European Review for Medical and Pharmacological Sciences 2020; 24: 12912-12928

Effect and mechanism of miR-135a-5p/CXCL12/
JAK-STAT axis on inflammatory response after

myocardial infarction

X.-Y. GUO, Q--L. LIU, W. LIU, J.-X. CHENG, Z.-J. LI

Department of Cardiology, The First Affiliated Hospital, and College of Clinical Medicine of Henan
University of Science and Technology, Luoyang, Henan Province, P.R. China

Abstract. — OBJECTIVE: To investigate the
regulatory role of miR-135a-5p/CXCL12/JAK-
STAT signaling axis in inflammatory response
after myocardial infarction (MI).

MATERIALS AND METHODS: With the con-
struction of mouse model with Ml by ligation
of left descending coronary artery, modeling
mice were subdivided into sh-NC group, sh-CX-
CL12 group, agomir-NC group, miR-135a-5p ago-
mir group and miR-135a-5p-agomir+pcDNA-CX-
CL12 with intravenous injection of correspond-
ing adenovirus, and no modeling was made for
mice in the sham operation group. Simulation of
MI in vivo was realized by hypoxia model in vi-
tro, with the establishment of groups including
mimic-NC group, miR-135a-5p mimic group, in-
hibitor-NC group, miR-135a-5p inhibitor group,
sh-NC group, sh-CXCL12 group, oe-NC group,
oe-CXCL12 group, mimic NC+oe-NC group, miR-
135a-5p mimic+oe-NC group, and miR-135a-5p
mimic+oe-CXCL12 group. Real-time quantita-
tive polymerase chain reaction (QRT-PCR) was
used to detect the level of miR-135a-5p, CX-
CL12, TNF-a, IL-1B and IL-6, and Western blot
were further performed to detect the mRNA and
protein expression of JAK2/p-JAK2 and STAT3/
p-STAT3, respectively. Hematoxylin-eosin (HE)
staining and terminal deoxynucleotidyl trans-
ferase-mediated dUTP-biotin nick end labeling
(TUNEL) assay were used to evaluate MI in
mice. Dual-Luciferase reporter assay was used
to verify the targeting relationship between miR-
135a-5p and CXCL12. Annexin V-fluorescein iso-
thiocyanate/propidium iodide (V-FITC/PI) double
staining analysis by flow cytometry was used to
detect apoptosis.

RESULTS: After hypoxia of myocardial cell
line H9c2 for 24 h, there were increased ex-
pression of CXCL12, decreased expression of
miR-135a-5p, increased number of apoptotic
cells, as well as upregulated levels of TNF-a,
IL-18 and IL-6 (all p<0.05). Meanwhile, simi-
lar results were found in the myocardial tis-
sues. Dual-Luciferase reporter assay indicat-
ed that miR-135a-5p could target the expres-
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sion of CXCL12. Transfection of miR-135a-5p
mimic or sh-CXCL12 could reduce the number
of apoptotic myocardial cells and inhibit the
level of TNF-a, IL-1B and IL-6 (all p<0.05). Fur-
thermore, miR-135a-5p mimic or sh-CXCL12
could result in the suppressed expression of
p-JAK2 and p-STAT3 (all p<0.05). Compared
with miR-135a-5p mimic +DMSO group, the
expression of JAK2 and STAT3 in miR-135a-
5p mimic +RO8191 group had no significant
change (p>0.05); the expression of p-JAK2
and p-STAT3 was increased (all p<0.05), sug-
gesting that miR-135a-5p negatively regulat-
ed the expression of CXCL12 and inhibited
the activation of JAK-STAT signaling pathway.
In addition, for further verification, experi-
ments carried out in sh-NC group, sh-CXCL12
group, agomir-NC group and miR-135a-5p ag-
omir group found that sh-CXCL12 and miR-
135a-5p agomir resulted in decreased area of
MI decreased, the number of apoptotic cells,
the expression of p-JAK2 and p-STAT3 (all
p<0.05); while compared with miR-135a-5p-ag-
omir group, miR-135a-5p-agomir+pcDNA-CX-
CL12 group showed increased area of MI de-
creased, the number of apoptotic cells, the ex-
pression of p-JAK2 and p-STAT3 (all p<0.05).

CONCLUSIONS: Inhibition of miR-135a-5p/CX-
CL12/JAK-STAT signaling axis can reduce in-
flammatory reaction and apoptosis after Ml, and
hence contribute to the improvement of the de-
gree of myocardial injury.
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Introduction

Myocardial infarction (MI) is a type of myo-
cardial ischemic necrosis caused by rapid de-
crease or interruption of coronary artery blood
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supply, resulting in severe and persistent myo-
cardial ischemia'. It can lead to the persistent
necrosis of the distal myocardium of the infarct
area’. The infarct site is consistent with the cor-
onary artery blood supply area, most of which
occurs in the left ventricle, and the early stage
of post-MI is mainly inflammatory reaction’. It
is found that there is abnormal expression of car-
diac microRNA (miRNA) in patients with MI,
which may become a new marker and therapeu-
tic target of MI*. MiRNA is an endogenous non
coding single stranded RNA, which contains
19-22 nucleotides’. It can degrade or inhibit the
translation of target mRNA through specific
binding with 3'UTR of target mRNA, so as to
regulate gene post transcription®. At present, the
majority of past studies on miRNAs are focused
on tumors, and specific miRNAs can participate
in the growth of tumor cells™®. However, the
research on the role and regulation mechanism
of miRNAs in heart disease is developing. With
the deepening of research, miRNAs are expect-
ed to become a new generation of biomarkers
and auxiliary diagnostic tools for cardiovascu-
lar diseases, and even become a new target for
prevention and treatment of such diseases™'. It
has been reported that miRNA has a regulatory
effect on inflammation, and miR-135a-5p has
been involved in autophagy and inflammation
related research in a CCI model of neuropathic
pain'!. Besides, the related research in the aspect
of inflammation is rare, especially the study of
miR-135a-5p in the regulation of inflammation
after MI has not been carried out.

Chemokine CXCL12, also known as stromal
cell-derived factor-1 or pre-B cell stimulating
factor, belongs to the CXC chemokine family'.
It is a kind of cytokine secreted by leukocytes
and has chemotaxis'. It can induce inflamma-
tory reaction by driving and regulating the ex-
pression of adhesion molecules and (or) direct-
ly chemotaxing and attracting inflammatory
cells through some undetermined pathways!“.
Therefore, it plays an important role in im-
mune defense, anti-infection and inflammatory
reaction'>!'°, Previous studies have showed that
the expression of CXCLI12 in patients with un-
stable angina pectoris and MI is significantly
increased'™'®. In addition, a variety of different
cellular signaling pathways play an important
role in a series of pathophysiological changes
after MI". They are activated by different fac-
tors such as inflammation, and the activation of
related signaling pathways can produce myo-

cardial protection through various downstream
cytokines or further aggravate myocardial in-
jury?®, Therefore, a hypothesis is proposed in
this study whether it is possible to reduce some
cytokines that play a key role in the inflamma-
tory response after MI by regulating certain
signaling pathway. It may provide a reference
for the protection of heart function after MI
and alleviate or avoid heart failure.

Various signaling pathways are involved
significantly in the development processes of
MI, such as cell differentiation and division.
Pathways such as Wnt, PTEN/PI3K/Akt, ERK/
MAPK, etc. are common ones that have import-
ant roles in explaining the underlying mecha-
nisms and exert therapeutic effects in cardiac
repairing, and hence producing cardioprotec-
tive role and MI healing function?*. Among
them, Janus kinase/signal transducer and ac-
tivator of transcription pathway (JAK-STAT)
is a type of intracellular signal transduction
pathway with interferon-like effect, which ac-
tively participates in many physiological and
pathophysiological processes, such as immune
regulation, cell proliferation and differentia-
tion, apoptosis, inflammation, tumorigenesis,
etc.?*?. Activated JAK phosphorylates the spe-
cific tyrosine residues on the receptor, making
it become the binding site of stat and other in-
tracellular signal molecules®. The STAT gath-
ered at this site is phosphorylated and activated
under the action of JAK?. The activated STAT
further separates from the receptor, forms di-
mer and transfers into the nucleus, thus starting
the corresponding target gene transcription?®.
JAK-STAT signaling pathway is an important
pathway of cytokine signal transduction, which
is closely related to a variety of cardiovascu-
lar diseases, such as myocardial hypertrophy,
heart failure, myocardial ischemic precondi-
tioning, acute MI, ischemia/reperfusion injury
after MI, etc.?!,

At present, there is accumulated understand-
ing on the effect of JAK-STAT signaling path-
way and the role of some miRNAs in ischemia/
reperfusion injury, myocardial ischemic precon-
ditioning, hypertensive myocardial hypertrophy
and viral myocarditis. However, the regulation of
miR-135a-5p/CXCL12/JAK-STAT signaling axis
in the inflammatory response and cell apoptosis
after MI is still blank in China and rarely report-
ed abroad. Therefore, it will be a meaningful and
worth studying topic, and our study emphasizes
on clarifying this issue.
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Materials and Methods

Construction and Identification of
Mouse Model of MI

Ninety SPF grade C57BL/6J mice, aged 6-8
weeks, weighing 20-25 g, were selected as the ob-
jects of study. Ten mice were randomly selected
as the normal control group, and the remaining
80 were used to construct the MI model in mice.
All mice were fed in SPF animal laboratory with
humidity of 60%-65% and temperature of 23-
25°C. All mice were given normal diet. Experi-
mental procedures related in this study have been
approved by the Local Animal Ethics Committee
of the First Affiliated Hospital.

After successful intraperitoneal injection of
1% Pentobarbital Sodium (50 mg/kg), the skin
of the front neck and left chest was prepared, the
limbs were fixed, the chest was facing the light
source, the tongue was pulled out moderately,
and the larynx with the movement of opening and
closing was the trachea. At this time, the appro-
priate cannula with needle core was inserted, the
needle core was pulled out, and the mouse was
supine on the operating board. The intubation
was connected to the ventilator. The inspiratory
to expiratory ratio of respiratory parameters was
set at 1:1.5, the respiratory rate was about 130
times/min, and the tidal volume was about 1.0
ml. The tracheal intubation was successful when
the respiratory rate of the mice was consistent
with that of the ventilator. The left chest was
fully exposed (the chest hair was scraped off in
advance), and the skin, muscle tissue and other
tissues in this region were cut in the fourth inter-
costal space of the left chest to expose the heart.
Under the junction of pulmonary artery trunk
and left atrial appendage and about 0.1 cm below
the lower edge of left atrial appendage, the nee-
dle should be inserted through puncture, and it
should not be too deep. About 1 min after ligation
and suture, it was observed that the anterior wall
of left ventricle was pale and the pulsation was
weakened due to ligation ischemia, which proved
that the ligation was successful. After observing
the bleeding situation of the operation field, the
thoracic cavity was closed and sutured layer by
layer, and the gas of thoracic cavity was aspirated
with syringe to form negative pressure. After the
recovery of spontaneous breathing, the tracheal
intubation was removed, the respiratory tract
was cleaned, and the mice were kept warm after
operation. The feeding temperature was 23-25°C.
In the sham operation group, the abdominal cav-
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ity was opened, punctured without ligation and
then closed and sutured. Samples were collected
28 d after operation. After anesthetizing the an-
imals (the method described above), the eyeballs
of mice were removed with curved forceps, and
0.8-1.5 ml blood was collected with anticoagulant
blood collection tube (BD Biosciences, Franklin
Lakes, NJ, USA), and then the thoracic cavity was
opened to separate the mouse heart. Total RNA
was extracted from normal heart tissue and the
heart tissue in the marginal zone of MI or fixed
with 4% paraformaldehyde for HE staining. To
ensure the success rate and reduce the error, the
operation of MI model was completed by trained
personnel.

In addition to the sham operation group, sh-
NC, sh-CXCLI12, agomir-negative control (NC),
miR-135a-5p agomir, agomir-NC+pcDNA, ago-
mir-NC+pcDNA-CXCL12, and miR-135a-5p-ag-
omir+pcDNA-CXCL12 groups were set up in
advance. Each group of adenovirus vector 1x10°
PFU/mouse) was injected into C57BL/6J mice by
tail vein injection.

Culture of Myocardial Cells and
Establishment of Cell Model

Mouse myocardial cell line H9¢c2 cells (Cell
Bank of Chinese Academy of Sciences) were
used as experimental objects. H9¢c2 cell culture
medium was as follows: fetal bovine serum:
high-glucose Dulbecco’s Modification of Eagle’s
Medium (DMEM) and complete culture medium
containing 10% fetal bovine serum (FBS) was
prepared according to the ratio of 1:9. The cells
were cultured at 37°C, 5% CO, and saturated
humidity incubator. All mouse researches in this
study were carried out according to the ethical
standards formulated by the experimental Ani-
mal Ethics Committee of Tongji University.

The primer sequence of cell transfection was
designed and synthesized by Shanghai Borui
Biotechnology Co., Ltd. The recombinant ade-
novirus mediated miR-135a-5p overexpression
vector, CXCLI2 silent expression recombinant
vector and corresponding blank control adeno-
virus were constructed and packaged by OBIO
Biotechnology (Shanghai) Co., Ltd. Cell groups
were described as follows: mimic-NC (transfec-
tion of negative control plasmid of miR-135a-
S5p mimic), miR-135a-5p mimic (transfection of
miR-135a-5p mimic); inhibitor-NC (transfection
of negative control plasmid of miR-135a-5p in-
hibitor), miR-135a-5p inhibitor (transfection
of miR-135a-5p inhibitor); sh-NC (transfection
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of negative control plasmid of sh-CXCL12),
sh-CXCL12 (transfection of sh-CXCLI12 plas-
mid), oe-NC (transfection of negative control
plasmid of oe-CXCL12), oe-CXCL12 (transfec-
tion of 0e-CXCLI12 plasmid); mimic NC+oe-
NC (transfection of mimic NC and oe-NC),
miR-135a-5p mimic+oe-NC (transfection of
miR-135a-5p mimic and oe-NC), miR-135a-5p
mimictoe-CXCL12 (transfection of miR-135a-
5p and oe-CXCL12); in addition, JAK?2 agonist
RO8191 was added for treatment of the myocar-
dial cells after miR-135a-5p mimic treatment,
with the establishment of mimic-NC +DMSO
group, miR-135a-5p mimic group +DMSO and
miR-135a-5p mimic +RO8191 group. In terms of
the transfection steps for plasmid, on the day be-
fore transfection, 5.0x10° cells were inoculated
into each well. Antibiotics should not be added
to the culture medium, and the transfection was
carried out when the cells fused to about 90%.
An amount of 1 pg plasmid was diluted with 100
pl serum-free medium and kept for 10 min at
room temperature. The 3 pl transfection reagent
(Lipofectamine 2000) was diluted to 100 pl with
serum-free medium, and the next step was per-
formed within 20 min after standing for 5 min at
room temperature. The target plasmids prepared
in the first two steps were mixed with the trans-
fection reagent (Lipofectamine 2000), and then
incubated at room temperature for 15 min. The
adherent cells in the 6-well plate were washed
with appropriate serum-free medium to remove
the serum contained in the original medium. No
serum was found in the medium, which made
the cells starved and the transfection efficiency
was improved. A serum-free medium was added
into each 6-well plate, and 200 pl mixture was
added into the 6-well plate well, with each well
marked. The culture plate was gently shaken
with cross-shaking method to mix the medi-
um. The medium was placed in the incubator
with 5% CO, at 37°C for 6-8 h. In addition, a
microplate containing Opti-MEMI serum-free
medium and transfection reagent Lipofectamine
2000 was used as the normal control well. Af-
ter 6-8 h of transfection, it was replaced with 2
ml Roswell Park Memorial Institute-1640 (RP-
MI-1640) medium containing 10% fatal bovine
serum (FBS). After mixing, the cells were kept
in 37°C and 5% CO, incubator for 24-48 h for
the subsequent experiments. In addition, as for
adenovirus transfection, cells at the concentra-
tion of about 5.0x10° was inoculated into the
6-well place and cultured with DMEM culture

medium containing 10% FBS. After that, 1 pl
adenovirus working fluid (1x10®8 PFU/ml) was
collected and added into the culture medium for
further culture. After transfection, cell hypoxia
model was established 72 h after transfection
to simulate MI model, with corresponding cells
in the hypoxia group and control group placed
in corresponding culture condition. Subsequent
studies were continued after 24 h of culture.

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

Total RNA was extracted by TRIzol reagent.
(1) For in vivo experiment in tissues, the normal
cardiac tissue of the sham operation group and
infarct margin tissue of the model group were
collected to 1.5 ml EP tube, and 1 ml TRIzol
was added to preserve at -80°C. After thawing,
200 pl chloroform was added, shaken upside
down, let stand for 3 min, and centrifuged at
4°C for 15 min at 12,000 rpm. The upper water
phase was absorbed into a new centrifuge tube.
After the above steps, 500 ul isopropanol was
added, let stand at room temperature for 10 min,
and centrifuged for 5 min at 4°C at 7,500 rpm.
An amount of 1 ml 75% ethanol was added and
centrifuged at 4°C for 5 min. After air dry for
30 min in in super clean table, the sample was
dissolved in 20 ul DEPC solution, and stored at
-80°C. (2) For in vitro experiment in cells, the
following steps were the same as before after the
collection of myocardial cells after transfection
in each group. Real-time PCR was performed
after RNA concentration and quality detection,
followed by amplification according to the pro-
tocol of SYBR Green Real-time PCR Master
Mix. The primers of miR-135a-5p and internal
reference U6, as well as CXCL12, TNF-a, IL-1p
and IL-6 and internal reference GAPDH (Table
I) were completed by Shanghai Jima Pharma-
ceutical Technology Co.,L.td. Each gene was re-
peated in 3 wells in each tube. The following 10
ul system (SYBR 5 pl, Primer mix 1 ul, cDNA
4 nl) was rotated and centrifuged at low speed,
and then put into the instrument and pre-dena-
tured at 95°C for 10 min; then denatured at 95°C
for 15 s, annealed at 60°C for 60 s, and extended
at 72°C for 25 s, in a total of 40 cycles. The
specificity of PCR reaction was judged accord-
ing to the dissolution curve, and the quantitative
results were calculated according to the CT
value of standard curve and fluorescence curve.
The relative expression level was calculated by
2-AACt method.
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Table I. Primer sequences for qRT-PCR.

Gene names

Primer sequences

miR-135a-5p
CXCLI12
TNF-a
IL-1P

IL-6
GAPDH

ué6

F:5-CCGGCCTATGGCTTTTTATTCC-3’
R:5’-CAGTGCAGGGTCCGAGGT-3’
F:5’-CCGCGCTCTGCCTCAGCGACGGGAA-3’
R:5’>-CTTGTTTAAAGCTTTCTCCAGGTACT-3
F:5-TGAGCACAGAAAGCATGATC-3’
R:5’-CATCTGCTGGTACCACCAGTT-3’
F:5-GACCTGTTCTTTGAGGCTGAC-3’

R:5> TCCATCTTCTTCTTTGGGTATTGTT-3
F:5’-GGCCCTTGCTTTCTCTTCG-3’
R:5’-ATAATAAAGTTTTGATTATGT-3
F:5-AGTGCCAGCCTCGTCTCATA-3’
R:5’-GGTAACCAGGCGTCCGATAC-3’
F:5-GGAACGATACAGAGAAGATTAGC-3’
R:5> TGGAACGCTTCACGAATTTGCG-3’

Note: F: Forward; R: Reverse.

Western Blot

The total protein was extracted by radio im-
munoprecipitation assay (RIPA). The samples in
each group were stored in 1.5 ml Eppendorf (EP)
tube with accurate marking and stored at -80°C.
The protein concentration was determined by
bicinchoninic acid (BCA) kit. In the process of
Western blot protein expression detection, the
specific steps were as follows: the glue was pre-
pared and then injected. After mixing the pre-
pared separation gel, the gel was injected imme-
diately, and the above calculated protein loading
volume was added into the well in turn. In the
step of electrophoresis, the voltage of electro-
phoretic apparatus was adjusted to 80V, about 30
min. After the marker band appeared, the voltage
was adjusted to 120V. Pay attention to stop elec-
trophoresis when the bromophenol blue runs near
the bottom of separation gel. At the end of film
transfer, the NC membrane was taken out to care-
fully remove the glue on the membrane, observe
the band on the membrane and cut the membrane.
The membrane was placed into 5% skimmed
milk powder (5 g skimmed milk powder added
with 100 ml Tris-Buffered Saline and Tween-20
[TBST]), and gently shaken on the shaker for
2 h at room temperature. After that, the dilut-
ed primary antibody was added and incubated
overnight at 4°C; the next day, the NC membrane
was washed with TBST solution for 10 min and
repeated 3 times. In the next step, the fluorescent
labeled secondary antibody was added and incu-
bated in shaking bed at room temperature for 2
h, after which was three times of washing with
TBST (10 min each). GAPDH was used as the
internal reference, and the ratio of gray value of
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target band to internal reference band was used as
the relative expression amount of protein. As for
scanning and exposure, the Odyssey instrument
was used to scan and Image J software system to
analyze the image and calculate the gray value.
Each group was repeated three times.

Hematoxylin-eosin (HE) Staining

The myocardial tissue of each group was fixed
with 4% paraformaldehyde for 1 d, and then par-
affin section was made, with thickness of 5 um.
Harris hematoxylin solution and eosin staining
were used to observe the changes of cardiac tis-
sue. As for the detailed steps, the paraffin section
was roasted at 60°C for 1 h. The next steps were
dewaxing and rehydration, the slices were im-
mersed in xylene I, II and III solution for 15 min
each; followed by rehydration with ethanol gradi-
ent from high to low (100% absolute ethanol I, 11
— 95% ethanol — 85% ethanol — 75% ethanol),
5 min for each, and washing with double distilled
water I, II, 5 min for each. After that, the sections
were stained with hematoxylin for 2 min, washed
with running water for 10 min, differentiated
with 1% hydrochloric acid for 1 s after removed
the unfixed dye, washed with running water for
15 min, and rinsing with phosphate-buffered sa-
line (PBS) I and II for 5 min each. Afterwards, it
was eosin staining for 5 min, PBS I and II rinsing,
5 min each. Dehydration was the next step, which
was performed in the order of 75% ethanol for 5
s — 85% ethanol for 1 min — 95% ethanol for 5
min — 100% ethanol for 5 min — 100% ethanol
Il for 5 min. Then, transparent processing was
conducted by using Xylene I, xylene I and xylene
111, 14 min each, followed by sealing with neutral
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gum. Finally, the section was observed under
ordinary optical microscope (Olympus, Tokyo,
Japan).

Terminal Deoxynucleotidyl
Transferase-mediated dUTP-biotin
Nick End Labeling (TUNEL) Assay

The myocardial tissue of each group was fixed
with 4% paraformaldehyde for 1 d, and then par-
affin section was made, with a thickness of 5 um.
The detailed steps of TUNEL staining were as
follows: The paraffin sections were baked in an
oven at 62°C for 2 h; the slices were taken out and
put into xylene I, IT and III for 15 min each. The
next step was rehydration in turn: 100% absolute
ethanol I, II — 95% ethanol — 85% ethanol —
75% ethanol — 50% ethanol, 5 min for each,
double distilled water 1 and II for 5 min, PBS
for 5 min x3 times. The tissues were incubated
at room temperature for 20 min with 50 pl 20
ug/ml proteinase K working solution. After PBS
washing three times (5 min each) to wash pro-
teinase K, in the experimental group, about 50 pul
TUNEL reaction solution was added, while in the
control group, 50 pl label solution was added and
incubated at 37°C for 60 min. The sections were
kept away from light and moisturized during the
experiment. The number of apoptotic cells was
counted under fluorescence microscope.

Dual-Luciferase Reporter Assay
pGL3-CXCLI12-3’'UTR was constructed by li-
gation with pGL3-Promoter reporter gene vector
digested with Xba I/Hpa 1. H9¢2 cells were in-
oculated into 24 well plate and transfected when
the cell density reached 80%. The constructed
luciferase reporter plasmid CXCL12 (WT, wild
type) or mutant (MUT, mutant type) was co-trans-
fected into H9¢2 cells with miR-135a-5p mimic
or mimic-NC, respectively. They were cultured
in serum-free high-glucose DMEM medium and
antibiotics, mixed well and reacted at room tem-
perature for 5 min. Each well was replaced with
300 pl fresh serum-free antibiotic-free high-glu-
cose DMEM medium, the mixture was added,
evenly mixed and placed in the incubator, cultured
at 37°C and 5% CO,. About 6 h after transfection,
the cells were replaced with normal high-glucose
DMEM medium. After 24 h of culture, Luciferase
activity was determined by Dual-Luciferase re-
porter gene assay kit. Specifically, the cells were
washed with PBS, and 100 pL of cell lysate was
added into each well, and the cell lysate was col-
lected after gently shaking at room temperature for

15 min. The activity of Luciferase was determined
by Flash & Glow LB955 tube luminometer. In the
detection tube, 100 pL LAR II was added, and
then 20 uL cell lysate was added to determine the
Luciferase activity of firefly, and the fluorescence
value was M1. Then, 100 pL Stop&Glo reagent
was added to determine the activity of Renilla Lu-
ciferase, and the fluorescence value was M2. M1/
M2 was defined as the relative activity of Lucifer-
ase measured after transfection.

Annexin V-fluorescein Isothiocyanate/
Propidium lodide (V-FITC/PI] Double
Labeled Flow Cytometry for Detection
of Apoptosis

After the treated cells reached the designated
time, the cells were digested with trypsin. The di-
gestion time should not be too long, and complete
medium was added to terminate the reaction. The
cells were rinsed twice with PBS, and the cells
were counted, centrifuged at 1,500 rpm for 5 min,
and 5x10° cells were collected for subsequent
test. After that, 500 pL suspension was added
to re-suspend cells, and 5 pL Annexin V-FITC
was then added for mixing, followed by mixing
with 10 pL PI, and the reaction was conducted at
room temperature in the dark for 15 min. Within
1 h, the Annexin V-FITC fluorescence signal was
detected by FL1 channel, while PI fluorescence
signal was detected by FL2 or FL3 channel.

Statistical Analysis

All data in this study were processed by SPSS
21.0 statistical software (SPSS, IBM, Armonk,
NY, USA). After normal distribution test and
homogeneity test of variance, the measurement
data with normal distribution and homogeneous
variance were expressed by mean + standard
deviation, and the data of non-paired design were
compared by independent sample #-test. One-
way analysis of variance (ANOVA) was used for
multi-group comparison, and Tukey’s test was
used for post-hoc test. The presence of statistical
significance was determined with p < 0.05.

Results

Downregulated Expression of
MiR-135a-5p in Ml Mouse Model
and Cell Hypoxia Model

It has been reported that miR-135a-5p was down-
regulated in many heart diseases, such as myocar-
dial hypertrophy and pulmonary hypertension. In
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our study, our authors proposed a hypothesis that
miR-135a-5p might be involved in the progression
of MI. Our authors intended to further explore the
molecular mechanism of miR-135a-5p in M1L.
First, the myocardial cell hypoxia model was
to simulate the MI model in vitro. According to

the results, compared with the Control group,
there was significantly downregulated expres-
sion of miR-135a-5p in H9¢2 cells of the Hypox-
ia group (Figure 1A), accompanied by markedly
increased count of cell apoptosis detected by
flow cytometry (Figure 1BC, p<0.05). Further-
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Figure 1. Downregulated expression of miR-135a-5p in MI mouse model and cell hypoxia model. Note: A, Expression of
miR-135a-5p detected by qRT-PCR in myocardial cells before and after hypoxia treatment; B, Cell apoptosis comparison
detected by flow cytometry in myocardial cells before and after hypoxia treatment; C, Cell apoptosis experimental results
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p<0.05. D, Expression of miR-135a-5p detected by qRT-PCR in myocardial tissues before and after MI modeling; E, Apoptosis
detected by TUNEL staining in myocardial tissues before and after MI modeling (magnification: 200X); F, Comparison of
apoptotic positive cells obtained by TUNEL staining in myocardial tissues before and after MI modeling; *compared with the
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more, in animal experiments, the apoptosis level
of myocytes and the expression of miR-135a-5p
were detected after MI. The results showed that
the expression of miR-135a-5p in MI group was
significantly lower than that in sham group (Fig-
ure 1D, p<0.05), and TUNEL showed that the
number of apoptotic cells increased significant-
ly (Figure 1EF, p<0.05). To further explore the
effect of miR-135a-5p on myocardial cells, our
study further overexpressed and knocked down
miR-135a-5p in myocardial cells to evaluate the
effect of miR-135a-5p on cell function under hy-
poxia. Considering the important role of inflam-
matory response in the process of MI, the ex-
pression of TNF-a, IL-1p and IL-6 was detected.
The results showed that the levels of TNF-a, IL-
1B and IL-6 in miR-135a-5p mimic group were
significantly decreased compared with those of
mimic-NC group, with increased expression of
miR-135a-5p in the former group that suggest-
ed successful transfection (Figure 1G, p<0.05),
associated with decreased count of cell apopto-
sis (Figure 1HI, p<0.05). Meanwhile, compared
with inhibitor-NC group, miR-135a-5p inhibitor
group showed significantly upregulated levels
of TNF-a, IL-1p and IL-6 (Figure 1G, p<0.05),
and significantly increased cell apoptosis (Fig-
ure 1HI, p<0.05), with decreased expression of
miR-135a-5p to predict a successful transfection.
Therefore, it was confirmed that under hypoxia
stimulation, the expression of miR-135a-5p was
significantly decreased; up-regulation of miR-
135a-5p could reduce the inflammatory response
after hypoxia treatment.

CXCL12 as a Target Gene of
MiR-135a-5p to Affect Inflammatory
Reaction and Myocardial Cell Apoptosis
To further study the downstream regulation
mechanism of miR-135a-5p, it was predicted that
CXCL12 can target miR-135a-5p through star-
Base online website, and there did exist binding
regions between CXCL12 and miR-135a-5p (Fig-
ure 2A). It has been reported that the expression
of CXCL12 in patients with unstable angina pec-
toris and acute MI is significantly increased. At
the same time, based on the above results, it was
speculated here that miR-135a-5p might regulate
the expression of CXCLI12 and then affect the
function of myocardial cells. To further verify
the targeting relationship between miR-135a-
5p and CXCL12, Dual-Luciferase reporter gene
assay was used in H9c2 cells. Corresponding

results showed that compared with the control
group, the luciferase activity of CXCL12 wild-
type 3’UTR group was significantly decreased
(Figure 2B, p< 0.05), yet without significant
change in the Luciferase activity of CXCLI12
mutant-type 3’UTR group (p> 0.05).

To further verify the effects of CXCLI12 on
inflammatory response and myocardial cell
apoptosis, the expression of CXCLI12 was de-
tected in myocardial tissue of MI mice and
hypoxia model cells. Corresponding results
showed that compared with sham group, MI
group had significantly upregulated expression
of CXCLI12 (Figure 2C, p<0.05); meanwhile,
compared with Control group, the expression of
CXCLI12 increased significantly after hypoxia
(Figure 2D, p<0.05). At the same time, further
detection of apoptosis related factors of Bax
and Bcl-2, as well as inflammatory factors of
TNF-a, IL-1p and IL-6 (Figure 2E) showed that
in hypoxia model, compared with sh-NC group,
the expression of Bax in sh-CXCLI12 group
were decreased, and the expression of Bcl-2 was
increased (p<0.05), while the levels of TNF-q,
IL-1B and IL-6 were decreased (p<0.05). More-
over, flow cytometry showed that sh-CXCL12
group had reduced apoptosis level and inhibited
apoptosis of myocardial cells after hypoxia than
the sh-NC group (p<0.05); while oe-CXCL12
group showed the opposite trends of increased
apoptosis level and increased apoptosis of myo-
cardial cells after hypoxia in relative to oe-NC
group (p<0.05).

To demonstrate that miR-135a-5p plays a role
by regulating CXCLI12, miR-135a-5p and CX-
CLI12 were overexpressed and knocked down
respectively. According to the results, in the
hypoxia model, compared with the mimic-NC
group, the expression of CXCLI12 (Figure 2F,
p<0.05) and the apoptosis of myocardial cells in
miR-135a-5p mimic were significantly decreased
(Figure 2GH, p<0.05); on the contrary, in relative
to inhibitor-NC group, miR-135a-5p inhibitor
group showed markedly increased expression of
CXCLI12 (Figure 2F, p<0.05) and the apoptosis
of myocardial cells (Figure 2GH, p<0.05). In ad-
dition, compared with mimic NC+oe-NC group,
miR-135a-5p mimic+oe-NC group showed de-
creased expression of CXCL12 and miR-135a-5p
mimict+oe-CXCL12 group had no significant
difference in the expression of CXCLI12; while
compared with miR-135a-5p mimic+oe-NC
group, miR-135a-5p mimic+oe-CXCL12 group
had evidently increased expression of CXCLI12
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Figure 2. CXCLI12 as a target gene of miR-135a-5p to affect inflammatory reaction and myocardial cell apoptosis
Note: A, Prediction of the binding sites of miR-135a-5p and CXCL12 by using starBase; B, Verification of the targeting
relationship between miR-135a-5p and CXCL12 by using dual luciferase reporter gene assay; C, Expression of CXCL12
detected by qRT-PCR in myocardial tissues before and after MI modeling; *compared with Shame group, p< 0.05. D,
Expression of CXCLI12 detected by qRT-PCR in myocardial cells before and after hypoxia treatment; *compared with
Control group, p< 0.05. E, Expression of Bax, Bcl-2, TNF-a, IL-1p and IL-6 detected by qRT-PCR in myocardial cells
after cell transfection based on the intervention of CXCL12 expression; F, Expression of CXCL12 detected by qRT-PCR
in myocardial cells after cell transfection based on the intervention of CXCLI12 expression; G, Cell apoptosis comparison
detected by flow cytometry in myocardial cells after cell transfection based on the intervention of CXCL12 expression;
H, Cell apoptosis experimental results detected by flow cytometry in myocardial cells after cell transfection based on the
intervention of CXCLI12 expression; *compared with sh-NC group, p< 0.05; #compared with oe-NC group, p< 0.05. I,
Expression of CXCL12 detected by qRT-PCR in myocardial cells after cell transfection based on the intervention of both
miR-135a-5p and CXCL12 expression; J, Cell apoptosis comparison detected by flow cytometry in myocardial cells after
cell transfection based on the intervention of both miR-135a-5p and CXCL12 expression; K, Cell apoptosis experimental
results detected by flow cytometry in myocardial cells after cell transfection based on the intervention of both miR-135a-
Sp and CXCL12 expression; *compared with mimic NC+oe-NC group, p< 0.05; #compared with miR-135a-5p mimic+oe-
NC group, p< 0.05.

(Figure 2I, p<0.05) and the apoptosis of myo- MiR-135a-5p Regulation of CXCL12
cardial cells (Figure 2JK, p<0.05). Collectively, Expression and Mediation of the
miR-135a-5p was involved in the protection of Activation of AK-STAT Signaling Pathway
myocardial cells by negatively regulating the The above results indicated the interaction
expression of CXCLI12. between miR-135a-5p and CXCLI12. In our
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study, it was further speculated here that the
downstream mechanism of miR-135a-5p reg-
ulating CXCLI12 to mediate apoptosis was re-
lated to the activation of JAK-STAT signaling
pathway.

To further verify this hypothesis, our study
detected the expression of JAK2, STAT3, and
corresponding phosphorylation levels (p-JAK2
and p-STAT3) in myocardial cells of the hypoxia
model. Consequently, it was found that com-
pared with mimic-NC group, miR-135a-5p mimic
group showed decreased expression of p-JAK2
and p-STAT3 (p<0.05); miR-135a-5p inhibitor
group had increased expression of p-JAK2 and
p-STAT3 than the inhibitor-NC group (Figure
3A, p<0.05). Meanwhile, in relative to sh-NC

group, sh-CXCL12 group revealed decreased ex-
pression of p-JAK?2 and p-STAT3 (p<0.05); while
compared with oe-NC group, oe-CXCLI12 had in-
creased expression of p-JAK2 and p-STAT3 (Fig-
ure 3B, p<0.05). In addition, compared with mim-
ic NC+oe-NC group, miR-135a-5p mimic+oe-NC
group had decreased expression of p-JAK2 and
p-STAT3 (p<0.05), while no change was found in
miR-135a-5p mimic+oe-CXCL12 group (p>0.05);
while in relative to miR-135a-5p mimic+oe-NC
group, miR-135a-5p mimic+oe-CXCL12 group
revealed increased expression of p-JAK2 and
p-STAT3 (Figure 3C, P<0.05). Moreover, there
was no significant change in the expression of
JAK?2 and STAT3 in all groups (p>0.05). There-
fore, these results showed that miR-135a-5p neg-
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atively regulated the expression of CXCL12 and
inhibited the activation of JAK-STAT signaling
pathway in vitro.

Furthermore, JAK2 agonist RO8191 was add-
ed for treatment of myocardial cells after miR-
135a-5p mimic treatment. Western blot was used
to detect the expression of JAK2, STAT3, p-jak2
and p-STAT3 in myocardial cells of the hypoxia
model in each group. Compared with mimic-NC
+DMSO group, miR-135a-5p mimic +DMSO
group showed suppressed expression of p-JAK2
and p-STAT3 while there was no difference in
their expression when compared with miR-135a-
5p mimic +RO8191 group; meanwhile, in rela-
tive to miR-135a-5p mimic +DMSO group, miR-
135a-5p mimic +RO8191 group had increased
expression of p-JAK?2 and p-STAT3 (Figure 3D,
p<0.05); with no significant change in the ex-
pression of JAK2 and STAT3 (p>0.05). There-
fore, these aforementioned results observed that
miR-135a-5p negatively regulated the expression
of CXCLI2 and inhibited the activation of JAK-
STAT signaling pathway in MI model.

Inhibition of the MiR-135a-5p/CXCL12/
JAK-STAT Axial to Improve Myocardial
Cell Apoptosis after Ml in Mice

Our study further established a mouse model
of MI to verify the role of miR-135a-5p/CXCL12/
JAK-STAT axis in vivo. Mice were given tail vein
injection and were divided into sh-NC group,
sh-CXCLI12 group, agomir-NC group and miR-
135a-5p agomir group. HE staining showed that
MI area appeared (Figure 4A), compared with sh-
NC group, sh-CXCL12 group showed decreased
MI area (p<0.05); and compared with agomir-NC
group, miR-135a-5p-agomir also showed de-
creased MI area (p<0.05). Further detection of the
expression of miR-135a-5p, CXCL12 and apoptosis
related indexes showed that compared with sh-NC
group and agomir-NC separately, miR-135a-5p-ag-
omir group showed increased expression of miR-
135a-5p, while sh-CXCLI12 group had no change
in miR-135a-5p (Figure 4B, p>0.05), and both
groups had reduced expression of CXCL12 (Figure
4B, p<0.05), downregulated p-JAK?2 and p-STAT3
protein expression (Figure 4BD, p<0.05), yet with
no significant change in the protein expression of
JAK?2 and STAT3 (p>0.05), but with reduced lev-
els of TNF-a, IL-1p and IL-6 (Figure 4C, p<0.05),
decreased Bax expression and increased Bcl-2
expression (Figure 4C, p<0.05).

In addition, for additional verification of the
role of miR-135a-5p/CXCL12/JAK-STAT, miR-
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135a-5p-agomir and pcDNA-CXCLI12 were in-
jected in mice. Compared with agomir-NC+pcD-
NA group, agomir-NC+pcDNA-CXCLI12 group
detected increased MI area (Figure 4E, p<0.05),
no difference in miR-135a-5p expression (Figure
4F, p>0.05) but increase in CXCLI12 expres-
sion (Figure 4F, p<0.05), increased p-JAK2 and
p-STAT3 expression (Figure 4FH, p<0.05), in-
creased TNF-a, IL-1B and IL-6 levels (Figure
4G, p<0.05), as well as upregulated Bax expres-
sion and downregulated Bcl-2 expression (Figure
4G, p<0.05); while there was no difference in
miR-135a-5p-agomir+pcDNA-CXCLI12  group.
The above results confirmed the above cytolog-
ical experiment, that was, under the condition
of M1, inhibiting the miR-135a-5p/CXCL12/JAK-
STAT axis can reduce the inflammatory reaction
and reduce the apoptosis of myocardial cells.

Discussion

The most common cause of MI is coronary
atherosclerosis that may induce vascular block-
age and plaque rupture, which is characterized
by endothelial damage, lipid accumulation and
atherosclerotic plaque formation***. Subsequent
myocardial cell necrosis and apoptosis caused
by excessive inflammation constitute the prima-
ry causes of myocardial cell damage and loss.
Apoptosis mainly occurs in the ischemic region?*.
Myocardial cell apoptosis plays an important role
in the pathophysiological process of cardiac re-
modeling and heart failure after MI**. Reducing
myocardial cell apoptosis has been proven to pos-
sess the capability to improve cardiac function
and cardiac remodeling after MI*%. Therefore, de-
laying inflammatory reaction, reducing apoptosis
and inducing myocardial cell survival are the key
to the treatment of MI*’. In terms of the role of
inflammation, there have been abundant previous
studies in vivo and in vitro***°. Ma et al*® revealed
that a high-sensitivity CRP level can be a key
factor to carry out risk stratification for patients
with acute coronary syndromes®®. Besides, Zhang
et al* carried out an experiment and revealed that
oxidative stress and inflammation in human cor-
onary artery endothelial cells can be attenuated
by silencing PHACTRI to alleviate the nuclear
accumulation of p65 and NF-kB via interaction
with MRTF-A¥. Of course, in addition to in-
flammation, angiogenesis, hypoxia and growth
factors are involved in the development of MI
that deserves emphasis**#. Despite clinical inter-



MiR-135a-5p/CXCL12/JAK-STAT and inflammation after Ml

= sh-NC group
B mm sh-CXCL12 group
mm angomir-NC group

2.0 miR-135a-5p angomir group
#

o

Relative mRNA expression
& 5

0.0
miR-135a-5p CXCL12 JAK2 STAT3

mm agomir-NC+pcDNA group
s agomir-NC+pcDNA-CXCL12 group
F m miR-135a-5p-agomir+pcDNA-CXCL12 group

25

sh-NC group

sh-CXCL12 group
angomir-NC group
miR-135a-5p angomir group

Relative mRNA expression

0.0 .
TNF-a IL-18 IL-6 Bax Bck2

Infarct size (%)

= agomir-NC+pcDNA group
G = agomir-NC+pcDNA-CXCL12 group

mm sh-NC group

m sh-CXCL12 group

m angomir-NC group
miR-135a-5p angomir group

N
=3

=)

Infarct size (%)

mm sh-NC group
m sh-CXCL12 group
D mm angomir-NC group
miR-135a-5p angomir group

o o

Relative protein expression
°
o

JAK2

p-JAK2  STAT3 p-STAT3

mm agomir-NC+pcDNA group
mm agomir-NC+pcDNA-CXCL12 group
B miR-135a-5p-agomir+pcDNA-CXCL12 group

2 N W Ao
o © © o o
*
N

o

mm agomir-NC+pcDNA group
I'C agomir-NC+pcDNA-CXCL12 group

== miR-135a-5p-agomir+pcDNA-CXCL12 group MiR-1352-5p-agomir+poDNA-CXCL12 group

p
=3

2.5

g
o

Relative expression
o o
o
= B
o o

o

o
o

Relative protein expression
>
o
o

Relative protein expression
°

0.0
miR-135a-5p CXCL12

JAK2

STAT3

TNF-a  IL-1B

IL-6 Bax Bel-2

JAK2

p-JAK2  STAT3 p-STAT3
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vention such as thrombolysis and other methods
for the treatment of M1, its mortality is still high
with the presence of long-term complications. It
is urgent to find a new therapeutic approach to
relieve the current situation. Recent discovery
and investigation of the new class of regulatory
factors, miRNAs for example, play a regulatory
role in different biological processes, including
apoptosis, fibrosis, inflammation, angiogenesis
and repair**®.

Specifically, miRNA research has rapidly de-
veloped into a mature and extensive field. In fact,
most of the genome (about 60%) is regulated by
miRNAs. The regulation level of some miRNAs
after MI may help to reduce cell apoptosis, in-
hibit tissue damage, promote neovascularization,
control the degree of ventricular wall fibrosis,
thus improving the long-term prognosis*. Of
note, miR-135 plays an important role in many
kinds of tumors and malignant diseases®. There
are four kinds of mature human miR-135 family,
including miR-135a-5p. By targeting and silenc-
ing the target genes, miR-135 can provide a more
detailed basis for clinical treatment of replication
patients by targeting the effects of target genes
on cell proliferation, invasion, migration, apop-
tosis, angiogenesis, chemotherapy resistance and
evaluation of patients’ prognosis***’. However,
the complex regulatory network between miR-
NA and mRNA also poses new challenges for
the progress of cancer research. How to quickly
and efficiently screen the most closely related
factors with the occurrence and development of
diseases is a key problem to be addressed urgent-
ly. In general, miRNAs play biological effects
by regulating the expression of one or a group
of target genes. Therefore, we predicted in this
study the target genes of miR-135a-5p by biolog-
ical techniques. CXCLI12 gene has attracted our
attention for the following reasons. First of all,
our team predicted that CXCL12 mRNA3’UTR
has a potential binding site complementary to
miR-135a-5p sequence, which can complement
miR-135a-5p, suggesting that CXCL12 is a nat-
ural target gene of miR-135a-5p. Secondly, CX-
CL12 is a pleiotropic chemokine, which is widely
expressed in many tissues, such as bone marrow
stem cells, endothelial cells, heart, skeletal mus-
cle, liver, brain tissue, kidney parenchyma cells
and osteoblasts*®. Previous evidence has support-
ed that CXCLI2 also functions significantly in
the repair of myocardial cells, angiogenesis and
the recovery of left ventricular function after
MI** In addition, the abnormal expression and
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function of other members of CXC chemokine
family have been documented to exert a critical
role in the occurrence and development of cardio-
vascular diseases> . At the same time, CXCLI2
was predicted as a related factor of JAK-STAT
signaling pathway by biological website in our
pre-experiment stage. It is worth noting that
JAK-STAT signaling pathway is one of the most
widely studied signaling pathways. As mentioned
above, JAK-STAT signaling pathway is found to
be involved significantly in the development of
human diseases. It is an important pathway of
cytokine signaling. It is responsible for the direct
transmission of the stimulatory signals on the cell
membrane to the nucleus, and then activate the
target gene transcription to regulate cell stress
response, apoptosis, inflammatory response and
other biological effects®**. Hence, the present
study was carried out to explore the regulatory
role of miR-135a-5p/CXCL12/JAK-STAT signal-
ing axis in ML

In this study, a mouse model of MI was es-
tablished. HE staining was used to indicate the
success of the animal experiment. TUNEL test
showed the existence of apoptosis in ischemic
region. In order to make the results more con-
vincing, we also established H9c2 myocardial
cell hypoxia model. The results are as follows.
There was markedly downregulated expression
of miR-135a-5p in both animal MI and cell hy-
poxia models, with significantly increased apop-
tosis levels. Meanwhile, considering the import-
ant role of inflammatory response in the process
of MI, the expression of TNF-a, IL-1p and IL-6
was detected, all of which were essential inflam-
matory indexes. It was found that TNF-a, IL-1B
and IL-6 can be decreased by miR-135a-5p mimic
treatment, but increased by miR-135a-5p inhibitor
treatment, suggesting that up-regulation of miR-
135a-5p could reduce the inflammatory response
after hypoxia treatment. Furthermore, with the
identification of the targeting relationship be-
tween miR-135a-5p and CXCL12, the expression
of CXCL12 was detected in myocardial tissue of
MI mice and hypoxia model cells to further verify
the effects of CXCL12 on inflammatory response
and myocardial cell apoptosis. It was discovered
that silenced expression of CXCLI12 could de-
crease the expression of TNF-a, IL-1p IL-6 and
Bax, while increase Bcl-2 expression, with an op-
posite trend found after overexpressing CXCL12.
To demonstrate that miR-135a-5p plays a role by
regulating CXCL12, our subsequent experiment
was continued with the discovery of reduced CX-
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CLI12 research and apoptosis after overexpressing
miR-135a-5p, but higher CXCLI12 expression and
apoptosis after inhibiting miR-135a-5p. More im-
portantly, overexpression of CXCLI2 reversed
the beneficial role of miR-135a-5p in the apoptosis
of myocardial cells. It can hence be speculated
preliminarily that miR-135a-5p has a role in the
protection of myocardial cells by negatively reg-
ulating CXCLI12 expression.

Furthermore, our study found that miR-135a-
5p regulating CXCL12 to mediate apoptosis was
related to the activation of JAK-STAT signaling
pathway, which was proven by the detection of
suppressed phosphorylated levels of JAK and
STAT. It may suggest that the mechanism of
miR-135a-5p regulating CXCL12 may be associ-
ated with the regulation of the phosphorylation
of JAK and STAT. Besides, a reverse research in
hypoxia model indicated that activation of JAK-
STAT signaling pathway resulted in the counter-
action of the positive role of miR-135a-5p over-
expression and silenced CXCLI12 expression.
Therefore, it could be confirmed with a cautious
manner that miR-135a-5p negatively regulated
the expression of CXCLI2 and inhibited the
activation of JAK-STAT signaling pathway to
exert a positive protective role in MI model.
Simultaneously, for an in-depth and compre-
hensive identification, our subsequent exper-
iment related to animal MI model indicated
that overexpression of miR-135a-5p and silenced
CXCLI12 expression contributed to the reduced
MI area and inhibited activation of JAK-STAT
signaling pathway, as well as suppressed levels
of inflammatory indexes and intervened levels
of apoptotic indexes. Meanwhile, a reverse re-
search in animal MI model revealed that over-
expression of CXCL12 using pcDNA-CXCL12
treatment after overexpression of miR-135a-5p
using miR-135a-5p-agomir led to increased MI
area, activated JAK-STAT signaling pathway,
increased TNF-a, IL-1B and IL-6 levels, upreg-
ulated Bax expression and downregulated Bcl-2
expression.

Conclusions

Collectively, our study for the first time con-
firms that the miR-135a-5p/CXCL12/JAK-STAT
signaling axis can reduce inflammatory reaction
and reduce the apoptosis of myocardial cells form
the aspects of hypoxia treatment and animal MI
model construction, which may be related to

the mechanism that miR-135a-5p overexpression
inhibits the expression of CXCLI12 to alleviate
inflammatory reaction and suppress cell apop-
tosis via the inhibited activation of JAK-STAT
signaling pathway to suppress the phosphoryla-
tion of JAK and STAT. Innovatively, our research
constructed two experimental models of in vitro
myocardial cell hypoxia model and in vivo mouse
MI model to explain the interaction of miR-135a-
5p and its downstream target gene of CXCL12/
signaling pathway of JAK-STAT involved in pro-
tecting the progression of MI. Besides, on the ba-
sis of adenovirus vector and plasmid transfection,
our study established a complex grouping design
to verify the role of miR-135a and CXCL12 over-
expression and silenced expression as well as the
activation of JAK-STAT comprehensively. This
study provides an abundant and scientific evi-
dence to understand the mechanism of MI, and
may provide new insight in searching for poten-
tial therapeutic approaches for the treatment of
cardiovascular diseases.
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