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ABSTRACT

Theregulation of mTORand the dimethylation of histone H3 on lysine 9 (H3K9me2H3K9me2by Uhrfl and
the mechanismof autophagy regulation in myocardial ischemiareperfusioninjury (MIRI) were studied in
vivo andin vitro.

An in vitro I/R injury model was established using the primary mouse cardiomyocytestreated with HO,.
Subsequentanalysis by qRTFPCR,western blot, and immunofluorescenceindicated that overexpressionof
Uhrfl significantly inhibited apoptosisof the H.O.-treated cardiomyocytes,reduced expressionof apoptosis
factors caspase3 and Bax, and increasedexpressionof apoptosisinhibitory factor Bck2. Furthermore, Uhrfl
was found to increase cardiomyocyte proliferation and promote the expressionof mTOR,while the four
expressionpeaksof H3K9me2on the mTORgenewere inhibited by overexpressiorof Uhrfl. Theexpressionof
autophagy factors LC3, Beclinl, and p-mTOR in Uhrfl-overexpressedcardiomyocytes was dramatically
increased,and P62 expressionwas dramatically decreased When an H3K9me2inhibitor was added to the
Uhrfl-knockdowncardiomyocytes the expressionof mTORwasincreased the expressionof LC3Beclinl, and
p-mTORwasdecreasedand P62 expressiorwas significantlyincreased.

In the present study, Uhrfl exhibits a protective function in MIRI, reducingthe apoptosis of cardiomyocyte:
while increasingtheir proliferation and viability

INTRODUCTION

Myocardial ischemiaeperfusion injury (MIRI) is a
pathological process of progressive aggravation of
ischemic myocardium after partial or completgonary
artery occlusion. With the development of basic
research and clinical treatments, coronary artery bypass
grafting, percutaneous coronary angioplasty, and
intravenous thrombolysis have become widely used in
clinical practice. However, MIRI limitshe success rate

of these treatments. A series of damaging changes in
cardiac function electrophysiology, myocardial ultra
structure, and energy metabolism, and even severe
arrhythmia, caused by ischemia can lead to sudden

death. Timely reperfusion is theost effective method

of salvation from myocardial ischemj&]. However, a
series of adverse events often caused rapid reperfusion,
such as endoplasmic reticulum stress?*@aerload,

and excessive reactive oxygen species (ROS)
production. Theadverse events mentioned before are
generally specified as ischemia/reperfusion (I/R) injury
[2,3].

Ubiquitin like with PHD and ring finger domains 1
(Uhrfl) is an epigenetic modifier which is highly
expressed in many tumor cells. It has been shown
involved in cell apoptosis and proliferation, but its role
in cardiomyocytes has not been reported.
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Accordingly, in this research, I/R models were established
to determine the relationship between Uhrfl and MiRI
vitro and in vivo. Additionally, we investigted the
function of Uhrfl in myocardial I/R and its relationship to
mammalian target of rapamycin (MTOR). Uhrfl regulates
MTOR by adjusting H3K9 methylatiaiti3K9med. The
alleviative effects of the Uhrfl/mTOR/ autophagy axis on
MIRI were also revealed.

RESULTS

Changes in Uhrfl expression in thein vivo MIRI
mouse model

The mice were divided into three groups, which were
subjected to myocardial ischemia for 30 minutes and
then reperfusion for 2, 6, or 12 hours. The expression of
Uhrfl in the infarctedreas(IA) and norinfarcted areas
(NIA) were detected by gRPCR (Figire 1). The
Uhrfl level inthe nonrinfarctedareaswas significantly
lower than the infarcted areas at 2, 6 andd2safter
myocardial ischemigeperfusionin vivo.

Protective effect of Uhrfl in MIRI

The protective effect of Uhrfl on MIRI was investigated
by comparative analysis of overexpression and
knockdown of Uhrfl in anin vitro MIRI model.
To establish stable mlomyocytes that exhibit over
expression and knockdown of Uhrfl, we analyzed the
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Figure 1. Detection of the changes of Uhrfl in myocardial
ischemiareperfusion injury model of micein vivo. The
relative mRNA expressions of Uhrfl in the infarcted aod-
infarcted regions of the mice hearts were detected by R at
2, 6 and 12 h after myocardial ischeméperfusion injury. Data
shown are meart SD. *P<0.05, * P<0.01, *** P<0.001, ****

P <0.0001.N=3 per group.

expression of Uhrfl plasmid transfection and screened the
knockdown efficiency of different siRNAs on Uhrfl. The
sequences for siRNA were in Talde The efficacy of
overexpression and knockdown of Uhrfl was verified by
gRT-PCR (Figire 2A, B) and westerrblot (Figure 2C,

2D). We found the protein level of Uhrfl increased 1.4
fold in the overexpression cells and siRNB2 (Si2)
significantly knocked down the expression of Uhrfl in
cardiomyocytes. In subsequentvitro experiments, Si2
was used to knock dowthe Uhrfl (Si group).

To confirm the effect of Uhrfl in cardiomyocyte
apoptosis, the mRNA and protein levels of B¢l
procaspas8, cleaved caspaseand Bax (Figre 3A)
were determined by qRPCR, western blot (Fige 3B,

3C) and immunocytochemistrynalyses (Figre 3D).
Our results show that overexpression of Uhrfl reduces
cardiomyocyte apoptosis after MIRI, decreases the
expression of the apoptosis factors Bax, - pamd
cleaved caspas& at both the mRNA and protein levels,
and increases the expressiof apoptosis inhibitory
factor Bcl2. Knockdown of Uhrflincardiomyocyte
showed the opposite trend after MIRI.

To explore the regulatory effect of Uhrfl on the cell
cycle and the activity of cardiomyocytes, we measured
the expression of Ki67 (Fige 4Ai 4D), the activity of
cardiomyocytes (Figre 4E), and the beating frequency
of cardiomyocytes in each group (bEig@ 4F). Our
results show that overexpression of Uhrfl in MIRI
increases Ki67 expression at both the mRNA and
protein levels. Knockdown of UMl showed the
opposite trend, suggesting that Uhrfl can increase
cardiomyocytes proliferation after MIRI. Using CCK8
to detect cell viability, we found that cardiomyocytes
overexpression of Uhrfl significantly increased the cell
viability after MIRI, and there was no significant
change in the viability of cardiomyocytes with Uhrfl
knockdown. Moreover, we observed that cardio
myocytes overexpressing Uhrfl had higher beating
frequency than the blank plasmid control after MIRI,
while knockdown of Uhrfl in aaliomyocytes resulted

in lower beating frequency than the blank plasmid
control.

Effect of Uhrfl on the expression of mMTOR during
MIRI

To investigate the regulatory effect of Uhrfl on mTOR
in MIRI, we used gqRIPCR to detect changes in the
MmRNA levels of mTOR after overexpression and
knockdown of Uhrfl (Figre 5A) and confirmed the
results by western blot (Rige 5B, %) and
immunofluoresence (Figre5D) analysis. We observed
that overexpression of Uhrfl increases mMTOR
expression at both the mRNA and protein levels. In
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Tablel. siRNA sequences used in this study.

Product ID Name Target sequences
siG171020083716 si-m-Uhrfl_001 GCAACATCAGGCTCTTGAA
siG160511081008 si-m-Uhrfl_002 CCTTGCAGACCATTCTCAA
siG171020083708 si-m-Uhrfl_003 GATGATTGAGCTCCCTAAA
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Figure 2.Detection of transfection efficiency of overexpression and knockdown Wfirfl plasmid.(A) The relative mRNA
expressions ofJhrfl in Myocardial ischemiaeperfusion modelin vitro with Uhrfl plasmid were determined by giPTCR. NC, negative
control of plasmidransfection Uhrfl, Uhrfl overexpressio(B) The relative mRNA expressiondJiirfl in Myocardial ischemiaeperfusion
modelin vitrowith Uhrf1 siRNA plasmid were determined by §ROR. NC, negative control of RN#E3, siRNA targeting different mRNA
regions. ) Western blot was used to detect the expression level of Uhrfl protein in each group. GAPDH serves as a loading catirol. Mod
in vitro oxidative stress model; NC, negative control of RNAI; si, RNAidowckof Uhrfl; Uhrfl, Uhrfl overexpressiol) (Expression of

Uhrfl protein relative to GAPD#ata from 3 biological repeais shown Data shown are meat SD.*P < 0.05,** P <0.01, *** P <0.001,

*rk P<(0.0001. N=3 per group.

GooP-&APA2Y BT NC I DLb D



A
§ § 157 s .
: i -
& S— g
g a 3
E 3 i
k] s 3
o o
: 4 ;
& 5 &
© £
2 3 2
> O & N &
(,°&‘° N 6\»‘6
B Control Model NC  Si Uhrfl
Bax — —— — — 21 kDa
Bcl-2 — ey — .-- 26 kDa
Procaspase-3 RS e e D —— 28 kDa
Cleaved caspase-3 Rt 19 kDa
GAPDH S S G—S— G— 36 kDa

(@)

i of cl
caspase-3/GAPDH (AU)

p!

Relative protein expression of
Bcl-2/GAPDH (AU)

Relative protein expression of
Bax/GAPDH (AU)
Relative protein expression of
Caspase-3/GAPDH (AU)

23.19% 31.67% 31.85% 65.83% 5.20%
Bax
14.21% 17.10% 9.52% 37.38%
Bcl-2
15.65% 25.00% -52% 6.12%
Caspase-3

Control

Figure 3. The effect of Uhrfl on cardiomyocyte apoptosis during myocardial ischeeparfusion injury.(A) The relative mRNA
expressions of Bax, B2land Caspas@ in myocardial ischemigperfusion modein vitro were determined by qRPCR.E) Westernblot

was used to detect the expression level of Bax2Buhd Caspasg protein in each group. GAPDH serves as a loading co@r&xpression

of Bax, BeR and Caspasg protein relative to GAPDH data from 3 biological repeats is shdyrDétectionof Bax, BeR and Caspasgé

protein expression and semi quantitative analysis by immunofluorescericescopy (x208) { OF £ S o6 NE wmnn =8B 51 {1
*P<0.05, *P<0.01, **P<0.001, ****P <0.0001. N=3 per group. Modeh vitro oxidativestress model; NC, negative control of RNAI; si,

RNAI knockdown of Uhrf1; Uhrfl, Uhrfl overexpression.
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contrast, knockdown of Uhrfl only reduced mTOR  As previously reported, there are four peaks for
expression in the mRNA level, and there was no H3K9me2 expression on the mTOR gej#. Thus,

significant change in therotein levels. changes in the expression of peakd Wwhen over
expressing and knockirdpwn Uhrfl were investigated

Uhrfl regulates mTOR expression through by gRT-PCR (Figure 6A)We found overexmssion of

H3K9me2 Uhrfl inhibits the four expression peaks of H3K9me2

on the mTOR genand kocking downUhrfl promotes
Uhrfl can specifically recognize H3K9me2, which expression ofhesefour peaks.
suppresses the expression of specific genes in target
cells and tissues. Therefore, Uhrfl can regulate the In order to further clarify the regulation of mTOR by

o

expression of specific genes by uéging H3K9me2. H3K9me2, the H3K9me2 methyltrdesase (G9a)
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expressions of Ki67 in Myocardial ischem@perfusion modeln vitrowere determined by gqRPCR.E) Western blot vas used to detect the
expression level of Ki67 protein in each group. GAPDH serves as a loading criEsqdréssion of Ki67 protein relative to GAPDH data from

3 biological repeats is showrD)(Detection of Ki67 protein expression and semi quantieativnalysis by immunofluorescence microscopy

(x200). Scale bam n n >E @he cardiomyocytes viability in knockdown and overexpression Uhrfl groups was detected byFCTOKS. (

beating times per minute of cardiomyocytes in overexpressionkandkdown group. Data shown are measD. P<0.05, *P<0.01, ***P

<0.001, ****P <0.0001. N=3 per group. Modét, vitro oxidative stress model; NC, negative control of RNAI; si, RNAi knockdown of Uhrfi;
Uhrfl, Uhrfl overexpression.
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inhibitor BIX01294 was added to the cardiomyocytes.

The
concentrat.i

inhibitory effects of BIX01294 in various
ons (0.1, 0-

5 ’

myocyte H3K9me2 were evaluated, and the optimal

inhibitory concentration was detained (Figure 6B).
We observed that when the concentratioB€01294
was 1.0 e M, t he
cardiomyocytes was effectively inhibited. Changes

express

in

the mRNA and protein levels of mMTOR were detected

after adding G9anhibitor (BIX01294)at1 . O

e M

the Si group (Figure 6GE). We observed that the

expression of mMTOR is increased in Uhkidockdown
cardiomyocytes after G9ahibitor was added. The

changes in the four expression peaks for H3K9me2 on

MTOR after G9ainhibitor were further evalated

(Figure 6F). After G9anhibitor was added, peak 1 and

peak 2 decreased, while peak 3 and peak 4 did not
change significantly. Thus, these results indicated that

the regulation of MTOR expression by Uhrfl was

mediated by regulating H3K9me2.
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Fold Change of mTOR Expression

29.86% 12.56%

Control Model

Figure 5.Uhrfl promotes the expression of mTOR in MIR) The relative mRNA expressions of mTOR in Myocardial ischemia
reperfusion modeln vitro were determined by qRPCR.E) Western blot was used to detect the expression level of mTOR protein in each
group. GAPDH serves as a loading cont@®|Ekpressiomf mTOR protein relative to GAPDH data from 3 biological repeats is sHown. (

LINEGSAY SELINB&a&AZY

2T Y¢hw
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Effect of Uhrfl on autophagy through mTOR in
MIRI
1.0, and 2.0

e M) on

raton of LEBII/LCB-B # 9Bedir?l expression was
significanty decreased, while the expressiorP62 and

p-mTOR was markedly increased. This indicated that
tUbrfl promotes the expression of mMTOR during MIRI,

thereby inhibits the occurrence of autophagy.
DISCUSSION

According to the world éalth organization and the

United Nations [5], ischemic heart disease, including
acute myocardial infarction, is the major death reason
worldwide. Therefore, finding endogenous strategies to
reduce myocardial apoptosis and promote myocardial
cell activity will offer new insights for the treatment of
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shown are meart SD.* P<0.05,** P<0.01,** P<0.001, *** P<0.0001. N=3 per group. Modeh vitro oxidative stress model; NC,
negative control of RNAI; si, RNAi knockdown of Uhrfl; Uhrfl, Uhrfl overexpression.
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To detect changes in autophagy after MIRI, the
expression of autophagglated proteins was evaluated
(Figure 7A, 7B). After overexpression of Uhrfl, the
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Figure 6. Uhrfl regulates mTOR expressithrough H3K9me2(A) The relative mRNA expressions of PedkiMyocardial ischemia
reperfusion modelin vitro were determined by qRPCR(B) Western blot was used to detect the inhibitory effect of G@hibitor on
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H3K9me?2 in cardiomyocytéy different concentrationg0.1puM, 0.5uM, 1.0uM and 2.0uM). GAPDH and the total histone H3 were used as
loading controls.@ The relative mMRNA expressionsiof OR irmyocardial ischemi@eperfusion modein vitrowere determined by qRPCR
after adding 10 uM G inhibitor to Si group (D) Western blot was used to detect the expression level of mTOR prafteinadding 10 uM
G9ainhibitor to Si group GAPDH serves as a loading contBlEkpression of mTOR protein relative to GAERE from 3 biological regss
isshown (F) The relative mRNA expressions of Pedlkd Myocardial ischemiaeperfusion modeln vitrowere determined by gRPCRifter
adding 10 uM G9ainhibitor to Si group Data shown are meaha SD.*P < 0.05,** P<0.01, *** P<0.001, **** P <0.0001. N=3 per group.
Model, in vitro oxidative stress model; NC, negative control of RNAI; si, RNAi knockdown of Uhrfl; Uhrfl, Uhrfl overexpression.

MIRI and improve overall survival rates. MIRI is a

multiple step process, and epigenetic research provides

a more comprehensive framework for understanding its
pathology and biology[6]. Epigenetics refers to the
inheritance of genetic information that is not based on
DNA sequence but can be passed on to the next
generation through DNA and histone modification and

miRNA-dependent mechanisnjg]. There are a few
kinds of postranslationd modifications containing
acetylation, methylation, phosphorylation, small
ubiquitin-like modification, ubiquitination,
carbonylation, glycosylation, and DNA methylatif$y

9]. Epigenetic modification factors are abnormally
expressed during IAfduced ogan damage and may

Figure 7 The regulation of mMTOR on autophagy in MIR) Western blot was used to detect the expression level of Beclin3, LC
P62, total mTOR and{mMTOR protein. GAPDH serves as a loading corjydtxpression of Beclinl,-BCP62 and mTOR protein relative to
GAPDH data from 3 biological repeats is shown. Data shown are fifenP < 0.05, **P <0.01, *P <0.001, ****P <0.0001. N=3 per
group. Modeljin vitro oxidative stress model; NC, negative control of RNARNAI knockdown of Uhrfl; Uhrfl, Uhrfl overexpression.
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