD31+//KDR/CD34+) of angiogenesis biomarkers were significantly progressively increased from groups 1
to 5 (all P<0.0001). The infarction/fibrotic areas, myocyte size and number of G9a cells exhibited an opposite pat-
tern, whereas the small-vessel density displayed an identical trend of LVEF among the groups (all P<0.0001). Flow
cytometric analysis showed cellular levels of inflammation (Ly6G+/MPO+/CD11b/c+), oxidative-stress (DCFDA+)
and apoptosis (early+/late+) exhibited an opposite pattern to LVEF among the groups (all P<0.0001). Conclusion:
EPO-BIX01294 effectively protected myocardium against AMI-induced damage.

Keywords: Acute myocardial infarction, histone methyltransferase, G9a inhibitor, oxidative stress, inflammation,
fibrosis, apoptosis

Introduction studies have revealed that acute myocardial

infarction (AMI), resulting from acute coronary
Cardiovascular disease (CVD) remains a re- artery occlusion that usually causes billions of
mains a major health issue which affects more cardiac cells damage [2] is one of the major
than 23 million people worldwide and also contributors of CVD. Mammalian heart has a

serves as a main cause of death [1]. Previous lower capacity of regeneration and the dead
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cells are always replaced by a fibrotic scar after
the injury, resulting in heart failure (HF)/pump
failure and sudden death. Therefore, to develop
a new modality with safety and efficacy [3, 4] is
of utmost importance to physicians and pa-
tients.

It is well recognized that CVD is a complex
pathophysiological feature affected by both
genetic and environmental factors. Although
some investigators have tried to unfold the
mystery lurking behind the complexity and het-
erogeneity of CVD/AMI [5, 6], these efforts
remain regrettably short of fully elucidating the
complex cardiovascular events in human being.
Interestingly, growing evidences have verified
that genetic mutations could contribute to the
multiple pathologies of HF through structure
alternation, i.e., the function of proteins respon-
sible for various cellular activities [7]. Epige-
netics is defined as the changes in gene expres-
sion which cannot be explained by changes in
DNA sequence [8-10], but rather induced by
the alterations associated with packaging and/
or translation of genetic information [11]. The
main alterations in epigenetics included chro-
matin remodeling (ATP-dependent), histone
modification, DNA methylation, and RNA-based
mechanisms. Among these epigenetic chang-
es, histone modifications could cause the re-
modeling of chromatin and then induce the
activation/inactivation of gene expression. Va-
rious studies have revealed that histone modi-
fication participates in various disease devel-
opments [12]. Each histone has an amino-ter-
minal tail, which protrudes from the surface of
the nucleosome, and participates to various
post-transcriptional modifications [12-14]. The-
se modifications lead to the chromatin’s confor-
mation changes and further causing the altered
gene expression [15] which depend on whether
DNA becomes accessible or inaccessible for
transcription.

Prior studies demonstrated that histone meth-
ylations are lysine methylations, i.e., histone H3
lysine 4 (H3K4), H3K9, H3K27, H3K36, H3K79
and H4K20 [16]. Previous study indicated that
differential methylation patterns for H3K4 and
H3K9 occur in the vicinity of various gene clus-
ters of failing human hearts [17], suggesting a
potential role of epigenetic markers in HF [16,
18]. However, there is only limited information
about the function of histone methylation in
heart diseases. Previous studies indicated that
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G9a is correlated with metastasis, drug resis-
tance, and stemness-associated genes in dif-
ferent types of cancer [9, 19-21]. Additionally,
the G9a has also been found to be upregulated
in various types of human cancer cells [22] and
in different situation of animal ischemic reper-
fusion [23]. Of interest is that inhibition of G9a
ameliorates methylglyoxal-induced peritoneal
fibrosis [24], attenuates renal fibrosis, retains
klotho expression [25] and regulates the
autophagy in cells [26, 27], as well as causes
bone marrow mesenchymal stem cells to exhib-
it a cardio competent phenotype [28]. Addi-
tionally, stress-induced Brgl-G9a-Dnmt3 has
been elucidated to play an essential role for
cardiac hypertrophy and dysfunction [29],
whereas inhibition of histone methyltransfer-
ases SUV39H1 and G9a could lead to the effect
of neuroprotection [30]. The above studies
raise the hypothesis that manipulation of G9a
may be a novel candidate of therapeutic impact
in CVD [31-33], including in the setting of AMI.

Erythropoietin (EPO) is well recognized as a
hypoxia-induced hormone, mainly produced in
kidneys. EPO was originally used for treating
anemic patients of various etiologies, especial-
ly in uremic patients. Interestingly, evidences
have shown that EPO protected the heart
against ischemic myocardial damage [34-37]
mainly through anti-ischemic action, anti-apop-
totic processes [34, 35], neovascularization,
mobilization of endothelial progenitor cells
(EPCs)/angiogenesis [38-41], anti-inflammato-
ry/anti-fibrotic [38, 42] and anti-oxidant [43,
44] effects. The aforementioned issues raised
our hypothesis that combined EPO and G9a
inhibitor might offer additional benefit than
either one alone for protecting the myocardium
against AMI-induced injury.

Materials and methods
Ethics

All animal procedures were approved by the
Institute of Animal Care and Use Committee at
Kaohsiung Chang Gung Memorial Hospital (No.
2017092704) and performed according to the
care and use of laboratory animals guidelines.
Animals were kept in an Association for
Assessment and Accreditation of Laboratory
Animal Care International (AAALAC) approved
animal facility in our hospital.
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Animal grouping

Pathogen-free, adult male Sprague Dawley rats
(n=30) weighing 325-350 g (Charles River
Technology, BioLASCO, Taiwan) were catego-
rized into group 1 (sham-operated control),
group 2 (AMI), group 3 [AMI + EPO (1000 IU/kg)
by intramuscular injection 3 h after AMI induc-
tion], group 4 [AMI + UNC0638 (Sigma) (5 mg/
kg) by intraperitoneal administration 3 h after
AMI induction)] and group 5 (AMI + UNC0638 +
EPO), respectively. Both the dosages of EPO
and UNCO0638 (i.e., a G9a inhibitor) were based
on our previous report [45] and other previous
reports [25, 46], respectively with some
modification.

Animal model of AMI induction

The procedures of AMI induction were followed
with our previous studies [47, 48]. In brief, all
rats were anesthetized and exposed the heart
via a left thoracotomy under sterile conditions.
Sham-operated rats (SC) received the thora-
cotomy only, while other groups were induced
AMI by left coronary artery ligation. Regional
myocardial ischemia was evaluated by rapid
color change from pinkish to dull reddish over
the anterior surface of the LV and rapid devel-
opment of akinesia and dilatation in the isch-
emic region. After the procedure, the thoracoto-
my wound was closed and all rats recovered
from anesthesia in a portable animal intensive
care unit (ThermoCare®) for 24 h.

Functional assessment by echocardiography

In each experimental group, transthoracic
echocardiography was performed through the
Vevo 2100 (Visualsonics, Toronto, Ontario,
Canada) prior to and at day 60 after different
treatments. The M-mode standard two-dimen-
sional (2D) left parasternal long axis echocar-
diographic examination was conducted. Left
ventricular internal dimensions, included left
ventricular end-systolic diameter (LVESd) and
left ventricular end-diastolic diameter (LVEDA),
were measured at mitral valve and papillary lev-
els of the left ventricle at least three consecu-
tive cardiac cycles. Left ventricular ejection
fraction (LVEF) was evaluated as follows: LVEF
(%) = [(LVEDd3-LVESd3)/LVEDd3] x 100%.

Cell lines
HOC2 cells (Bioresource Collection and Re-

search Center, Taiwan) were maintained in
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MEM medium supplemented with 10% fetal
bovine serum, 2 mM L-glutamine, 0.1 mM non-
essential amino acids, 0.1 mM sodium pyru-
vate, 100 U/ml penicillin G and 100 pg/ml
streptomycin.

Western blotting

In brief, cells were sonicated in protein lysis
buffer (M-PER™ mammalian protein extraction
buffer, Thermo Scientific, Rockford, IL, USA)
and cellular debris were removed by centrifuga-
tion. Extracted proteins were separated by
sodium dodecyl sulfate polyacrylamide gel
electrophoresis, transferred to a nitrocellulose
membrane, and immunoblotted with the indi-
cated [Caspase 3, PARP, p-Smad3, G9a, belclin
1, LC3B-I/Il, SDF-1a, Akt, p-Akt, mTOR, p-mTOR,
PI3K and y-H2AX (Cell Signaling); Bax, TGF-8,
SIRT1, SIRT3, HIF-1a, fibronectin, MMP-2,
MMP-9, VEGF, CXCR4, CD31, and vVWF (Abcam);
NOX-1 and NOX-2 (Sigma); and Actin (Millipore)]
antibodies.

Histopathological quantification of LV myocar-
dial fibrosis and infarct area

Briefly, the infarct area and fibrosis of LV myo-
cardium were identified by hematoxylin and
eosin (H & E) and Masson'’s trichrome staining,
respectively. Image Tool 3 (University of Texas,
Health Science Center, San Antonio, UTHSCSA,;
Image Tool for Windows, Version 3.0, USA) was
used to calculate the integrated area (um?) of
infarct area and fibrosis on each section. The
method of mean integrated area (um?) of fibro-
sis in LV myocardium in each groups were same
with our previous study [49]. In addition, the
small blood vessels were performed with
a-SMA by immunohistochemisty (IHC) staining.
The small vessel densities in left ventricular
infarct area were also be calculated.

Oxidative stress reaction in in vitro study

Oxidative stress reaction evaluation was con-
ducted by the Oxyblot Oxidized Protein
Detection Kit (Chemicon). DNPH derivatization
was carried out according to the manufactur-
er’'s instructions. One-dimensional electropho-
resis was carried out on 12% SDS/polyacryl-
amide gel after DNPH derivatization. Proteins
were transferred to nitrocellulose membranes,
which were then incubated with primary and
secondary antibodies at room temperature.
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Flow cytometric analysis for examining early
and late cell apoptosis

Cell apoptosis were determined through the
double staining of annexin V and propidium
iodide (PI) by flow cytometry. Additionally, the
flow cytometric analysis for intracellular oxida-
tive stress (i.e., using DCFDA dye staining) was
also performed in in vitro study.

Statistical analysis

Quantitative data were expressed as mean +
standard deviation (SD). Statistical analysis
was performed by ANOVA followed by Bonferroni
multiple comparison post hoc test. Statistical
analysis was performed using SAS statistical
software for Windows version 8.2 (SAS insti-
tute, Cary, NC, USA). Probability value of less
than 0.05 is considered as statistically signi-
ficant.

Results

Cell survival rate and flow cytometric analysis
for clarifying the therapeutic impact of G9a-
In (UNC0O638) on protecting the HIC2 cells
against H,0 -indcued apoptosis and oxidative
stress (Figure 1)

To verify the role of G9a in regulating the cyto-
toxicity in cardiomyocyte cells, we first evaluat-
ed the cytotoxicity induced by H,O, (i.e., a
potent oxidative stress substance) in parental,
G9a-depleted and pretreated with G9a inhibi-
tor (UNC0O638) (G9a-In) in HOC2 cells. Our
results indicated that knockdown of G9a or pre-
treated with G9a-In significantly reduce the
cytotoxicity in H9C2 cells (Figure 1A). Next, we
conducted the flow cytometric analysis and the
results demonstrated that, as compared with
controls (CTL), early (annexin V*/Pl) and late
(annexin V*/PI*) apoptosis of HOC2 cells at 4 h
were significantly increased in oxidative stress
(0S) (i.e., treated by H,0,) (Figure 1B-D). On the
contrary, these parameters were significantly
reduced by G9a-In treatment (Figure 1B-D). In
addition, the flow cytometric analysis revealed
that the intracellular oxidative stress (i.e.,
stained by DCFDA dye) was significantly
increased in OS than in CTL but decreased in
G9a-In (Figure 1E-G). These findings, on addi-
tion to identifying the G9a played a crucial role
on regulating H,O_-indcued cytotoxicity, high-
light that inhibition of G9a effectively protected
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the HI9C2 cells against the H,O_-elicted oxida-
tive stress/free radical damage.

In vitro study to verify the therapeutic impact
of G9a-In (UNCO638) on suppressing the H,0,-
induced oxidative stress, apoptosis and fibro-
sis of HOC2 cells (Figure 2)

To verify whether G9a-In treatment would pro-
tect H9C2 cells against H,0, damage, the
experimental study was categorized into (1)
HOC2 in culture medium (control group: CTL),
(2) H9C2 + H,0, (100 pM) (0S) and (3) H9C2 +
H,0, + G9a-In (1.0 uM) (G9a-In), groups and
cells were cultured for two time intervals (i.e., 6
h and 24 h), respectively.

In vitro, the protein expressions of NOX-1,
NOX-2 (Figure 2A, 2B) and oxidized protein
(Figure 2C) in H9C2, three indicators of oxida-
tive stress, were significantly increased in 0S
than in CTL and GO9a-In, and significantly
increased in G9a-In than in OS at time intervals
of 6 and 24 h cell culturing.

We further conducted the Western blotting for
time intervals of 6 and 24 h cell culturing, and
the results demonstrated that the protein
expressions of Smad3 and TGF- (Figure 2D,
2E), two indices of fibrosis, and the protein
expressions of mitochondrial Bax, cleaved cas-
pase 3 and cleaved PARP (Figure 2F-H), three
apoptotic biomarkers, were also significantly
increased in OS than in CTL and G9a-In and sig-
nificantly increased in G9a-In than in CTL.

Furthermore, we conducted the Western blot-
ting for verifying the G9a protein level at the
time intervals of 6 and 24 h cell culturing. The
results showed that this protein expression was
significantly increased in OS than in CTL that
was remarkably suppressed by G9a-In treat-
ment at these two time points (Figure 2I).

Combination of G9a inhibitor and EPO reduced
the circulatory levels of inflammatory biomark-
ers and enhanced the circulating numbers of
endothelial progenitor cells by day 3 after AMI
induction (Figure 3)

By day 3 after AMI induction, flow cytometric
analysis demonstrated that the circulating lev-
els of Ly6G+, CD11b/c+ and MPO+ cells, three
indicators of inflammation, were highest in
group 2 (i.e., AMI only), lowest in group 1 (sham-
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Figure 1. Protective effects of G9a inhibitor and si-G9a on survival rate of HOC2 cells undergoing the H,0O, treatment, and flow cytometric analysis for clarifying the
therapeutic impact of G9a inhibitor on protecting HIC2 cells against H,0,-indcued apoptosis and oxidative stress. A. lllustrating the survival rate of H9C2 underwent
the stepwise-increased H,0, concentration. The results showed that si-G9a (i.e., siG9a) and UNCO638 (G9a inhibitor, G9a-In) therapy significantly improved the
HOC2 survival rate, * vs. H9c2 only, P<0.005. B. lllustrating annexin-V/Pl analysis by flow cytometry of HOC2 cells treated with 100 uM H,O, for 4 h and pretreated
with 1.0 yM G9a inhibitor for 3 h. Analytical results of HO9C2 apoptosis: C. For early apoptosis: * vs. other groups with different symbols (t, 1), P<0.0001; D. For
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late apoptosis * vs. other groups with different symbols (1, £), P<0.0001. E. lllustrating oxidative stress fluorescent
intensity (i.e., stained by DCFDA) by flow cytometry of HOC2 cells treated with 100 uM H,O, for 4 h and pretreated
with 1.0 uM G9a inhibitor for 3 h. Analytical results of fluorescent intensity: F. Expression of mean fluorescent inten-
sity (MIF), * vs. other groups with different symbols (1, F), P<0.001; G. Expression of DCFDA (%), * vs. other groups
with different symbols (1, F), P<0.0001. DCFDA = Cell-free 2’,7’-dichloroflurescin diacetate. All statistical analyses
were performed by one-way ANOVA, followed by Bonferroni multiple comparison post hoc test (n=4 for each group).
Symbols (*, T, ) indicate significance (at 0.05 level). CTL = control group; OS = oxidative stress; G9a-In = G9a

inhibitor (i.e., UNCO638).

operated control), significantly higher in groups
3 (AMI + EPO) and 4 (AMI + G9a-In) than in
group 5 (AMI + G9a-In + EPO), but no difference
in groups 3 and 4 (Figure 3A-C). Additionally,
this analysis showed that the circulating level of
endothelial progenitor cells (i.e., with surface
makers as: C-kit/CD31+, Sca-1/CD31+, KDR/
CD34+, VE cadherin/CD34+) was significantly
progressively increased from groups 1 to 5,
suggesting an intrinsic response to ischemic
stimulation and upregulated by EPO-G9a-In
treatment (Figure 3D-G).

Combination of G9a inhibitor and EPO restored
the LVEF and reduced the infarct area by day
21 after AMI induction (Figure 4)

The baseline of LVEF was no difference among
the five groups. However, by day 21 after AMI
induction, we found that LVEF was highest in
group 1 and lowest in group 2. After different
treatments, the LVEF in group 5 was highest in
group 3 to 5 (Figure 4A, 4B). On the other hand,
the infarct area of left ventricle exhibited an
opposite pattern of LVEF among the five groups
(Figure 4C-H). Furthermore, the cardiomyocyte
size displayed similar pattern of infarct area
among the five groups (Figure 41-N).

Combination of G9a inhibitor and EPO su-
pressed the fibrotic area and inhibited the G9a
expression in LV infarct area by day 21 after
AMI induction (Figure 5)

The Masson’s trichrome stain demonstrated
that the LV infarct area was highest in group 2,
lowest in group 1 and significantly increased in
groups 3 and 4 than in group 5 (Figure 5A-F).
Additionally, IF staining revealed that the cellu-
lar expression of G9a in LV infarct area was
same to that of fibrotic area among the five
groups (Figure 5G-L).

Combination of G9a inhibitor and EPO pro-
moted angiogenesis in LV myocardium by day
21 after AMI induction (Figure 6)

The protein expressions of SDF-1a, VEFG and
CXCR4, three indices of angiogenesis factors,
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were significantly progressively increased from
groups 1 to 5, highlighting an intrinsic response
to ischemic stress and further being augment-
ed by EPO-Ga9-In treatment (Figure 6A-C). On
the other hand, the protein expressions of
CD31 and vWF, two indicators of endothelial
functional integrity, were highest in group 1 and
lowest in group 2, significantly higher in group 5
than in groups 3 and 4, but both revealed no
difference between these latter two groups
(Figure 6D, 6E). Additionally, the number of
small vessels in LV infarct area exhibited an
identical pattern of CD31 among the five groups
(Figure 6F-K).

Combination of G9a inhibitor and EPO de-
creased apoptotic, fibrotic, and DNA-damage
protein expressions by day 21 after AMI induc-
tion (Figure 7)

The protein expressions of cleaved caspase 3
and cleaved PARP, two indicators of apoptosis,
were highest in group 2, lowest in group 1, sig-
nificantly higher in groups 3 and 4 than in group
5, but no difference between groups 3 and 4 in
cleaved caspase 3, whereas significantly high-
er in group 4 than in group in cleaved PARP
(Figure 7A, 7B). Additionally, protein expres-
sions of Samd3, TGF-8 and fibronectin, three
indicators of fibrotic biomarkers, expressed an
identical pattern of apoptosis among the five
groups (Figure 7C-E). Furthermore, the protein
expression of y-H2AX, an indicator of DNA-
damage marker, also exhibited an identical pat-
tern of apoptosis among the five groups.

Combination of G9a inhibitor and EPO sup-
pressed protein expressions of inflammatory,
anti-oxidative-stress, anti-ischemic biomarkers
and G9a by day 21 after AMI induction (Figure
8)

The protein expressions of MMP-2 and MMP-9,
two indicators of inflammation, were highest in
group 2, lowest in group 1, significantly higher
in groups 3 and 4 than in group 5, but both
showed no difference between groups 3 and 4
(Figure 8A, 8B). Additionally, the protein expres-
sions of SIRT1 and SIRT3, two indicators of
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Figure 2. In vitro study to verify the therapeutic impact of G9a inhibitor (UNCO638) on inhibiting the H,0,-induced
oxidative stress, apoptosis and fibrosis of HOC2 cells. A. Protein expression of NOX-1, at 6 h: * vs. other groups with
different symbols (1, 1), P<0.005; at 24 h: * vs. other groups with different symbols (1, $), P<0.001. B. Protein ex-
pression of NOX-2, at 6 h: * vs. other groups with different symbols (T, f), P<0.001; at 24 h: * vs. other groups with
different symbols (1, $), P<0.001. C. Oxidized protein expression, at 6 h: *vs. other groups with different symbols (t,
1), P<0.0001; at 24 h, *vs. other groups with different symbols (1, 1), P<0.0001. (Note: left and right lines shown
on the upper panel represent protein molecular weight marker and control oxidized molecular protein standard,
respectively). M.W. = molecular weight; DNP = 1-3 dinitrophenylhydrazone. D. Protein expression of Smad3, at 6
h: * vs. other groups with different symbols (1, 1), P<0.0001; at 24 h: * vs. other groups with different symbols (T,
1), P<0.0001. E. Protein expression of transforming growth factor (TGF)-8, at 6 h: * vs. other groups with different
symbols (1, ), P<0.005; at 24 h: * vs. other groups with different symbols (1, 1), P<0.005. F. Protein expression
of mitochondrial (Mito)-Bax, at 6 h: * vs. other groups with different symbols (1, 1), P<0.001; at 24 h: * vs. other
groups with different symbols (1, F), P<0.0001. G. Protein expression of cleaved caspase 3 (c-Csp-3), at 6 h: *
vs. other groups with different symbols (1, 1), P<0.001; at 24 h: * vs. other groups with different symbols (1, 1),
P<0.0001. H. Protein expression of c-PARP, at 6 h: * vs. other groups with different symbols (f, 1), P<0.0001; at 24
h: * vs. other groups with different symbols (1, £), P<0.0001. I. Protein expression of G9a, at 6 h, * vs. other groups
with different symbols (1, F), P<0.005; at 24 h: * vs. other groups with different symbols (1, F), P<0.001. (n=4 for
each group). CTL = control group; OS = oxidative stress; G9a-In = G9a inhibitor.
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P<0.0001. B. Circulatory level of CD11b/c+ cells, * vs. other groups with different symbols (1, %, §), P<0.0001. C.
Circulatory level of myeloperoxidase (MPO)+ cells, * vs. other groups with different symbols (1, ¥, §), P<0.0001. D.
Circulatory number of C-kit/CD31+ cells, * vs. other groups with different symbols (1, 1, §), P<0.0001. E. Circulatory
number of Sca-1/CD31+ cells, * vs. other groups with different symbols (1, F, §), P<0.0001. F. Circulatory number
of KDR/CD34+ cells, * vs. other groups with different symbols (1, f, §), P<0.0001. G. Circulatory number of VE
cadherin/CD34+ cells, * vs. other groups with different symbols (t, %, §), P<0.0001. (n=6 for each group). SC =
sham-operated control; AMI = acute myocardial infarction; EPO = erythropoietin; UNC = UNCO638, a G9a inhibitor.
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(LVEF), P>0.5. B. The LVEF at day 21, * vs. other groups with different symbols (f, #, §), P<0.001. C-G. H.E. stain
microscopic finding (100 x) for identification of LV infarction area (yellow dotted line). H. Analytical result of infarct
area, * vs. other groups with different symbols (1, F, §), P<0.0001. Scale bars in right lower corner represent 100
um. I-M. lllustrating the H.E., stain of microscopic finding (400 x) for identification of cardiomyocyte size (red circle).
N. Analytical result of cardiomyocyte size, * vs. other groups with different symbols (1, %, §), P<0.0001. Scale bars
in right lower corner represent 20 um. (n=6 for each group). SC = sham-operated control; AMI = acute myocardial
infarction; EPO = erythropoietin; UNC = UNC0638, a G9a inhibitor.

anti-oxidant, displayed an opposite pattern of 8D). Furthermore, the protein expression of
inflammation among the five groups (Figure 8C, HIF-1a, an indicator of angiogenesis factor, was
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Figure 5. Fibrotic area and cellular expression of G9a in LV infarct area by day 21 after AMI induction. A-E. lllustrating
the Masson’s trichrome stain microscopic finding (100 x) for identification of fibrotic area (blue color). F. Analytical
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represent 100 um. G-K. lllustrating the immunofluorescent microscopic finding (400 x) for identification of the cel-
lular expression of G9a (green color). L. Analytical result of number of G9a+ cells, * vs. other groups with different
symbols (1, F, §), P<0.0001. Scale bars in right lower corner represent 20 um. (n=6 for each group). SC = sham-
operated control; AMI = acute myocardial infarction; EPO = erythropoietin; UNC = UNC0638, a G9a inhibitor.

highest in group 2 and lowest in group 1, signifi-
cantly lower in group 5 than in groups 3 and 4,
but no difference between groups 3 and 4,
implying an intrinsic response to ischemic
stress supressed by EPO-G9a inhibitor (Figure
8E). Moreover, the protein expression of G9a
was lowest in group 1, highest in group 2, sig-
nificantly lower in group 5 than groups 3 and 4
and significantly lower in group 4 than in group
3 (Figure 8F).
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Combination of G9a inhibitor and EPO amelio-
rated the autophagy and cell-stress signaling
by day 21 after AMI induction (Figure 9)

The protein expression of ratio of LC3BII/LC3BI,
an indicator of autophagy, was highest in group
2, lowest in group 1, significantly higher in
groups 3 and 4 than in group 5, but no differ-
ence was observed between groups 3 and 4
(Figure 9A). Additionally, the protein expression
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Figure 6. Angiogenesis in LV myocardium by day 21 after AMI induction. A. Protein expressions of stromal cell-
derived factor (SDF)-1a, * vs. other groups with different symbols (1, #, §), P<0.0001. B. Protein expression of
vascular endothelial growth factor (VEGF), * vs. other groups with different symbols (T, %, §), P<0.0001. C. Protein
expression of CXCR4, * vs. other groups with different symbols (T, f, §), P<0.0001. D. Protein expression of CD31,
* vs. other groups with different symbols (1, ¥, §), P<0.0001. E. Protein expression of vascular von Willebrand factor
(VWF), * vs. other groups with different symbols (T, ¥, §), P<0.0001. F-J. lllustrating the positively stain «-SMA (100
x) for identification of small vessel density (red color). K. Analytical result of number of small vessels (< 25 uM), *
vs. other groups with different symbols (t, %, §), P<0.0001. (n=6 for each group). SC = sham-operated control; AMI
= acute myocardial infarction; EPO = erythropoietin; UNC = UNCO638, a G9a inhibitor.

of beclinl, a central role in autophagy in
response to cell stress for a process of pro-
grammed cell survival, exhibited an identical
pattern of autophagy (Figure 9B). The protein
expressions of PI3K, phosphorylated (p)-AKT
and p-mTOR, the signaling pathway of cell sur-

vival, were highest in group 2, lowest in group
1, significantly higher in group 4 than in groups
3 and 5, and significantly higher in group 3 than
in group 5, highlighting a cellular intrinsic re-
sponse to ischemic stress was attenuated by
EPO-G9a-In treatment (Figure 9C-E).
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Figure 7. Protein expressions of apoptotic, fibrotic and DNA-damage biomarkers by day 21 after AMI induction. A.
Protein expression of cleaved caspase 3 (c-Csp3), * vs. other groups with different symbols (7, , §), P<0.0001. B.
Protein expression of cleaved poly (ADP-ribose) polymerase (PARP), * vs. other groups with different symbols (t,
1, §, 1), P<0.0001. C. Protein expression of phosphorylated (p)-Samd3, * vs. other groups with different symbols
(t, %, §), P<0.0001. D. Protein expression of transforming growth factor (TGF)-B, * vs. other groups with different
symbols (T, ¥, §), P<0.0001. E. Protein expression of fibronectin (Fib), * vs. other groups with different symbols
(1, ¥, 8), P<0.0001. F. Protein expression of y-H2AX, * vs. other groups with different symbols (t, ¥, §), P<0.000.
(n=6 for each group). SC = sham-operated control; AMI = acute myocardial infarction; EPO = erythropoietin; UNC =

UNCO0638, a G9a inhibitor.

Discussion

This study which investigated the therapeutic
impact of EPO-G9a inhibitor on protecting the
heart from AMI injury yielded several important
preclinical implications. First, in vitro study
demonstrated that G9a inhibitor effectively
protected the HOC2 cells against H,O, (i.e., oxi-
dative stress) induced damage. Second, in vivo,
as compared with SC animals, numerous
molecular-cellular perturbations were elicited
in AMI animals. These molecular-cellular per-
turbations further damaged the myocardium
and ultimately caused LVEF deterioration.
However, these phenomena were remarkably
reversed by either EPO or G9a inhibitor and fur-
ther remarkably reversed by combined EPO-
G9a inhibitor therapy in AMI animals.
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Currently, to the best of our knowledge, no
report addressing the therapeutic impact of
G9a inhibitor on protecting the heart from AMI.
The novel finding in the present study was that
by the end of study period (i.e., at day 21 after
AMI induction), the LVEF was significantly pre-
served by either G9a inhibitor or EPO as com-
pared to the AMI only that was further signifi-
cantly further preserved in combined EPO and
G9a inhibitor treatment, highlighting that G9a
inhibitor treatment may potentially act as a
complementary modality for AMI patients with
and without reperfusion therapy.

Intriguingly, previous studies have revealed
that inhibition of G9a ameliorates methylglyox-
al-induced peritoneal fibrosis [24], attenuates
renal fibrosis and regulate autophagy in cells
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Figure 8. Protein expressions of inflammatory, anti-oxidative-stress, anti-ischemic biomarkers and G9a by day 21
after AMI induction. A. Protein expression of matrix metalloproteinase (MMP)-2, * vs. other groups with different
symbols (1, F, §), P<0.0001. B. Protein expression of MMP-9, * vs. other groups with different symbols (t, £, §),
P<0.0001. C. Protein expression of SIRT1, * vs. other groups with different symbols (1, ¥, §), P<0.001. D. Protein
expression of SIRT3, * vs. other groups with different symbols (7, %, §), P<0.001. E. Protein expression of hypoxia
induced factor (HIF)-1«, * vs. other groups with different symbols (t, %, §), P<0.0001. F. Protein expression of G9a,
* vs. other groups with different symbols (1, 1, §, ), P<0.0001. (n=6 for each group). SC = sham-operated control;
AMI = acute myocardial infarction; EPO = erythropoietin; UNC = UNC0638, a G9a inhibitor.

[26, 27] and leads to neuroprotection induced
by cerebral ischemia [30]. In addition, EPO
improved ischemia-related organ dysfunction
via anti-inflammatory, anti-fibrotic [38, 42] and
antioxidant [43, 44] effects. An essential find-
ing in this in vitro study was that H,0, treatment
significantly upregulated the cellular apoptotic,
oxidative-stress and fibrotic biomarkers as well
as G9a protein expression in H9C2. However,
these parameters were remarkably downregu-
lated after receiving the G9a inhibitor treat-
ment. In vivo, as compared with the SC group,
the myocardial damage score, fibrotic area,
apoptotic and DNA-damaged biomarkers, auto-
phagy, cardiomyocyte size, inflammatory reac-
tion and oxidative stress as well as the protein
expression of G9a were substantially increased
in AMI animals. Importantly, these biomarkers
strongly associated with the deterioration in
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ischemia-related organ dysfunction [45, 47,
48] were significantly suppressed by either EPO
or G9a inhibitor treatment and further signifi-
cantly reduced by the combination of EPO and
G9a inhibitor treatment. In this way, our find-
ings, in addition to extending those of previous
studies [24, 26, 27, 38, 42-44], could partially
explain why the LVEF was greatly improved by
EPO-G9a inhibitor treatment.

Interestingly, our previous study has clearly
identified a strong association between acti-
vated MAPK (ERK 2, p38) and Akt, i.e., called
“cell stress response signaling” pathways and
deterioration of heart function after AMI [50]. A
principal finding in the present study was that
PI3K/p-AKT/m-TOR and HIF-1« (i.e., intrinsic
stress signaling pathway) were found to mark-
edly elevate in AMI animals. Our finding was

Am J Transl Res 2020;12(7):3255-3271
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Figure 9. Protein expressions of autophagy and cell-stress signaling by day 21 after AMI induction. A. Protein expres-
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groups with different symbols (1, f, 8), P<0.0001. D. Protein expression of phosphorylated (p)-AKT, * vs. other
groups with different symbols (1, ¥, §), P<0.0001. E. Protein expression of p-mTOR, * vs. other groups with different
symbols (1, 1, §), P<0.0001. (n=6 for each group). SC = sham-operated control; AMI = acute myocardial infarction;

EPO = erythropoietin; UNC = UNCO638, a G9a inhibitor.

consistent with those of our previous study
[50]. Of distinctive finding is that this stress
response signaling was eminently suppressed
by either EPO or G9a inhibitor and furthermore
obviously suppressed by combined EPO-G9a
treatment. Our findings could at least in part
explain why the LVEF in AMI animals was signifi-
cantly improved after receiving EPO-G9a
treatment.

Link between enhancing angiogenesis and
improving LVEF in setting of ischemic cardiomy-
opathy has been well recognized by previous
studies [47, 48, 51]. Additionally, our previous
study has also demonstrated that EPO therapy
notably enhanced circulating level of endothe-
lial progenitor cells in patients after ischemic
stroke [52]. Other study also indicated that G9a
inhibitor could enhance more stem cell popula-
tion to regenerate new myocytes for cardiac
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repair [53]. One important finding in the pres-
ent study was that the cellular and molecular
levels of angiogenesis biomarkers were signifi-
cantly increased in AMI animals after receiving
EPO or G9a inhibitor therapy and even more
significantly increased in those AMI animals
after receiving combined EPO-G9a inhibitor
therapy. Our findings, in addition to being com-
parable with those of previous studies [46-48,
52], once again explained why the LVEF was
preserved by EPO or G9a inhibitor therapy and
furthermore preserved by combined EPO-G9a
inhibitor therapy in AMI animals.

This study also has limitations. First, the study
period was relatively short. So, the long-term
outcome and LVEF after EPO-G9a inhibitor
treatment remain unclear. Second, despite
extended works were performed in in vitro and
in vivo studies, the exactly underlying mecha-
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nism of G9a inhibition and the combination of
G9a inhibitor and EPO treatments for improving
the heart function is still not fully verified and
needs further study.

Conclusions

Overall, our study indicated that G9a plays an
important role in AMI induced heart failure. In
addition, the combination of EPO and G9a
inhibitor treatment effectively preserved the LV
architecture and functional integrity in AMI rat
mainly through the downregulating of several
factors included inflammatory reaction, oxida-
tive stress, fibrosis, apoptosis and cell stress
response signaling and upregulating the angio-
genic and antioxidant effects.
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