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Abstract: Myocardial infarction (M) is one of the leading causes of morbidity and mortality worldwide. The immune
response plays a central role in post-MI cardiac repair. A growing body of evidence suggests that oncostatin M
(OSM), a pleiomorphic cytokine of the interleukin (IL)-6 family, participates in the cardiac healing and remodeling
process. However, previous studies have shown inconsistent results, and the exact mechanisms underlying this
process have not yet been fully elucidated. We verified whether OSM is involved in the healing process and cardiac
remodeling after Ml and sought to explore its potential mechanisms. Our data implied OSM’s role in facilitating
the post-MI healing process in mice, manifested by improved cardiac functional performance and a reduction in
fibrotic changes. Furthermore, our flow cytometry analysis revealed that OSM influences the dynamics of cardiac
monocytes and macrophages. In mice with a blunted C-X-C motif receptor (CCR)2 signaling pathway, OSM reserved
its protective roles and polarized cardiac macrophages toward a reparative phenotype. Moreover, OSM reduced the
number of matrix metalloproteinase (MMP)-9* immune cells and increased the number of tissue inhibitor of metal-
loproteinase (TIMP)-1* immune cells in the infarct area, mitigating the maladaptive remodeling following MI. These
findings demonstrate that OSM favorably modulates cardiac remodeling, partially by accelerating the shift in the
cardiac macrophage phenotype from M1 to M2 and by correcting the MMP-9 and TIMP-1 balance.
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Introduction in the first few days. These initial populations
demonstrate a pro-inflammatory phenotype,
which shifts over the ensuing days to a predom-
inantly reparative phenotype that is key in
orchestrating the repair response. During this
process, improper early and prolonged inflam-
matory responses can disturb the balance
between matrix degradation and collagen depo-
sition, which contributes to impaired healing,
harmful cardiac remodeling, and negative out-
comes. Strategies targeting these subpopula-
tions of macrophages may be able to favorably

Myocardial infarction (Ml), induced by tempo-
rary or permanent thrombosis in the coronary
arteries, is one of the leading causes of morbid-
ity and mortality worldwide [1]. Timely throm-
bolysis, balloon dilatation, and stent implanta-
tion into the culprit vessel have been shown to
be effective at reducing the necrotic area and
improving the survival rate of Ml [2, 3]. However,
many survivors go on to develop myocardial
dysfunction or heart failure after Ml [4, 5]. The

immune response plays a central role in the
healing process following acute MI (AMI).
Monocytes and macrophages, pleiotropic cells
of the innate immune system, play critical roles
in the homeostatic maintenance of the myocar-
dium under normal conditions and in response
to injury. Following MI, the number of cardiac
monocytes and macrophages expands rapidly

modulate the cardiac remodeling process after
MI.

Oncostatin M (OSM), produced by activated T
lymphocytes, monocytes/macrophages, and
dendritic cells, is a pleiomorphic cytokine that
belongs to the glycoprotein (gp) 130/1L-6-family
of cytokines [6, 7]. OSM may have a role in
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immune and inflammatory responses; however,
inconsistent results have been shown in the
cardiac healing and remodeling processes
after acute and chronic heart injuries, although
a limited number of studies have suggested
that OSM might facilitate cardiomyocyte de-
differentiation, regulate cardiomyocyte-depen-
dent macrophage trafficking, promote autopha-
gy, and suppress fibrogenesis [8-11]. While the
observed dichotomy appears to be partially
attributed to differences in the induction of
heart injuries, the exact mechanisms remain to
be fully illustrated.

In this study, the protective roles of OSM were
verified using a post-MI mice model, and the
dynamics of cardiac monocytes/macrophages
in post-MI hearts were tested to explore their
potential mechanisms. We demonstrated that
OSM facilitates the healing process and
improves the performance of the damaged left
ventricle after MI by partially regulating the
polarization of the cardiac monocytes/macro-
phages, especially resident macrophages.

Materials and methods
Induction of Ml and drug treatment

Male C57BL/6)J mice aged 6 weeks were
purchased from the Model Animal Research
Center of Nanjing University (Nanjing, People’s
Republic of China). The experimental animals
were kept in a specific pathogen-free facility
under a 12-h light/dark cycle with free access
to water and food. The mice underwent a per-
manent ligation of the left anterior descending
artery (LAD) or sham operations after 1 week of
acclimatization, as described previously [12,
13]. Briefly, the mice were anesthetized with
2.0% isoflurane gas, and a rodent respirator
was used to assist the mechanical ventilation.
The chest cavity was opened using a left thora-
cotomy so that the heart could be exposed and
the LAD could be visualized using a micro-
scope. The LAD was permanently ligated at the
site of its emergence from the left atrium with a
7-0 silk suture. The presence of myocardial
blanching in the perfusion bed confirmed the
complete occlusion of the blood vessels. The
sham-operated animals underwent the same
procedure without coronary artery ligation. The
mice that did not survive the surgery were
excluded from further analysis. The mice were
anesthetized using 5% isoflurane and sacri-
ficed by cervical dislocation at each experimen-
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tal time point, and the tissues were obtained
after the cardiac arrest in each mouse was con-
firmed. The animal experimental protocol com-
plied with the Animal Management Rules of the
Chinese Ministry of Health (document No. 55,
2001) and was approved by the Animal Care
Committee of Shanghai Jiao Tong University
(Permit Number: [2019]-12). The mice were fed
in the Experimental Animal Center of Shanghai
Jiaotong University School of Medicine, where
the animal experiments were performed.

Experimental protocol

Two animal studies were performed in the cur-
rent study. In animal study 1, C57BL/6J mice
were used to clarify the role of OSM in the post-
MI cardiac inflammation response and remod-
eling. In animal study 2, a CCR2 antagonist was
used to impede the infiltration of blood mono-
cytes, and the role of OSM on the resident mac-
rophages was explored.

For animal study 1, the experimental mice were
randomly divided into four groups as follows: (1)
the sham-operated and vehicle-treated mice
(sham + vehicle), (2) the sham-operated and
OSM-treated mice (sham + OSM), (3) the M
model and vehicle-treated mice (Ml + vehicle),
and (4) the MI model and OSM-treated mice (Ml
+ OSM). Before conducting the surgical proce-
dures, recombinant mouse OSM (60 pg/kg)
was dissolved in dimethyl sulfoxide and in-
jected intraperitoneally twice a day for 14 days
into the OSM mice [10]. The sham and Ml
groups were administered the same volume of
dimethyl sulfoxide for 14 days. The recombi-
nant mouse OSM (catalog No. 495-M0-025)
was purchased from R&D Systems (Minneapolis,
MN, USA).

For animal study 2, the CCR2 antagonist
(RS504393 [RS]) was purchased from Tocris
Bioscience (Tocris Cookson, Ellisville, MO, USA)
and was administered subcutaneously (2 mg/
kg/d) for 3 days before the LAD ligation until
the end of the experiments. The RS-treated Ml
mice were then divided into two groups based
on whether they received the vehicle or the
OSM treatment: the Ml + RS + vehicle group
and the MI + RS + OSM group.

Echocardiography analysis

Fourteen days after the surgeries, transthorac-
ic echocardiographies were performed to eval-
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uate the cardiac function using a high-resolu-
tion ultrasound imaging system (Vevo 2100;
FUJIFILM VisualSonics, Inc.). The left ventricu-
lar (LV) end-systolic diameters and the end-dia-
stolic diameters were measured using M-mode
tracings. The LV end-systolic volumes and the
end-diastolic volumes were calculated as des-
cribed previously [14]. The ejection fraction (EF)
and fractional shortening (FS) were calculated
using the following formulas: EF (%) = [(LVEDV-
LVESV)/LVEDV] x100% and FS (%) = [(LVEDD-
LVESD)/LVEDD] x100%, where LVESD is the LV
end-systolic diameter, LVEDD is the LV end-dia-
stolic diameter, LVESV is the LV end-systolic vol-
ume, and LVEDV is the LV end-diastolic volume.
The M-mode measurement data represent 3-6
averaged cardiac cycles from at least two scans
per mouse.

Histological analysis

Masson’s trichrome-staining procedure was
performed on 6-um sections of the paraffin-
embedded hearts to evaluate the severity of
the cardiac fibrosis. The sections were photo-
graphed using an Olympus BX61 microscope
(Olympus, Tokyo, Japan), and the percentages
of staining in the sections were quantitatively
analyzed using Image Pro Plus 6.0 software
(Media Cybernetics, Inc., Rockville, MD, USA).
The severity of cardiac fibrosis was indicated by
the ratio of positively stained area to the total
selected field.

For the immunofluorescence, the sections we-
re incubated with primary anti-MMP-9 (1:100)
or anti-TIMP-1 (1:100) antibodies overnight at
4°C. Next, the sections were incubated with
Alexa Fluor® 488-conjugated secondary anti-
body (1:1000) at room temperature for 1 h and
counterstained with 4,6-diamidino-2-phenylin-
dole (DAPI).

The primary antibodies anti-TIMP-1 and anti-
MMP-9 (catalog Nos. ab38978 and ab38898,
respectively) were purchased from Abcam
(Cambridge, MA, USA). The Alexa Fluor® 488-
conjugated secondary antibody (catalog No.
A11008) was purchased from ThermoFisher
(Waltham, MA, USA).

Flow cytometry
For the heart sample preparation, all the anaes-

thetized mice underwent a thorax opening.
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Their hearts were obtained for the subsequent
flow cytometry procedures after PBS perfusion,
as previously described [15]. Briefly, the heart
was exposed, and a perfusion tube was insert-
ed into the left ventricle. The right atrium was
cut open before the PBS perfusion. The heart
tissue samples were collected when the efflu-
ent from the right atrium was transparent and
clear; then the samples were minced and dis-
solved in RPMI 1640 medium containing 8.5 U/
ml DNase | (Roche) and 40 mg/ml LiberaseTM
(Roche, Basel, Switzerland) for 40 min at 37°C.
The dissociation was terminated with serum-
free RPMI 1640 medium. The erythrocytes
were then lysed using a lysis buffer (RBC Lysis
Buffer; eBioscience, San Diego, CA, USA).
Following the lysis, the cells were resuspended
in a FACS buffer (phosphate buffer saline).
Subsequently, the cells were labeled with a
mixture of antibodies for 30 min in the dark at
4°C. All the antibodies were used at a dilution
of 1:100. Multi-color flow cytometry was per-
formed on a flow cytometer (FACSArialll; BD
Biosciences, San José, USA) and analyzed
using FlowJo software (Tree Star, Ashland, OR,
USA).

The detailed antibody combinations for the flow
cytometry were as follows: anti-CD11b-Percp-
cyb.5, anti-Ly6-G-APC, anti-CD45-FITC, anti-
CD3-APC, and anti-CD19-PE (for the analyses
presented in Figure 2); anti-CD45-FITC, anti-
Ly6-G-APC, anti-F4/80-Percp-cy5.5, and anti-
Ly6-C-PE (for the analyses presented in Figure
3); anti-CD11b-FITC, anti-Ly6-G-APC, and anti-
CD206-Alexa Fluor® 647 (for the analyses pre-
sented in Figure 4); and anti-CD11b-FITC, anti-
MMP-9, anti-TIMP-1, and donkey anti-goat 1gG
(H+L)-PE (for the analyses presented in Figure
5).

Anti-CD11b-PerCP-Cy5.5 (catalog No. 561114),
anti-CD11b-FITC (catalog No. 557396), anti-
Ly6-G-APC (catalog No. 560599), anti-CD45-
FITC (catalog No. 553079), anti-CD3-APC (cata-
log No. 553066), anti-CD19-PE (catalog No.
557399), anti-F4/80-PE (catalog No. 565410),
anti-Ly6-C-PerCP-Cy5.5 (catalog No. 560525),
and anti-CD206-Alexa Fluor® 647 (catalog No.
565250) were all purchased from BD Bios-
ciences. Goat anti-MMP-9 (catalog No. AF909),
goat anti-TIMP-1 (catalog No. AF980), and don-
key anti-goat IgG (H+L) PE-conjugated antibody
(catalog No. FO107) were all purchased from
R&D Systems.
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Figure 1. Oncostatin M (OSM) treatment contributes to the recovery of cardiac function from myocardial infarction
(MI). A. Representative images of M-mode echocardiograms, and statistical analyses of LVEDD, LVESD, LVEDV,
LVESV, FS, and EF in the sham + vehicle, sham + OSM, MI + vehicle, and M|l + OSM mice. “P<0.05 (n=8). B and C.
Representative images, and quantitative analyses of Masson’s trichrome-stained sections in the hearts of the sham
+ vehicle, sham + OSM, MI + vehicle, and Ml + OSM mice. "P<0.05 (n=6). The sections were photographed at 200x
maghnification. Scale bar =50 um. D. Time course of the mRNA expression of OSM after Ml surgery for the wild-type
mice. #*P<0.05 versus day O (n=6). The data are presented as the mean + SEM.

Quantitative real-time polymerase chain reac-
tion (PCR)

A Qiagen RNeasy kit was used to extract
the total RNA according to the manufacturer’s
protocol. Reverse transcription of a total of 1 ug
of RNA was performed using a reverse tran-
scription system (Promega, Madison, WI, USA).
Power SYBR Green PCR Master Mix in a
StepOne (Applied BioSystems, Foster City, CA,
USA) was used for the PCR amplification.

The following primers were used for real-time
PCR: OSM (forward primer, 5-TACCTGAGCCCA-
CACAGACA-3’; reverse primer, 5-CGATGGTATC-
CCCAGAGAAA-3’), and B-actin (forward primer,
5-CTGTCCCTGTATGCCTCTG-3’; reverse primer,
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5-ATGTCACGCACGATTTCC-3’). Gene expres-
sion levels were normalized with (B-actin, and
the data were analyzed using StepOne soft-
ware v2.1 (Applied BioSystems, Foster City, CA,
USA).

Statistical analysis

The continuous data were analyzed using
unpaired or paired Student’s t-tests and were
presented as the means + standard error of the
mean (SEM) unless otherwise stated. One-way
analyses of variance followed by Bonferroni
post-hoc analyses were performed to deter-
mine the differences among multiple groups.
P-values <0.05 were considered to indicate a
statistically significant difference. SPSS 15.0

Am J Transl Res 2021;13(10):11329-11340
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Figure 2. The oncostatin M (OSM) treatment influenced the accumulation of cardiac immune cells after myocardial
infarction (Ml). A. Gating strategies of the flow cytometry analysis of the cardiac neutrophils (CD11b*Ly6-G* cells),
macrophages/monocytes (CD11b*Ly6-G cells), T cells (CD45*CD3* cells), and B cells (CD45*CD19* cells). B. Quan-
titative analysis of the cardiac CD11b*Ly6-G* cells, CD11b*Ly6-G  cells, CD45*CD3* cells, and the CD45*CD19*
cells in the sham + vehicle, sham + OSM, MI + vehicle, and Ml + OSM mice 3 days after the surgeries. ¥P<0.05
versus the sham + vehicle group (n=6). *P<0.05 versus the MI + vehicle group (n=6). C. Time courses of the cardiac
CD11b*Ly6-G cells in the MI + vehicle and the MI + OSM mice. *P<0.05 versus the MI + vehicle group (n=6). The
data are presented as the mean + SEM.
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Figure 3. The oncostatin M (OSM) treatment influenced the accumulation of cardiac resident macrophages and re-
cruited monocytes after myocardial infarction (Ml). A. Gating strategies of the flow cytometry analysis of the cardiac
resident macrophages (CD45*Ly6-GF4/80"e"Ly6-C¥ cells) and the recruited monocytes (CD45*Ly6-G'F4/80"“Ly6-
Chien cells). B. Time course of the cardiac CD45*Ly6-G'F4/80Me"Ly6-C* cells and the CD45*Ly6-G'F4/80°"Ly6-Chie"
cells in the MI + vehicle and the MI + OSM mice. *P<0.05 versus the Ml + vehicle group (n=6). The data are pre-

sented as the mean + SEM.

for Windows (SPSS Inc., Chicago, IL, USA) was
used for the data analysis.

Results
The OSM expressions in the post-MI hearts

The time courses of the OSM expressions in the
post-MI hearts were measured using quantita-
tive real-time PCR at the mRNA level. The OSM
MRNA was significantly elevated by the Ml sur-
gery from day 3 and peaked at day 5 post-MI.
Later, the OSM levels gradually waned toward
the baseline (Figure 1D).

OSM treatment improves LV dysfunction and
cardiac fibrosis following M|

Echocardiographic analyses were performed
to examine the effect of OSM on the post-Ml
changes in cardiac structure and function
(Figure 1A; Supplementary Table 1). For the
sham mice, the echocardiography revealed no
significant change in cardiac dilation, EF, or FS,
irrespective of whether OSM treatment was
given. Compared to the controls, the MI mice
showed significant cardiac dilatation and a sig-
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nificant reduction in LV function. The LVEDD
and LVEDV in the MI + OSM mice were slightly
lower than they were in the MI + vehicle mice,
but with no significant differences. However,
the deterioration of the LV function, indicated
by EF and FS, was inhibited in the Ml + OSM
mice but not in the MI + vehicle mice.

Masson’s trichrome stain was used to assess
the fibrotic changes 2 weeks after the surgeries
(Figure 1B and 1C). The blue-stained (Masson’s
trichrome) areas were considered to indicate
collagen deposition. No significant difference
was observed in the positive Masson’s tri-
chrome-stained areas between the sham +
vehicle and the sham + OSM mice. In the Ml
mice, the OSM treatment resulted in signifi-
cantly decreased collagen content in both the
border and infarct areas (Supplementary Table
2).

The OSM treatment influenced the dynamics
of the cardiac monocytes/macrophages after
Mmi

The innate immune response is an important
regulator of post-MI cardiac repair. Flow cyto-

Am J Transl Res 2021;13(10):11329-11340
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Figure 4. The oncostatin M (OSM) treatment contributed to the recovery of cardiac function and the M2 polarization
of cardiac resident macrophages in the myocardial infarction (MI) mice treated with RS504393. A. Representative
images of the M-mode echocardiograms and statistical analyses of FS and EF in the Ml + vehicle and the MI + OSM
mice treated with RS504393. "P<0.05 (n=8). B. Representative images and quantitative analysis of Masson'’s tri-
chrome-stained sections in the hearts of the Ml + vehicle and the Ml + OSM mice treated with RS504393. "P<0.05
(n=6). The sections were photographed at 200x magnification. Scale bar =50 ym. C. Gating strategies for the flow
cytometry analysis and the quantitative analysis of the cardiac CD11b*Ly6-G  cells, the CD11b*Ly6-GCD206 cells,
and the CD11b*Ly6-GCD206" cells in the RS504393-treated Ml + vehicle mice and the Ml + OSM mice 3 days after
the Ml surgery. “P<0.05 (n=6). The data are presented as the means + SEM.

metric analyses were performed to evaluate lymphocytes were all significantly higher in the
the accumulation of the various inflammatory MI mice than in the sham mice on day 3 after
cells. Regardless of whether OSM was adminis- the surgery. In the MI mice, the OSM treatment
tered, the number of CD11b*Ly-6G* neutro- introduced more CD11b*Ly-6G" cells into the
phils, CD11b*Ly-6G- monocytes/macrophages, infarct region (Ml + vehicle, 366.13+32.36/mg
CD45*CD3* T lymphocytes, and CD45*CD19* B tissue; MI + OSM, 536.50+26.33/mg tissue;
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Figure 5. Oncostatin M (OSM) treatment improved the MMP/TIMP balance and the healing process in myocar-
dial infarction (MI) mice treated with RS504393. A. Representative images of the flow cytometry analyses and a
quantitative analysis of the cardiac CD11b*MMP-9* cells in the MI + vehicle and the MI + OSM mice treated with
RS504393. "P<0.05 (n=8). B. Representative images of the flow cytometry analyses and the quantitative analyses
of the CD11b*TIMP-1* cells in the MI + vehicle and the Ml + OSM mice treated with RS504393. “P<0.05 (n=8). C.
Representative images of the immunofluorescence and quantitative analyses for the MMP-9-stained sections in
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the hearts of the MI + vehicle and the Ml + OSM mice treated with RS504393. "P<0.05 (n=6). The sections were
photographed at 200x maghnification. Scale bar =50 um. D. Representative images of the immunofluorescence
and quantitative analyses of the TIMP-1-stained heart sections of the Ml + vehicle and MI + OSM mice treated with
RS504393. "P<0.05 (n=8). The sections were photographed at 200x magnification. Scale bar =50 um.

P<0.05; Figure 2A and 2B). Next, the dynamics
of the cardiac CD11b*Ly-6G" cells were investi-
gated in the MI + vehicle and Ml + OSM mice.
The peak values arrived earlier in the Ml + OSM
mice compared to the Ml + vehicle mice (Figure
2C). A further analysis revealed that the time
courses of both the CD45*Ly6-G F4/80"e" y6-
C'v cells and the CD45*Ly6-G F4/80'"°"Ly6-Chie"
cells were altered by the OSM administration
following MI (Figure 3).

The OSM treatment improved the post-Ml
wound-healing process by regulating the polar-
ization of the cardiac macrophages in the mice
with blunted monocytic recruitment

RS504393 was used to suppress the CCR2 sig-
naling pathway, thus inhibits the infiltration of
the circulating monocytes into the infarct
region. In the RS-treated mice, OSM still pro-
tected the heart from the deterioration of the
LV performances, as indicated by the better EF
and FS (Figure 4A; Supplementary Table 3).
Similarly, the OSM treatment reduced the car-
diac fibrosis both in the border and infarct

areas (Figure 4B; Supplementary Table 4).

The macrophage polarization was further as-
sessed using flow cytometry. In the RS-treated
mice, OSM appeared to polarize the macro-
phages from an M1 to M2 phenotype. Spe-
cifically, the RS + Ml + OSM mice had a higher
frequency of CD11b*Ly6-G'CD206* cells resid-
ing in the infarct area compared to the RS + Ml
+ vehicle mice (Figure 4C).

The OSM treatment contributed to the rebal-
ance of the MMPs and TIMPs in the mice with
blunted monocytic recruitment

Flow cytometry revealed that OSM reduced
the numbers of the MMP-9* leucocytes and
increased the numbers of the TIMP1" leuco-
cytes, thus restoring the MMPs/TIMPs balan-
ce post-MI (Figure 5A and 5B). These findings
were further confirmed using an immunofluo-
rescence analysis, with the RS + MI + OSM
mice showing fewer MMP-9-stained areas and
more TIMP-1-stained areas compared to the
RS + MI + vehicle mice (Figure 5C and 5D;
Supplementary Table 5).
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Discussion

It is well known that inflammation is essential
during the repair process after AMI, but its
timely resolution is necessary for favorable
wound healing [16, 17]. In this study, OSM, a
member of the IL-6 family of cytokines, was
shown to regulate the cardiac macrophage
accumulation and polarization of resident mac-
rophages toward the reparative phenotype. As
a result, OSM alleviated the loss of function
and heart fibrosis after Ml and therefore played
a protective role in Ml.

According to our results, the OSM expression
was gradually up-regulated in the infarct region
over the first 5 days after Ml and then waned
step by step. During this time, the cardiac mac-
rophages/monocytes followed a similar dynam-
ic curve. Additionally, the OSM administration
shortened the time phase by which the number
of monocytes/macrophages reaches the peak
value. Thus, the OSM administration appeared
to speed up the heart’s wound healing process
following MI, which is consistent with the results
reported by Hu et al. [10].

We further explored the dynamics of the cardi-
ac macrophages derived from the circulating
monocytes or the locally self-renewed resident
macrophages following AMI. We found that the
number of resident macrophages (CD45*Ly6-G
F4/80"e"Ly6-C'**) was dramatically changed by
the OSM treatment. To establish whether the
recruited monocytes or the resident macro-
phages were the primary targets of OSM, we
employed the CCR2 inhibitor RS504393 to
impede the infiltration of the blood monocytes
[18, 19]. Although the trafficking of the mono-
cytes was hindered, the OSM benefits were
reserved, as indicated by higher EF and FS, and
reduced fibrosis both in the border and infarct
regions in the post-Ml hearts of the OSM-
treated mice. These results imply that the resi-
dent macrophages are the key effectors of
OSM in post-Ml repair.

Macrophage polarization is a key process that
balances the inflammatory response and the
dissolution after cardiac injury. Following AMI,
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Figure 6. Schematic. OSM alleviates post-MI cardiac remodeling by polarizing the cardiac macrophages toward an
M2 phenotype and correcting the MMP-9 and TIMP-1 balance.

macrophages initially show a pro-inflammatory
M1 phenotype, which is later followed by an
anti-inflammatory M2 phenotype; these pheno-
types play distinct and even opposite roles in
the immune response [20, 21]. M1 macro-
phages enhance the secretion of inflammatory
cytokines, phagocytosis of cellular debris, and
the reorganization of tissue matrices by pro-
ducing MMPs [22]. In contrast, the M2 macro-
phages promote myofibroblast accumulation,
angiogenesis, and collagen deposition [23, 24].
Thus, the prolonged presence of M1 macro-
phages can impede the resolution of inflamma-
tion and scar formation, while the M2 macro-
phages can facilitate neoangiogenesis and
reconstruction. In our study, OSM administra-
tion promoted this post-Ml polarization by
increasing the CD206" macrophage population
residing in the infarct region. OSM administra-
tion also improved myocardial repair and func-
tion post-MI. This shift in balance from M1 to
M2 macrophages might protect the heart from
adverse remodeling following AMI [25, 26].

Further investigations confirmed the benefit
of OSM in alleviating the maladaptive remodel-
ing process. MMPs are a group of proteolytic
enzymes that engage in the degradation of col-
lagen and the extracellular matrix (ECM) com-
ponents. The activity of the MMPs is tightly
regulated by TIMPs, which can bind to the
active site of the MMP enzymes and block
access to their substrates [27]. During the
reparative phase, a dynamic balance between
MMPs and TIMPs is essential to ensure a suc-
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cessful wound healing process by maintaining
the integrity of the ECM. The induction of
MMPs, the principal matrix-degrading protein-
ases, and the reduction in TIMPs is important
in both early ischemic injury and late LV remod-
eling [28-30]. Previous studies have identified
neutrophils as major producers of MMP-9 dur-
ing the early phase of cardiac remodeling, but
macrophages represent the main cellular
source of TIMP-1 following MI [9]. In our study,
OSM resulted in a reduction in MMP-9* immune
cells and an increase in TIMP-1* immune cells
in the infarct area in mice with blunted CCR2
signaling; these findings were reinforced by our
immunofluorescence analyses. Therefore, OSM
contributed to correcting the post-Ml imbal-
ance of the MMPs and TIMPs and protected
against maladaptive remodeling.

In conclusion, we demonstrated that OSM con-
tributes to the post-MI cardiac remodeling pro-
cess and tends to shift the resident macro-
phage phenotype from the pro-inflammatory
M1 macrophage to an anti-inflammatory M2
macrophage phenotype that resists adverse
myocardial remodeling (Figure 6). In future
studies, tissue-specific OSM gene knockout
mice should be used to confirm the role of
OSM, and the results should be further verified
with human data. Despite these limitations, our
study provides new insights into the roles of
OSM in regulating cardiac macrophages in isch-
emic heart disease and thus represents a
potential therapeutic strategy for the ameliora-
tion of the disease.
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Supplementary Table 1. Data of M-mode echocardiograms and statistical analysis

Sham + vehicle MI + vehicle Sham + OSM MI + OSM
LVEDD (mm) 3.05+0.17 4.24+0.452 2.90+0.18 4.04+0.41
LVEDV (uL) 36.56+4.86 81.97+21.99° 32.36+4.98 72.65+£17.33
LVESD (mm) 1.635+0.13 3.674+0.35 1.578+0.163 3.273+0.32
LVESV (uL) 7.671+1.64 57.87+13.69 7.036+1.91 43.87+£10.45
EF (%) 79.18+2.17 28.56+5.67° 78.35+4.43 39.57+2.16"°
FS (%) 46.43+2.05 13.25+2.94° 45.61+4.08 18.95+1.20°

LVEDD, left-ventricle end-diastolic diameter; LVEDV, left-ventricle end-diastolic volume; LVESD, left-ventricle end-systolic diam-
eter; LVESV, left-ventricle end-systolic volume; EF, ejection fraction; FS, fractional shortening. ?p<0.05 compared to sham +
vehicle, ’p<0.05 compared to Ml + vehicle.

Supplementary Table 2. Data of Masson'’s trichrome-stained sections

Sham + Sham + MI + vehicle Ml + OSM MI + vehicle MI + OSM
vehicle OSM (border area) (border area) (infarctarea) (infarct area)

Masson’s trichrome stained areas (%) 0.62%+0.08% 0.87%+0.10% 29.17%+2.56% 21.00%+1.16%" 79.33%+4.66% 64.17%+2.39%"

2p<0.05 compared to MI + vehicle (border area), °p<0.05 compared to MI + vehicle (infarct area).

Supplementary Table 3. Data of M-mode echocardiograms and statistical analysis for Experiment 2

RS + MI + vehicle RS + Ml + OSM p
EF 31.31%+6.02% 41.60%%8.09% <0.05
FS 14.61%+3.08% 20.21%+4.51% <0.05

Supplementary Table 4. Data of Masson’s trichrome-stained sections for Experiment 2

RS + MI + vehicle RS+ MI+ OSM RS + Ml + vehicle RS + Ml + OSM
(border area) (border area) (infarct area) (infarct area)

Masson’s trichrome stained areas (%) 22.33%+1.59% 16.83%+1.21%° 74.17%+3.36% 60.33%+3.20%"

2p<0.05 compared to RS + MI + vehicle border area, *p<0.05 compared to RS + MI + OSM infarct area.

Supplementary Table 5. Data for quantitative analysis for MMP-9/TIMP-stained area in infarcted
hearts

RS + MI + vehicle (infarct area) RS + MI + OSM (infarct area) p
MMP-9 area/ROI% 3.38%+0.31% 2.24%+0.21% <0.05
TIMP-1 area/ROI% 2.91%+0.31% 3.73%+0.21% <0.05




