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Background: Propofol (PPF) ameliorates ischemia/reperfusion (I/R) injury in multiple
organs by reducing apoptosis and release of pro-inflammatory cytokines. This study aims
to explore the mechanism of PPF in attenuating myocardial ischemia-reperfusion injury
(MIRD).

Materials and Methods: Rat MIRI model was established, and PPF pre-treatment was
performed 10 min before I/R. H9¢2 cardiomyocytes treated with hypoxia/reoxygenation (H/
R) were used to establish an in vitro model. Quantitative real-time polymerase chain reaction
(qRT-PCR) was used to evaluate HOTAIR and miR-17-5p expression levels. Flow cytometry
was employed to detect the apoptosis of H9c2 cells. The interaction between HOTAIR and
miR-17-5p was determined by bioinformatics analysis, luciferase reporter gene analysis, and
RNA immunoprecipitation experiments. STAT3 and p-STAT3 expressions were detected by
Western blot.

Results: PPF pre-treatment significantly reduced creatine kinase isoenzyme (CK-MB) and
serum lactate dehydrogenase (LDH) levels in the serum of the rats with MIRI. PPF pre-
treatment remarkably up-regulated HOTAIR expression and down-regulated miR-17-5p
expression in both in vivo and in vitro models. HOTAIR adsorbed miR-17-5p to repress
the expression of miR-17-5p. PPF pre-treatment markedly inhibited cardiomyocyte apoptosis
induced by I/R or H/R. HOTAIR knockdown could partially reverse the protective effects of
PPF on MIRIL. HOTAIR could activate STAT3 signaling via repressing miR-17-5p
expression.

Conclusion: PPF protects the MIRI by modulating the HOTAIR/miR-17-5p/STAT3 axis.
Keywords: PPF, HOTAIR, miR-17-5p

Introduction

Myocardial ischemia-reperfusion injury (MIRI) is a common problem in clinical
practice.' Propofol (2,6-Diisopropylphenol, PPF) is a kind of intravenous anesthetic
widely used in clinical anesthesia and sedation.® Importantly, PPF has a variety of
biological effects on organ protection, including reducing the generation of reactive
oxygen species (ROS), reducing chemotaxis of inflammatory cells, and improving
microcirculation.*”” For example, by activating the PI3K/AKT/mTOR signaling path-
way, PPF can reduce the apoptosis and release of inflammatory cytokines, thereby
inhibiting renal ischemia-reperfusion (I/R) injury;* PPF pre-treatment can decrease the
injury of neurons after cerebral I/R and reduce blood-brain barrier damage and cerebral
edema.” Importantly, it is reported that PPF has certain protective effects on MIRL®
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However, the specific mechanism by which PPF ameliorates
MIRI has not been fully clarified.

A lot of evidence indicates that long non-coding RNAs
(IncRNAs) have important biological functions, including
the regulation of I/R-induced injury.” For example, in cere-
bral I/R injury, IncRNA MALAT1 protects cerebral vascular
endothelial cells from apoptosis by activating PI3K/Akt sig-
naling and reducing the activity of caspase-3.® Hox transcript
antisense intergenic RNA (HOTAIR) is a IncRNA, which has
a regulatory effect on I/R—induced injury. For example, dur-
ing liver I/R injury, HOTAIR overexpression promotes the
autophagy of hepatocytes, thereby exacerbating liver I/R
injury.” Nevertheless, the role of HOTAIR in MIRI and its
regulatory mechanism have not been fully elucidated.

In recent years, microRNAs (miRNAs) are linked to
the pathogenesis of myocardial injury.'®'? Additionally,
miRNAs also have regulatory effects on I/R-induced
miR-146a
improves intestinal epithelial cell survival during I/R by
regulating TLR4/TRAF6/NF-kB signaling;'® inhibiting
miR-125b expression protects the brain from I/R injury
by modulating the CK2a/NADPH signaling pathway.'* It
is reported that miR-17-5p inhibits death receptor 6 (DR6)
expression and attenuates renal I/R injury.'” Nonetheless,
the role of miR-17-5p in MIRI is still undefined.

In this study, we aimed to investigate the mechanism of

injury of multiple organs. For instance,

PPF in ameliorating MIRI. With in vivo and in vitro models,
we demonstrated that during I/R, PPF protected cardiomyo-
cytes by modulating HOTAIR/miR-17-5p/STAT3 axis.

Materials and Methods
The Establishment of Animal Model with
MIRI

In this study, the animal experiments were approved by the
Animal Care and Use Committee of China-Japan Union
Hospital of Jilin  University (Approval number:
20190107C007). All procedures were performed in accor-
dance with the Guidelines of Care and Use of Laboratory
Animals issued by the China Laboratory Animal Care
Association. Sprague-Dawley rats were divided into sham
group, MIRI group, and PPF treatment group (n=3 in each
group). The rats were anesthetized with 10% chloral hydrate
(330 mgkg ") by intraperitoneal injection and fixed in supine
position, and intravenous access was established. After
shearing and disinfecting, the skins and muscles of the neck
were cut and opened. The trachea was exposed, tracheotomy
was performed, and animal ventilator was connected.

Subsequently, the skins and muscles at the left margin of
the sternum were opened. At the 4th and 5th intercostal
space, the chest and pericardium were opened, and then the
left anterior descending coronary artery was ligated to induce
myocardial ischemia for 30 min. Next, the thread was loo-
sened and the myocardium was reperfused for 2 h. Below
were the signs of successful MIRI modeling: local myocar-
dial tissue was pale or cyanotic during ischemia, and myo-
cardial tissue in the ischemic area turned red during
reperfusion. In PPF treatment group, PPF (60 mg/kg) was
injected via intravenous access into each rat 10 min before
the ligation; in MIRI group, equal amount of normal saline
was injected; in sham group, left anterior descending coron-
ary artery was not ligated, and normal saline was injected. To
establish rat model with HOTAIR knockdown, adeno-
associated virus type 9 (AAVY) carrying HOTAIR shRNA
(and control shRNA) was designed and packaged by Hanbio
(Shanghai, China). AAV9 (1x10"" vg/rat) was injected via
caudal vein 1 week before MIRI modeling.

After 3 h of reperfusion, 5 mL of blood sample was
obtained from each rat through abdominal aortic puncture,
and the levels of creatine kinase isoenzyme (CK-MB) and
lactate dehydrogenase (LDH) in the serum were detected
by enzyme-linked immunosorbent assay (ELISA) accord-
ing to the manufacture’s instructions (Solarbio, Beijing,
China). Then the rats were euthanized, and the myocar-

dium was collected for subsequent experiments.

Cell Culture and H/R Treatment

Rat H9c2 cardiomyocytes were purchased from the China
Center for Type Culture Collection (CCTCC, Wuhan,
China). The cells were maintained in Dulbecco’s Modified
Eagle’s Medium (DMEM, Gibco, Grand Island, NY, USA)
containing 10% fetal bovine serum (FBS, Biyuntian,
Shanghai, China) in 5% CO, at 37°C. H9c2 cells were
grouped as follows: (1) Control group: cells were cultured
under normoxic conditions (21% O,, 5% CO,, and 74% N»),
added with equal volume of dimethyl sulfoxide (DMSO),
without PPF treatment; (2) H/R group: cells, added with
equal volume of DMSO were exposed to hypoxia (2 h, 1%
0,, 5% CO,, 94% N,) and then reoxygenated (2 h, 21% O,
5% CO,, and 74% N,). (3) H/R+PPF group: cells with PPF
pre-treatment were treated with H/R. PPF (Aladdin,
Shanghai, China) was dissolved in DMSO and subsequently
applied to treat the cells (working concentration: 50 pM) 1
h before the H/R treatment.
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Cell Transfection

HOTAIR overexpression plasmid (pcDNA3.1-HOTAIR),
siRNAs against HOTAIR (si-HOTAIR), STAT3 over-
expression plasmid (pcDNA3.1-STAT3), and their nega-
GeneChem
(Shanghai, China). H9¢c2 cells were transfected using
Lipofectamine® 3000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacture’s instruction.

tive controls were obtained from the

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNA was extracted using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). The concentration and
purity of RNA were measured by NanoDrop spectrophot-
ometer, and then the RNA was reversely transcribed into
cDNA using reverse transcription kit (Takara, Dalian,
China). Then, 1 pug of ¢cDNA in each group was then
used as the template to amplify the target genes. qRT-
PCR was conducted on ABI 7900 Fast Real-Time PCR
System (Applied Biosystem, Foster City, CA, USA) with
SYBR Green Master Mix kit (Takara, Otsu, Japan). The
relative expressions of HOTAIR and miR-17-5p were cal-

2 —AACT

culated using the method. The primer sequences

are shown in Table 1.

Flow Cytometry

HO9¢2 cells (about 1x10° cells) in each group were col-
lected, rinsed once with PBS, and then resuspended with
500 pL of binding buffer (Beyotime, Shanghai, China).
Subsequently, 5 pL of Annexin V-FITC staining solution
(Beyotime, Shanghai, China) and 10 pL of PI staining
solution (Beyotime, Shanghai, China) were added into
the cell suspension, with which the cells were incubated

Table | Primer Sequences Used for qPCR

Name Primer Sequences

HOTAIR Forward: 5'- GGGTGGCTCACTCTTCTGGC -3’
Reverse: 5'- TGGCCTTGCCCGGGCTTGTC -3’

miR-17-5p Forward:5'- GGGGCAAAGTGCTTACAGTG -3’
Reverse:5'- GTGCGTGTCGTGGAGTCG -3’

ué Forward:5'- GCTTCGGCAGCACATATACTAAAAT -3’
Reverse:5'- CGCTTCACGAATTTGCGTGTCAT -3’

STAT3 Forward: 5'- AGAGGCGGCAGCAGATAGC -3’
Reverse: 5'- TTGTTGGCGGGTCTGAAGTT -3’

GAPDH Forward: 5'- ACCACAGTCCATGCCATCAC -3’
Reverse: 5'- TCCACCACCCTGTTGCTGTA -3’

in the dark for 30 min. Next, the apoptosis of H9¢2 cells
was detected by a flow cytometer (FACScan; BD
Biosciences, San Jose, CA, USA), and at least 1x10*
cells in each group were used for calculating the apoptosis
rate.

Western Blot

With density gradient centrifugation, cytosolic and nuclear
fractions were separated after H9c2 cells from each group
were lysed in RIPA buffer (Beyotime, Shanghai, China).
Subsequently, the mixture was centrifuged for 15 min
(12,000 r/min, 4°C) and the supernatant was collected,
which was considered as the protein sample, before pro-
tein concentration was measured using Bicinchoninic Acid
(BCA) Protein Assay Kit (Boster, Wuhan, China). After
the protein samples were denatured, 20 pg of protein
sample in each group was dissolved by sodium dodecyl
sulfate polyacrylamide gel electrophoresis, and then the
proteins were transferred to polyvinylidene fluoride
(PVDF) membrane (Beyotime, Shanghai, China).
Following that, the PVDF membrane was blocked with
5% skim milk for 2 h and then incubated with anti-histone
H3 (Abcam, ab215728, Cambridge, UK, 1:1000), anti-
GAPDH (Abcam, ab8245, Cambridge, UK, 1:1000), anti-
STAT3 (Proteintech, 10253-2-AP, Wuhan, China, 1:1000)
and anti-p-STAT3 (Abcam, ab76315, Cambridge, UK,
1:500) primary antibodies at 4°C overnight. Next, the
membrane was incubated with the secondary antibody
(Proteintech, 10253-2-AP, Wuhan, China) at room tem-
perature for 2 h. Finally, the protein bands were detected
with the enhanced chemiluminescence method (Beyotime,
Shanghai, China).

Dual-Luciferase Reporter Assay

The sequence of HOTAIR containing miR-17-5p bind-
ing site was amplified by PCR. The amplified product
was then inserted into basic pGL3 vector (Promega,
Madison, WI, USA) to construct a HOTAIR wild-type
(HOTAIR WT) reporter vector. Thereafter, the amplified
product of the HOTAIR mutant sequence was inserted
into pGL3 vector to construct a HOTAIR mutant
(HOTAIR MUT) reporter vector. Next, H9c2 cells
were transfected with the reporter vectors, together
with miR-17-5p mimics or negative control, respec-
tively. After 48 h, the luciferase activity was measured
using dual-luciferase reporter assay system (Promega,
Madison, WI, USA). Firefly luciferase activity was nor-
malized to renilla luciferase activity.
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RNA Immunoprecipitation (RIP)

RIP analysis was performed using the EZMagna RIP kit
(Millipore, Billerica, MA, USA) according to the protocol
provided by the manufacturer. H9¢2 cells transfected with
Ago2 plasmids or control plasmids with 80-90% con-
fluency were collected and lysed in RIP lysis buffer. The
lysate was incubated at 4°C for 6 h with anti-Ago2 or anti-
IgG antibodies conjugated with magnetic beads. Following
that, proteins were removed with proteinase K, and then
the immunoprecipitated RNA was isolated with TRIzol
method. Finally, qRT-PCR was performed to detect
HOTAIR and miR-17-5p expression levels.

Statistical Analysis

All experiments were performed in triplicate. The data
were analyzed using SPSS 19.0 statistical software
(SPSS, Chicago, IL, USA). All experimental data were
expressed as mean * standard deviation (x + s). Student’s
t-test was used for making the comparison between the
two groups, and P<0.05 signified statistical significance.

Results
PPF Ameliorated MIRI and Regulated the
Expressions of HOTAIR and miR-17-5p in

Myocardium

To validate the protective effects of PPF on MIRI, we
divided the rats into 3 groups: the control group, the
MIRI group, and the PPF pre-treatment group. The results
suggested that the levels of CK-MB and LDH in the serum
of the rats in MIRI group were remarkably higher than
those in the control group, suggesting that the establish-
ment of the MIRI model was successful (Figure 1A and
B). Notably, PPF treatment decreased CK-MB and LDH
levels compared with MIRI group, indicating that PPF
ameliorated the injury of heart (Figure 1A and B).
Additionally, both HOTAIR and miR-17-5p play important
regulatory roles in MIRL'®!” In this research, qRT-PCR
was employed to detect the changes of HOTAIR and miR-
17-5p expression levels in myocardial tissue of rats which
received PPF pre-treatment. The results implied that
HOTAIR and p-STAT3 expression in the rats of the
MIRI group, compared with that in control group, was
significantly reduced while miR-17-5p expression was
notably increased (Figure 1C—F). Furthermore, PPF inter-
vention could partially reverse the above-mentioned
changes (Figure 1C—F). These results implied the potential

regulatory functions of PPF on HOTAIR and miR-17-5p
expression during MIRI.

PPF Regulated HOTAIR and miR-17-5p
Expression Levels in H9c2 Cells Exposed
to H/R

Furthermore, in order to further delve into the effects of
PPF on HOTAIR and miR-17-5p expression in cardiomyo-
cytes, H9c2 cells were exposed to H/R. We then performed
qRT-PCR, the results of which showed that H/R signifi-
cantly inhibited HOTAIR expression in H9c2 cells, and
this inhibitory effect could be partially reversed after PPF
pre-treatment (Figure 2A). PPF also reversed the up-
regulation of miR-17-5p expression induced by H/R
(Figure 2B). Moreover, STAT3, as a downstream target
of miR-17-5p, plays a prominent regulatory role in the I/
R-induced injury in multiple organs.'®'® Western blot
results demonstrated that H/R inhibited p-STAT3 expres-
sions in H9¢2 cells, and this inhibitory effect could be
partially reversed by PPF treatment (Figure 2C and D).
Based on the above results, we supposed that PPF played
a protective role in MIRI by regulating HOTAIR, miR-17-
5p and STATS3 signaling.

HOTAIR Targeted miR-17-5p in H9c2
Cells

To further elaborate on the interaction between HOTAIR
and miR-17-5p, bioinformatics analysis was performed
with StarBase (http://starbase.sysu.edu.cn/panCancer.php)
database, and it was demonstrated that HOTAIR contained
a binding sequence for miR-17-5p (Figure 3A). Dual-

luciferase reporter assay confirmed that miR-17-5p
mimics markedly suppressed the luciferase activity of
wild-type HOTAIR reporter, but the luciferase activity of
mutant HOTAIR reporter was not significantly changed
(Figure 3B). Furthermore, RIP experiments manifested
that HOTAIR and miR-17-5p were enriched in Ago2
immunoprecipitation compared to the IgG immunopreci-
pitation, suggesting a direct interaction between them
(Figure 3C). We subsequently discovered that HOTAIR
overexpression in H9c2 cells significantly inhibited miR-
17-5p expression while knockdown of HOTAIR worked
oppositely (Figure 3D). Taken together, these studies sug-
gested that miR-17-5p was a downstream target of
HOTAIR in H9c2 cells.

submit your manuscript

624

Dove

Clinical Interventions in Aging 2021:16


http://starbase.sysu.edu.cn/panCancer.php
http://www.dovepress.com
http://www.dovepress.com

Dove Chen et al
Cc
150 - 4000 1.5+
= < *
= dkk *k —_ Fkk *k *k *%
s | =2 - —
@ < 3000~ e
Z 100~ = 5 1.0-
5 . 5
‘s o 2000- 2
0 © o
(h] > o
gz 90— =z 5 0.5
€ € 1000~ o
= > =
3 Z S
0- 0- 0.0 T
S & K S @& K ¢ & K
%\(\0 @9‘ XQQ %\Qrb ,é\\q‘ xQQ %\(\e N xQQ
& & &
D E F o
g% == < 107 L.
: ¢ oo ph
5 ™ -
%’. |<T: 0.8
& 0
o & il 3
0 c
@ l ()
@ — —| i == -
;(i_ e Histone H3 % 04
{1) |y
- o
o w| STAT3 % i
E q,
© S S| GAPDH B
g . ; % ool
N (14
& @Q‘ QQQ v%&®Q &L & & &
S X ) l po‘(" @ xQ
& & &
N = N\

Figure | The effect of PPF treatment on rats with MIRI and its effect on HOTAIR and miR-17-5p expression. (A) CK-MB in the serum of the rats in each group was
detected with ELISA (N=3). (B) LDH in the serum of the rats in each group was detected with ELISA (N=3). (C) qRT-PCR was used to detect the expression level of
HOTAIR in the heart tissue of the rats (N=3). (D) MiR-17-5p expression in heart tissue of the rats was detected by qRT-PCR. (E and F) Western blot was used to detect by
the expression of p-STAT3 and STAT3 in heart tissue of the rats. ** P<0.0] and *** P<0.001.

Abbreviations: PPF, propofol; MIRI, myocardial ischemia-reperfusion injury; CK-MB, creatine kinase isoenzyme; LDH, lactate dehydrogenase; qRT-PCR, quantitative real-

time polymerase chain reaction.

The Regulatory Function of PPF on
miR-17-5p and STAT3 Was Dependent
on HOTAIR in H9c2 Cells Treated with
H/R

Next, HOTAIR overexpression was transfected into
HO9c2 cells and exposed to H/R. qRT-PCR results

showed that HOTAIR overexpression attenuated the up-
regulation of miR-17-5p expression induced by H/R
(Figure 4A). Western blot verified that HOTAIR over-
expression partially reversed H/R-induced down-
regulation of p-STAT3 expressions (Figure 4B and C).
Next, after the transfection of HOTAIR siRNA, H9c2

cells were pre-treated with PPF and exposed to H/R.
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Figure 2 The effects of PPF on HOTAIR, miR-17-5p, and STAT3 expressions in H9¢2 cells. (A and B) The expression levels of HOTAIR and miR-17-5p in H9¢2 cells were
detected by qRT-PCR (N=3). (C and D) Western blot was used to detect the expressions of STAT3 and p-STAT3 in H9¢2 cells (N=3). * P<0.05, ** P<0.0| and *** P<0.001.
Abbreviations: PPF, propofol; qRT-PCR, quantitative real-time polymerase chain reaction.

The results implied that PPF decreased H/R-induced up-
regulation of miR-17-5p expression, and this effect was
partially attenuated by si-HOTAIR (Figure 4D). In addi-
tion, si-HOTAIR weakened the effects of PPF on

promoting p-STAT3 expression (Figure 4E and F).
These results indicated that HOTAIR was a mediator
for PPF to regulate miR-17-5p expression and STAT3
signaling.
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HOTAIR and STAT3 Were Involved in the

Effects of PPF on H/R-Induced Apoptosis
To investigate the role of HOTAIR/miR-17-5p/STAT3 axis
in H/R-induced apoptosis of cardiomyocytes, flow cyto-
metry was performed. The results suggested that PPF
reduced H/R-induced apoptosis, and this effect could be
partially attenuated by HOTAIR knockdown or STAT3
knockdown (Figure SA-E).

HOTAIR Knockdown Partially Reversed
the Protective Effects of PPF on MIRI

Models in vivo

To further decipher the regulatory effects of HOTAIR in the
cardioprotective effect of PPF, rats were divided into 4
groups: MIRI group, MIRI+PPF group, MIRI+PPF+NC
group, MIRI+PPF+HOTAIR knockdown group (3 rats in

each group). As shown, compared with the MIRI+PPF
group, HOTAIR knockdown mediated by AAV9 increased
the CK-MB and LDH levels (Figure 6A and B). In addition,
HOTAIR knockdown attenuated the inhibition of miR-17-
5p expression and the activation of STAT3 signaling, which
were induced by PPF pre-treatment (Figure 6C—E). These
data further suggested that HOTAIR was a crucial effector
in PPF’s cardioprotective function.

Discussion

MIRI is a common pathological factor, which limits the
therapeutic effect of thrombolytic therapy, coronary artery
bypass grafting, and heart transplantation.”” PPF has many
advantages, such as rapid induction of anesthesia, rapid
recovery, good function recovery, and low incidence of
postoperative nausea and vomiting, so it becomes one of
the most commonly used intravenous anesthetic in clinical
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Figure 4 H/R treatment regulated miR-17-5p and STAT3 expressions via HOTAIR. (A) Empty plasmids and HOTAIR overexpression plasmids were transfected into H9¢c2
cells treated with H/R, respectively, and the expression of miR-17-5p was detected by qRT-PCR (N=3). (B and C) The expressions of STAT3 and p-STAT3 in H9c2 cells were
detected by Western blot (N=3). (D) Control siRNA and HOTAIR siRNA were transfected into H9c2 cells treated with H/R and PPF, and the expression of miR-17-5p was
detected by qRT-PCR (N=3). (E and F) The expressions of STAT3 and p-STAT3 in H9c2 cells were detected by Western blot (N=3). ** P<0.0| and *** P<0.001. ns, P>0.05.

Abbreviations: H/R, hypoxia/reoxygenation; siRNA, small interfering RNA.

practice.”! In addition, PPF has a variety of non-narcotic
effects. For example, PPF reduces sympathetic nerve
activity and angiotensin II-induced calcium influx, and in
turn affects the release of calcium in smooth muscle cells,
reduces circulation disorders, and improves blood supply
to the organs.”” PPF can also ameliorate dysregulation of
ATP, Ca®", Na*, K, and inhibit ROS-mediated lipid per-
oxidation catalyzed by cyclooxygenase, reducing inflam-
mation and organ damage.”> ** Clinical data indicate that
PPF can reduce myocardial lipid peroxidation of the
patients induced by coronary artery bypass grafting.?® In
this research, with in vitro and in vivo data, our results

further confirmed that PPF could reduce the injury of
myocardium/cardiomyocytes, which was consistent with
previous reports.

As mentioned above, the cardioprotective effects of PPF
mainly depend on its regulatory function on circulatory dis-
turbance, generation of ROS, lipid peroxidation, and inflam-
matory responses.” >> 2’ However, the detailed molecular
mechanism is still obscure. In recent years, the role of non-
coding RNA in the pathogenesis of cardiovascular diseases
has attracted a lot of attention.””*® During MIRI, a large
amount of released ROS exceeds the ability of cardiomyo-
cytes to scavenge, and ROS can directly react with DNA and
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Figure 5 The effects of HOTAIR, STAT3, and PPF on H/R-induced apoptosis of H9c2 cells. (A-G) Apoptosis of H9c2 cells was detected by flow cytometry after HOTAIR or

STAT3 was selectively regulated (N=3). ** P<0.01, and *** P<0.001. ns, P>0.05.

proteins and damage cell membrane and ion channels, lead-
ing to cardiomyocytes injury and apoptosis.>’ Interestingly, it
is reported that HOTAIR overexpression can protect H9c2
cells from oxidative stress-induced damage; in this process,
HOTAIR attenuates I/R-induced cardiomyocyte apoptosis by
acting as an inhibitor of reactive oxygen species.'®
Additionally, miR-17-5p also figures prominently in regulat-
ing I/R-induced injury. For example, miR-17-5p expression
is abnormally increased during the maintenance and recovery
stages of renal I/R injury.*®*' In MIRI, miR-17-5p aggra-
vates cardiomyocyte apoptosis through repressing STAT3
expression.'” In this work, we found that HOTAIR expres-
sion in H9¢c2 cells in MIRI models was markedly reduced
while miR-17-5p expression was significantly increased,

with  previous 17,18

which was consistent reports.
Bioinformatics analysis implied a potential binding site
between HOTAIR and miR-17-5p, and dual-luciferase repor-
ter gene experiments, RIP experiments, and qRT-PCR con-
firmed that HOTAIR was able to adsorb miR-17-5p and
repress miR-17-5p cardiomyocytes.
Additionally, the target gene of miR-17-5p, STAT3 was
positively regulated by HOTAIR. STAT3 signaling is

a crucial pro-survival pathway during I/R injury of different

expression  in

organs, and in animal models, the cytokines modulated by
STAT3, such as erythropoietin and granulocyte-colony sti-
mulating factor (G-CSF), ameliorate MIRI.>*~? Collectively,
these data indicated that, in the pathogenesis of MIRI,
HOTAIR exerted its protective role partly via modulating
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Figure 6 The effects of HOTAIR on the protective function of PPF in MIRI rats. (A) CK-MB in the serum of the rats in each group was detected with ELISA (N=3). (B) LDH
in the serum of the rats in each group was detected with ELISA (N=3). (C) The expression level of miR-17-5p in the myocardial tissue of rats was detected by qRT-PCR
(N=3). (D and E) Western blot was used to detect the expressions of STAT3 and p-STAT3 protein in cardiac tissue of the rats (N=3). * P<0.05, ** P<0.0l. ns, P>0.05.

Abbreviations: PPF, propofol; MIRI, myocardial ischemia-reperfusion injury.

miR-17-5p/STAT3 axis, and the dysfunction of miR-17-5p
was partially due to the dysregulation of HOTAIR.

Some previous studies report that PPF can regulate the
expression levels of multiple non-coding RNAs, thereby
playing a protective role in I/R-induced injury.**** For exam-
ple, PPF protects the liver from I/R injury by modulating
MAPK/miR-133a-5p axis;** PPF regulates HMGBImiR-
451/HMGBI axis to attenuate MIRI expression.”” In this
study, we found that the down-regulation of HOTAIR
expression and up-regulation of miR-17-5p expression in
MIRI/HR could be partially attenuated by PPF pre-
treatment. In addition, knocking down HOTAIR could sig-
nificantly reverse the reduction in apoptosis of H9c2 cells
induced by PPF and attenuate the effects of PPF on inhibiting
the release of CK-MB and LDH. These results suggested that

PPF functioned by modulating the HOTAIR/miR-17-5p axis.
Furthermore, it was found that PPF could promote STAT3
activation; compared with the PPF group, knocking down
STAT3 could significantly eliminate the effects of PPF on
ameliorating MIRI. Therefore, it was concluded that PPF
attenuated MIRI by regulating HOTAIR/miR-17-5p/STAT3
axis.

In summary, we provide conclusive evidence that PPF
exerts cardioprotective effects following I/R injury and
protects MIRI by regulating HOTAIR/miR-17-5p/STAT3
axis. Our findings help clarify the molecular mechanism of
MIRI pathogenesis and offer theoretical basis for the clin-
ical application of PPF. Our data support that PPF is an
ideal anesthetic for patients with cardiovascular diseases
who receive surgery.
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