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Macrophages induce the expression of lncRNA
ATB via the secretion of TGF‑β to relieve
ischemia‑reperfusion injury in cardiomyocytes
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Abstract. Cardiac ischemia‑reperfusion can cause severe
damage to cardiomyocytes. Previous studies have revealed
that TGF‑ β can alleviate ischemia‑reperfusion injury
in cardiomyocytes by inducing the expression of long
non‑coding RNA (lncRNA) activated by TGF‑ β (ATB).
However, M2 macrophages can secrete a large amount of
TGF‑ β. However, whether M2 macrophages alleviate the
ischemia‑reperfusion‑induced injury of cardiomyocytes by
secreting TGF‑β is unclear. In the present study, macrophages
and cardiomyocytes were cultured under oxygen‑glucose
deprivation/reoxygenation (OGD/R) conditions to simu‑
late ischemia‑reperfusion injury. M2‑type macrophage
markers (IL‑10, Arginase‑1 and IL‑13) were validated using
reverse transcription‑quantitative PCR and western blotting.
Subsequently, the culture medium of M2‑type macrophages
was collected for the treatment of cardiomyocytes, which were
cultured under OGD/R conditions. The levels of inflamma‑
tory factors and oxidase enzymes were detected with ELISA.
The apoptotic rates of cardiomyocytes were detected by flow
cytometry. The expression of cell apoptosis‑related proteins
and the phosphorylation levels of NF‑κ B were analyzed by
western blotting. The expression levels of specific inflamma‑
tory cytokines and the levels of malondialdehyde and lactate
dehydrogenase were suppressed in cardiomyocytes following
treatment with culture medium derived from M2‑type
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macrophages, which were cultured under OGD/R conditions.
Furthermore, OGD/R‑induced apoptosis of cardiomyocytes
was also relieved following treatment of the cells with macro‑
phage medium. It was found that M2‑type macrophages
could secrete TGF‑β and that the culture medium of M2‑type
macrophages could activate the expression of lncRNA ATB in
cardiomyocytes. TGF‑β secreted by M2 macrophages relieved
the inflammatory response, oxidative stress and apoptosis of
cardiomyocytes by inducing the expression of lncRNA ATB.
Introduction
Internal heart ischemia is the main cause of death in most
patients with heart‑associated diseases (1). The restoration
of the blood flow inside the heart is a therapeutic strategy
used to relieve myocardial infarction caused by ischemia (2).
However, certain studies suggested that ischemia‑reperfusion
could induce additional damage to cardiomyocytes (2,3). In
addition, it was shown that ischemia‑reperfusion can lead to
functional damage to the heart and aggravate the structure
of the heart muscle following a period of time (4). These
injuries eventually lead to the injury of heart function and
the development of severe arrhythmias (5‑8). These studies
have indicated that the ischemia‑reperfusion process induces
severe injury in the myocardium. Furthermore, TGF‑β plays
a crucial role in ventricular remodeling, cell apoptosis and
the inflammatory response (9). A study revealed that TGF‑β
can improve myocardial function and inhibit hypoxia‑induced
apoptosis of cardiomyocytes by alleviating endoplasmic
reticulum stress (10).
Macrophages are a type of monocyte phagocytic cells that
are present in the body. Macrophages are composed of cells
(blood monocytes and tissue macrophages) which originate
from the bone marrow (11). Monocytes in the blood are
eventually transferred to different tissues and transformed
into macrophages. Furthermore, macrophages also play a
crucial role in the occurrence, development and reduction
of inflammation (12). Macrophages mainly exert roles in
antigen presentation, immune regulation and phagocytosis
by inducing the production of various cytokines and growth
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factors, which in turn affects the occurrence and develop‑
ment of the inflammatory response (13,14). In addition to
these functions, macrophages are activated and polarized
into different cell types (M1 and M2) within the tissue
microenvironment (15). Macrophages are polarized to the
M1‑type in the early stages of the inflammatory response to
secrete inflammatory cytokines and associated molecules,
such as TNF‑ α, IL‑1, IL‑6, reactive oxygen species (ROS)
and inducible nitric oxide synthase (iNOS). During the late
stages of inflammation, macrophages are polarized into M2
macrophages and exert anti‑inflammatory, repair and fibrotic
effects through the release of cytokines, such as IL‑10, IL‑12,
TGF‑β and Arginase‑1 (16,17). A previous study revealed that
long non‑coding RNA (lncRNA) activated by TGF‑β (ATB)
is a signaling mediator of and can be activated by TGF‑β (18).
TGF‑β suppresses the MyD88/NF‑κ B pathway by activating
the expression of lncRNA ATB to relieve the inflamma‑
tory response of joint chondrocytes (19). However, whether
macrophage cell (M2‑type)‑secreted TGF‑β can relieve the
ischemia‑reperfusion injury of myocardial cells by enhancing
the expression of lncRNA ATB remains unclear.
Therefore, in the present study, the polarization
of macrophages was performed to generate M2‑type
macrophages. Subsequently, the medium of M2‑type macro‑
phages was used to treat cardiomyocytes, which were cultured
under oxygen‑glucose deprivation/reoxygenation (OGD/R)
conditions. The degree of inflammatory injury, oxidative
stress and apoptosis of these cardiomyocytes was detected.
The effects of the M2‑type macrophage secreted‑TGF‑β were
evaluated on ischemia‑reperfusion injury of cardiomyocytes
based on the results of these assays.
Materials and methods
Cell culture and treatment. Cardiomyocytes (H9c2) and
macrophage cells (RAW 264.7) were obtained from American
Type Culture Collection. Cells were cultured in RPMI‑1640
medium (Hyclone; Cytiva) supplemented with 10% fetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and 1%
penicillin‑streptomycin. The cells were cultured in a 37˚C
humidified atmosphere with 5% CO2 and glucose‑free balanced
salt solution in the presence of 95% N2 for 6 h to mimic hypoxia
and hypoglycemic conditions. Subsequently, these cells were
cultured in RPMI‑1640 medium in 95% air and 5% CO2 at 37˚C
for 12, 24 and 48 h. This process was performed to simulate isch‑
emia‑reperfusion in vitro (20). LY364947 (Selleck Chemicals) is
a receptor kinase I inhibitor that was added into the medium to
inhibit TGF‑β function. lncRNA ATB overexpression plasmid
(Oe‑ATB) and its negative control (Oe‑NC) were synthesized
by Shanghai GeneChem Co., Ltd. and transfected into H9c2
cells using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
ELISA. A TGF‑β ELISA kit (Bendermed System Diagnostics;
eBioscience; Thermo Fisher Scientific, Inc.; cat. no. BMS249/4)
was used to determine the secretion of TGF‑β from macrophage
cells according to the manufacturer's instructions.
Reverse transcription‑quantitative PCR (RT‑qPCR). Total RNA
was extracted from cells with TRIzol® reagent (Invitrogen;

Thermo Fisher Scientific, Inc.). Subsequently, a cDNA reverse
transcription kit (Invitrogen; Thermo Fisher Scientific, Inc.;
cat. no. 4368814) was used to reverse transcribe mRNA into
cDNA according to the manufacturer's instructions. SYBR
Green (Thermo Fisher Scientific, Inc.) was used for the detection
of the expression of the target genes on an ViiA™ 7 Real‑Time
PCR System (Applied Biosystems™; Thermo Fisher Scientific,
Inc.). PCR conditions used were as follows: 95˚C denaturation
step for 30 sec and 55˚C annealing for 1 min and 72˚C for
2 min, carried out for 26 cycles. The relative expression of the
target genes was analyzed with the 2‑∆∆Cq method (21). Primer
sequences are listed in Table I. GAPDH was used as a reference
gene for normalization of quantitative PCR data.
Western blotting. RIPA buffer (Beyotime Institute of
Biotechnology) was used to extract total proteins from H9c2
cells. Subsequently, protein concentration was determined with
the BCA method (Beyotime Institute of Biotechnology). A total
of 20 µg protein was loaded per lane. Proteins were separated
with 10% SDS‑PAGE (Beyotime Institute of Biotechnology)
and transferred to PVDF membranes (EMD Millipore). The
membranes were blocked with 5% skimmed milk powder solution
at room temperature for 1 h and incubated with the following
primary antibodies: TGF‑β (cat. no. 3711S; Cell Signaling
Technology, Inc.), phosphorylated (p)‑Iκ Bα (cat. no. 2859;
Cell Signaling Technology, Inc.), Iκ Bα (cat. no. 4814; Cell
Signaling Technology, Inc.), p‑NF‑κ B (cat. no. 3033S; Cell
Signaling Technology, Inc.), NF‑κ B (cat. no. 8242S; Cell
Signaling Technology, Inc.), NADPH oxidase (Nox)‑2 (cat.
no. ab80508; Abcam), Nox‑4 (cat. no. ab109225; Abcam), Bcl‑2
(cat. no. ab32124; Abcam), Bax (cat. no. ab32503; Abcam),
cleaved caspase‑3 (cat. no. ab49822; Abcam), caspase‑3
(cat. no. ab44976; Abcam), IL‑1β (cat. no. ab216995; Abcam),
IL‑6 (cat. no. ab6672; Abcam), IL‑10 (cat. no. ab133575; Abcam),
Arg‑1 (cat. no. ab269541; Abcam), IL‑13 (cat. no. ab260044;
Abcam) and GAPDH (cat. no. ab8245; Abcam). The following
day, membranes were washed three times with cold PBS‑0.1%
Tween‑20 and incubated with HRP‑conjugated secondary
antibodies (1:10,000; cat. no. ab205718; Abcam) for 2 h at
room temperature. Protein bands were finally developed using
enhanced chemiluminescence reagent (EMD Millipore).
Densitometry was quantified with NIH ImageJ 1.50 software
(National Institutes of Health).
Apoptosis assay. Single‑cell suspensions were prepared
using trypsin (Beyotime Institute of Biotechnology) and
washed three times with cold PBS to remove residual serum.
Subsequently, these cells were incubated with Annexin V and
PI in the dark and washed with PBS three times again. The
apoptotic rates of these cells were detected by MACSQuant X
flow cytometer (Miltenyi Biotec, Inc.). Flow cytometry data
were analyzed with FlowJo V10 (FlowJo LLC).
Detection of malondialdehyde (MDA), superoxide dismutase
(SOD) and lactate dehydrogenase (LDH). The production of
MDA (cat. no. S0131S; Beyotime Institute of Biotechnology),
SOD (cat. no. S0086; Beyotime Institute of Biotechnology) and
LDH (cat. no. C0016; Beyotime Institute of Biotechnology) in
cardiomyocytes was measured with commercial kits according
to the manufacturer's instructions.
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Table I. Primer sequences.
Gene

Primer sequences

Mouse
TNF‑α

F: 5'‑CTCCAGGCGGTGCCTATG‑3'
R: 5'‑GGGCCATAGAACTGATGAGAGG‑3'

Mouse
IL‑1β

F: 5'‑GCACACCCACCCTGCA‑3'
R: 5'‑ACCGCTTTTCCATCTTCTTCTT‑3'

Mouse
Arg‑1

F: 5'‑TCCACACGTCCAGAACAGTC‑3'
R: 5'‑CCTTGGAAACAGAGACAGGC‑3'

Mouse
iNOS

Mouse
IL‑6

Mouse
IL‑10
Mouse
IL‑13

Mouse
GAPDH
Rat
TNF‑α
Rat
IL‑1β
Rat
IL‑6

Rat
HMGB1

Rat lncRNA
ATB
Rat
GAPDH

F: 5'‑TTTGCTTCCATGCTAATGCGAAAG‑3'
R: 5'‑GСТСТGТТGAGGТСТAAAGGСТCCG‑3'

F: 5'‑TCCAGAAACCGCTATGAAGTTC‑3'
R: 5'‑CACCAGCATCAGTCCCAAGA‑3'

F: 5'‑CAACATACTGCTAACCGACTCCT‑3'
R: 5'‑TGAGGGТСТТСАGСТТСТСAС‑3'
F: 5'‑GССАGСССАСАGТТСТАСАGС‑3'
R: 5'‑GAGATGTTGСTСAGСТССТСA‑3'

F: 5'‑AGGTCGGTGTGAACGGATTTG‑3'
R: 5'‑TGTAGACCATGTAGTTGAGGTCA‑3'

F: 5'‑CCAACAAGGAGGAGAAGTTCC‑3'
R: 5'‑CTCTGCTTGGTGGTTTGCTAC‑3'
F: 5'‑GGAACCCGT GTCTTCCTAAAG‑3'
R: 5'‑CTGACTTGGCAGAGGACAAAG‑3'
F: 5'‑TTGCCTTCTTGGGACTG‑3'
R: 5'‑CTGGCTTTGTCTTTCTTGTTA‑3'

F: 5'‑TGCTGCATATCGAGCTAAAGG‑3'
R: 5'‑CCATACTGTACCAGGCAAGGT‑3'
F: 5'‑ACAAGCTGTGCAGTCTCAGG‑3'
R: 5'‑CTAGGCCCAAAGACAATGGA‑3'
F: 5'‑ACCACAGTCCATGCCATCAC‑3'
R: 5'‑TCCACCACCCTGTTGCTGTA‑3'

iNOS, inducible nitric oxide synthase; lncRNA ATB, long non‑coding RNA acti‑
vated by TGF‑β; HMGB1, high mobility group protein B1; Arg‑1, Arginase‑1.

Statistical analysis. Data in the present study were analyzed
with GraphPad Prism 6.0 (GraphPad Software, Inc.). The data
are presented as the mean ± SD. Student's t‑test or one‑way
ANOVA followed by Tukey‑Kramer tests were performed
to compare the data in two or multiple groups, respectively.
All experiments were independently repeated three times.
P<0.05 was considered to indicate a statistically significant
difference.
Results
Polarization of macrophages under OGD/R conditions. To
determine the polarization of macrophages, RAW 246.7 cells
were cultured under hypoxic conditions and subsequently
placed under normal oxygen conditions for different time
periods (12, 24 and 48 h). The levels of the M1‑type macrophage
markers (TNF‑α, iNOS, IL‑1β and IL‑6) were measured with
RT‑qPCR. The results indicated that the expression levels of
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TNF‑α, iNOS, IL‑1β and IL‑6 gradually increased following
reoxygenation (12 and 24 h) (Fig. 1A). However, the expres‑
sion levels of these markers were significantly downregulated
following 48 h of reoxygenation. The expression levels of
the M2‑type macrophage markers (IL‑10, IL‑13 and Arg‑1)
were determined with RT‑qPCR and western blotting. The
expression levels of IL‑10, IL‑13 and Arg‑1 were increased
following reoxygenation of macrophages (Fig. 1B and C).
The maximum increase of the expression of these markers
occurred at 48 h following reoxygenation. Therefore, the data
suggested that the macrophages exhibited the characteristics
of M2‑type macrophages following 48 h of reoxygenation.
These macrophages were selected in subsequent experiments
as the main research cell type. TGF‑β is a crucial cytokine
secreted by M2‑type macrophages (22). Furthermore, a
study revealed that higher levels of TGF‑ β could relieve
myocardial injury, which was induced following ischemia
reperfusion (10). Therefore, the protein levels of TGF‑ β in
these macrophages were measured. The results indicated that
TGF‑β levels were significantly enhanced following 48 h of
reoxygenation compared with controls (Fig. 1D). In addition,
TGF‑β levels in the cell medium of the macrophage culture
were also significantly elevated compared with controls
(Fig. 1E).
Inflammatory damage of cardiomyocytes is relieved by
M2‑type macrophage culture medium. H9c2 cells were
cultured under OGD/R conditions. Subsequently, the medium
of the macrophages cultured under normal or OGD/R condi‑
tions (48 h reoxygenation) was used to treat H9c2 cells.
RT‑qPCR was performed to detect the levels of the inflam‑
matory factors [TNF‑α, IL‑1β, IL‑6 and high mobility group
protein B1 (HMGB1)] of H9c2 cells which were cultured with
the medium of the macrophages. The results indicated that
the levels of these inflammatory factors were significantly
increased when the H9c2 cells were cultured under OGD/R
conditions (Fig. 2A). However, the mRNA expression levels of
TNF‑α, IL‑1β, IL‑6 and HMGB1 were significantly inhibited
following treatment with the culture medium of macrophages
that were previously incubated under OGD/R conditions.
Western blotting was performed to detect the levels of inflam‑
mation‑associated proteins (p‑NF‑κ B and p‑Iκ Bα) in H9c2
cells. Compared with the Control group, the levels of p‑NF‑κ B
and p‑Iκ Bα were significantly increased in OGD/R group,
whereas the levels of p‑NF‑κ B and p‑Iκ Bα in OGD/R+CM
of macrophage group were significantly inhibited following
treatment of the cells with the culture medium of the M2‑type
macrophages (Fig. 2B).
M2‑type macrophage culture medium alleviates oxidative
stress injury in cardiomyocytes. Oxidative stress injury is
another type of damage which is induced following isch‑
emia and reperfusion (23,24). The production of oxidative
stress‑associated enzymes was examined in the present
study. The results indicated that the culture medium of the
macrophages, which were incubated under OGD/R condi‑
tions, could reduce the increase SOD levels induced by
OGD/R (Fig. 3B). OGD/R‑induced MDA and LDH levels
were also reduced in cells incubated with the culture medium
of the macrophages grown under OGD/R conditions (Fig. 3A
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Figure 1. Polarization of macrophages under OGD/R conditions. (A) The expression of TNF‑ α, IL‑1β, IL‑6, iNOS in macrophages were detected using
RT‑qPCR. The expression of M2‑type macrophages (IL‑10, Arg‑1 and IL‑13) were detected using (B) RT‑qPCR and (C) western blotting. (D) The expression
of TGF‑β in macrophages was detected using western blotting after 48 h of reoxygenation. (E) The expression of TGF‑β in the cell medium of macrophages
was determined using ELISA after 48 h of reoxygenation. *P<0.05, **P<0.01 and ***P<0.001 vs. control. OGD/R, oxygen‑glucose deprivation/reoxygenation;
OGD/R, H9c2 cardiomyocytes under OGD/R conditions; macrophage (OGD/R), macrophages under OGD/R conditions; iNOS, inducible nitric oxide synthase;
Arg‑1, Arginase‑1; RT‑qPCR, reverse transcription‑quantitative PCR.

and C). Furthermore, Nox‑2 and Nox‑4 has been shown to
promote ROS production and aggravate oxidative damage
in numerous types of cells (25). Therefore, the expression
levels of Nox‑2 and Nox‑4 were detected in H9c2 cells
using western blot analysis. The results indicated that the
levels of Nox‑2 and Nox‑4 were increased when H9c2 cells
were cultured under OGD/R conditions (Fig. 3D). However,
the expression levels of Nox‑2 and Nox‑4 were suppressed
following treatment of the cells with medium derived from
M2‑type macrophages.
M2‑type macrophage culture medium reduces the induction
of cardiomyocyte apoptosis. Ischemia‑reperfusion injury
induces cell apoptosis in different tissues (26‑28). Therefore,
the apoptotic rates of H9c2 cells were determined using flow
cytometry. The results indicated that the apoptotic rates of
H9c2 cells were promoted when these cells were cultured

under OGD/R conditions (Fig. 4A and B). However, the
induction of H9c2 cell apoptosis was reduced following
treatment of the cells with medium derived from macrophages
cultured under OGD/R conditions. Subsequently, the expres‑
sion levels of apoptosis‑associated proteins were determined
using western blotting. The expression levels of Bcl‑2 were
suppressed, whereas the levels of pro‑apoptotic proteins (Bax
and cleaved caspase 3) were increased in H9c2 cells cultured
under OGD/R conditions. However, the levels of Bcl‑2 were
increased and the expression levels of the pro‑apoptotic
proteins (Bax and cleaved caspase 3) were inhibited in H9c2
cells following treatment with medium derived from M2‑type
macrophages (Fig. 4C).
TGF‑ β ‑mediated induction of lncRNA ATB is required for
the protective effects of M2‑type macrophage medium on
cardiomyocytes. It was reported that TGF‑β can increase the
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Figure 2. Inflammatory damage of cardiomyocytes is relieved by M2‑type macrophage culture medium. (A) The levels of inflammatory factors (TNF‑α,
IL‑1β, IL‑6 and HMGB1) in H9c2 cells were determined by reverse transcription‑quantitative PCR. (B) The levels of p‑Iκ Bα and NF‑κ B p65 in H9c2
cells were detected by western blotting. *P<0.05, **P<0.01 and ***P<0.001. OGD/R, oxygen‑glucose deprivation/reoxygenation; CM of macrophage, normal
macrophage culture medium; CM of macrophage (OGD/R), macrophage culture medium under OGD/R conditions; HMGB1, high mobility group protein B1;
p, phosphorylated.

expression levels of lncRNA ATB, which relieves the inflam‑
matory response of chondrocytes (19). The present study
demonstrated that a large amount of TGF‑β was secreted by
M2‑type macrophages (Fig. 1D). Therefore, the expression of
lncRNA ATB was determined in H9c2 cells following treat‑
ment with LY364947. The levels of lncRNA ATB in H9c2
cells exposed to OGD/R were decreased, while this effect was
reversed following addition of M2‑type macrophage medium
(Fig. 5A). The effects of M2‑type macrophage medium were
reversed following treatment with LY364947, an inhibitor of
TGF‑β receptor kinase I (29). To investigate the effects of
lncRNA ATB in H9c2 cells, Oe‑ATB was transfected into

H9c2 cells (Fig. 5B). This cell group demonstrated elevated
expression levels of lncRNA ATB. In addition, the anti‑inflam‑
matory effects of M2‑type macrophage medium were inhibited
following LY364947 treatment. However, Oe‑ATB partly
abrogated the role of LY364947 (Fig. 5C and D). Similarly,
the protective roles of M2‑type macrophage medium against
oxidative stress and apoptosis were impaired by LY364947
(Fig. 5E and F), whereas Oe‑ATB could reduce the harmful
effects triggered by LY364947 (Fig. 5G), indicating that TGF‑β
secreted by M2‑type macrophage medium could protect H9c2
cells from oxidative stress and apoptosis via activation of
lncRNA ATB.
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Figure 3. M2‑type macrophage culture medium alleviates oxidative stress injury in cardiomyocytes. The levels of (A) MDA, (B) SOD and (C) LDH in H9c2
cells were determined using commercial kits. (D) The expression of Nox‑2 and Nox‑4 in H9c2 cells was detected using western blotting. **P<0.01 and ***P<0.001.
OGD/R, oxygen‑glucose deprivation/reoxygenation; CM of macrophage, normal macrophage culture medium; CM of macrophage (OGD/R), macrophage
culture medium under OGD/R conditions; MDA, malondialdehyde; SOD, superoxide dismutase; LDH, lactate dehydrogenase; Nox, NADPH oxidase.

Discussion
Myocardial ischemia and reperfusion cause severe damage
to the heart tissue and in the absence of timely and effec‑
tive therapy, can lead to coronary heart disease and heart
failure (30,31). The production of excess ROS induced
by ischemia‑reperfusion, the overload of calcium ions in
cardiomyocytes, myocardial contractile dysfunction and the
induction of cardiomyocyte apoptosis are considered the main
mechanisms of myocardial damage caused by ischemia‑reper‑
fusion (32‑34). Furthermore, TGF‑β plays a crucial role in
ventricular remodeling, inflammatory injury and apoptosis
of cardiomyocytes (35). Previous studies have revealed that
TGF‑β can manipulate myocardial fibrosis by regulating the
expression of Smad2/Smad3 and Wnt/β‑catenin pathway‑asso‑
ciated proteins (36,37). A study suggested that higher levels of
TGF‑β could alleviate the apoptosis of cardiomyocytes, which
was induced by ischemia‑reperfusion, leading to the protection
of the normal function of cardiomyocytes (10). In addition,
previous studies revealed that M2‑type macrophages could
secrete TGF‑β (38,39). Macrophages are a type of autoim‑
mune cells in the body, which can alleviate the inflammatory
damage caused in various tissues of the body by secreting
diverse cytokines. In addition, macrophages are polarized
and transformed into M1‑ and M2‑type macrophages (40).

Furthermore, M1‑ and M2‑type macrophages secrete different
cytokines and protect the tissues from the induction of
the inflammatory response (15). However, whether TGF‑ β
secreted by M2 macrophages can relieve cardiomyocyte injury
induced by ischemia‑reperfusion is unclear. In the present
study, macrophages were cultured under OGD/R conditions.
However, the expression levels of M1 and M2 macrophage
markers differed according to the different time periods
(12, 24 and 48 h) of reoxygenation. The expression levels of
M2 macrophage markers (IL‑10, Arg‑1 and IL‑13) were the
highest following 48 h of reoxygenation. The levels of TGF‑β
were also higher in these macrophages following 48 h of
reoxygenation. Therefore, these macrophages were considered
M2 macrophages and were used for subsequent experiments.
l ncR NAs a re non‑ codi ng R NAs consisti ng of
>200 nucleotides. lncRNAs participate in the regulation
of several physiological activities in different types of
cells (41,42). A previous study revealed that lncRNA ATB is
the signal transmitting medium of TGF‑β (17). lncRNA ATB
activated by TGF‑β relieves the inflammatory injury of chon‑
drocytes by suppressing the expression levels of NF‑κ B and
MyD88 (19). According to these findings, the expression levels
of lncRNA ATB in cardiomyocytes were increased following
treatment of macrophage culture medium, which were cultured
under OGD/R conditions. These results indicated that TGF‑β
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Figure 4. M2‑type macrophage culture medium reduces the induction of cardiomyocyte apoptosis. (A and B) The apoptosis rates of H9c2 cells were measured
using flow cytometry. (C) The expression of apoptosis‑related proteins in H9c2 cells were determined using western blotting. *P<0.05, **P<0.01 and ***P<0.001.
OGD/R, oxygen‑glucose deprivation/reoxygenation; CM of macrophage, normal macrophage culture medium; CM of macrophage (OGD/R), macrophage
culture medium under OGD/R conditions.

secreted by M2 macrophages could increase the expression
levels of lncRNA ATB in cardiomyocytes.
Given that inflammatory damage is the main symptom
of ischemia and reperfusion injury (43,44), the levels of
inflammatory factors in the cardiomyocytes cultured under
OGD/R conditions were examined. The results indicated
that the expression levels of inflammatory factors (TNF‑ α,
IL‑1β, IL‑6, HMGB1, p‑Iκ Bα and NF‑κ B p65) were inhib‑
ited in cardiomyocytes following treatment of cells with
medium derived from M2 macrophages cultured under
OGD/R conditions. Previous studies revealed that ischemia
and reperfusion could also induce oxidative damage and
apoptosis of cells (45,46). In the present study, the induc‑
tion of oxidative stress and apoptosis in cardiomyocytes
were relieved following treatment of the cells with culture
medium derived from M2 macrophages, which were cultured
under OGD/R conditions. The results of the present study
indicated that TGF‑β secreted by M2 macrophages alleviated
OGD/R‑induced inflammatory damage, oxidative stress, and

apoptosis by upregulating the expression levels of lncRNA
ATB in cardiomyocytes. However, there are limitations in
the present study. Firstly, TGF‑ β could induce myocardial
fibrosis and remodeling, which adversely affects the heart
according to previous literature (47,48). Hence, the effects of
TGF‑β on myocardial fibrosis while protecting cardiomyo‑
cytes from ischemia‑reperfusion injury should be further
investigated. Secondly, the specific role and mechanisms
of anti‑inflammatory factors secreted by macrophages in
myocardial ischemia‑reperfusion injury have not been fully
elucidated, and the experimental contents of the study need
to be repeated with soluble TGF‑ β alone. These will be
investigated in future studies.
In conclusion, the present study demonstrated the effects
of TGF‑β secreted by M2 macrophages on OGD/R‑induced
injury of cardiomyocytes. The present study suggested that
macrophages may be the source of TGF‑β in the process of
myocardial ischemic injury. TGF‑β alleviated OGD/R‑induced
inflammatory damage, oxidative injury and apoptosis of
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Figure 5. TGF‑β ‑mediated induction of lncRNA ATB is required for the protective effects of M2‑type macrophage medium on cardiomyocytes. (A) The
expressions of lncRNA ATB in H9c2 cells was detected using RT‑qPCR following treatment with LY364947 (5 µg/ml). (B) The levels of lncRNA ATB in H9c2
cells were determined using RT‑qPCR. The expression of IL‑1β, IL‑6 in H9c2 cells was detected using (C) western blotting and (D) RT‑qPCR. The levels of
(E) MDA and (F) SOD in H9c2 cells were determined using commercial kits. (G) The expression of apoptosis‑related proteins in H9c2 cells were determined
using western blotting. *P<0.05, **P<0.01 and ***P<0.001. OGD/R, oxygen‑glucose deprivation/reoxygenation; CM of macrophage, normal macrophage culture
medium; CM of macrophage (OGD/R), macrophage culture medium under OGD/R conditions; MDA, malondialdehyde; SOD, superoxide dismutase; lncRNA
ATB, long non‑coding RNA activated by TGF‑β; Oe, overexpression plasmid; NC, negative control.

cardiomyocytes via suppressing the NF‑κ B signaling pathway
by activating lncRNA ATB, which will provide a basis for

clinical treatment of myocardial ischemic injury targeting the
inflammatory response.
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