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Abstract

It has been reported that oncostatin M (OSM) could initiate cardiomyocyte dedifferentiation both

in vivo and in vitro. OSM-induced cardiomyocyte dedifferentiation might be a new target for the

treatment of diabetic cardiomyopathy (DCM). This study was designed to determine the role of

OSM in cardiomyocyte dedifferentiation and the progression of DCM. A mouse DCM model was

established to evaluate the effects of OSM in vivo. Echocardiography was applied to determine car-

diac function. Sirius red staining was used to detect fibrosis area. Transmission electron microscopy

was used to evaluate mitochondria impairment. Real-time polymerase chain reaction and western

blot analysis were performed to detect relative mRNA expressions and cardiomyocyte dedifferenti-

ation-related protein expressions, respectively. OSM treatment induced similar impaired cardiac

function and cardiac ultrastructure impairment to those detected in DCM mice. The expressions

of dedifferentiation markers of cardiomyocyte (Runx1, and α-SM-actin) were up-regulated in the

OSM-treated mice compared with those in the control group. To further demonstrate the important

role of OSM, OSM receptor knockout (Oβko) mice were used. In Oβko mice, cardiomyocytes dediffer-

entiation markers of c-kit, Runx1, and atrial natriuretic peptide were down-regulated, with attenuated

DCM injury and abrogated OSM/B-Raf/Mek/Erk signaling pathway. In conclusion, OSM-induced

cardiomyocyte dedifferentiation plays a crucial role in the progression of DCM. The mechanism of

OSM-induced cardiomyocyte dedifferentiation is associated with B-Raf/Mek/Erk signaling pathway

through the OSM receptor Oβ.

Key words: oncostatin M, cardiomyocyte dedifferentiation, diabetic cardiomyopathy

Acta Biochim Biophys Sin, 2016, 48(3), 257–265
doi: 10.1093/abbs/gmv137

Advance Access Publication Date: 1 February 2016
Original Article

© The Author 2016. Published by ABBS Editorial Office in association with Oxford University Press on behalf of the Institute of Biochemistry and Cell Biology, Shanghai Institutes
for Biological Sciences, Chinese Academy of Sciences. 257

D
ow

nloaded from
 https://academ

ic.oup.com
/abbs/article/48/3/257/2194598 by guest on 25 April 2024

http://www.oxfordjournals.org


Introduction

Diabetic cardiomyopathy (DCM) was first reported in 1972 when
Rubler et al. [1] described four diabetic patients with congestive
heart failure. Since then, DCM has been defined as ventricular dys-
function that occurs independently of coronary artery disease and
hypertension [2]. There are three stages in the progression of DCM.
The early stage is the phase when cellular and metabolic changes
occur without obvious systolic dysfunction; the middle stage is char-
acterized by increased apoptosis, left ventricular size, and diastolic
dysfunction with normal ejection fraction (EF); and the late stage is
characteristic of alteration in microvasculature compliance, increased
left ventricular size, and decreased cardiac performance which leads to
heart failure [3]. As the diabetic population increased rapidly in recent
years, DCM has gained much attention. However, the mechanisms of
DCM are still not well understood [4,5].

Cardiomyocyte dedifferentiation is an adaptive process which re-
acts to the outside stimulation [6]. The main presentations of cardio-
myocyte dedifferentiation focus on the cardiomyocyte structure
changes, the expressions of the related markers including Runx1,
c-kit, α-SM-actin, and atrial natriuretic peptide (ANP) [7–9]. Kubin
et al. [10] revealed that partial dedifferentiation of cardiomyocyte ini-
tially protected the damaged myocardium, but promoted heart failure
in the chronic phase characterized by prolonged induction of dediffer-
entiation, indicating that cardiomyocytes dedifferentiation might be
an important target for the treatment of DCM.

OncostatinM (OSM), an inflammatory cytokine of the interleukin
6 (IL-6) family members, could exert multiple physiological functions.
There are two kinds of OSM receptors, namely, Type I receptor
formed by LIFR (leukemia inhibitory factor receptor)-gp130 and
Type II receptor composed of OSM receptor Oβ and gp130. Murine
OSM binds exclusively to Type II receptor, while humanOSM has the
exceptional capability to recruit both two receptors [11]. Previous
studies have demonstrated that OSM initiates dedifferentiation of adi-
pocytes [12]. Elevated expression levels of OSM have been found in
patients with dilative cardiomyopathy. Furthermore, OSM initiates
dedifferentiation of cardiomyocyte in dilative cardiomyopathy and
acute myocardial infarction [10].

However, whether OSM takes part in the dedifferentiation of car-
diomyocyte in DCM remains unclear. In this study, we aimed to deter-
mine whether OSM-related dedifferentiation is associated with DCM
progression, and to explore the underlying mechanisms.

Materials and Methods

Animals

129-Osmrtm1.1Nat/Jmice possessing loxP sites onboth sides of the second
exon (first coding exon) of the OSM receptor (Oβ) gene were purchased
from Jackson Laboratory (Bar Harbor, USA). 129-Osmrtm1.1Nat/J mice
were crossed with C-Tg (CMV-cre) 1 Cgn/J mice (Jackson Laboratory) to
knockout OSM receptor Oβ. Polymerase chain reaction (PCR) was used
to screen Oβ−/− mice, and Oβ+/+ mice (body weight 23–25 g) were used
as controls.

Mice were randomly allocated into the following groups, with 20
mice in each group: (i) control group, (ii) DCM group, (iii) OSM
group, (iv) DCM-Oβ−/− group, (v) DCM-Oβ−/−+OSM group, (vi)
DCM+OSM group, (vii) DCM-Oβ−/−+OSM group, and (viii) DCM
+UO126+OSM group. Diabetes mellitus was induced in 8–12 weeks
Oβ−/− mice and Oβ+/+ mice (body weight 23–25 g) by intraperitoneal
injections (i.p.) of streptozotocin (STZ) (Sigma, St Louis, USA). STZ
was dissolved in 0.1 M citrate buffer, pH 4.5 and injected (50 mg/kg)

for five consecutive days as previously described [13]. Control mice
were administered an equivalent volume of citrate buffer. Random
blood glucose concentration was determined using a reflectance
meter (Accu-Chek; Roche Diagnostics GmbH, Mannheim, Germany)
at 3 days, 7 days, and 3 months post STZ injection. The glucose value
of ≥16.7 mM was considered as a cutoff point for diabetes.

OSM-treated mice were then received OSM injection for 2 months
after STZ or citrate buffer injection. OSM (R&DSystems,Minneapolis,
USA) was dissolved in sterile phosphate-buffered saline (PBS) contain-
ing 0.1%bovine serum albumin and injected intraperitoneally twice per
day with 60 ng/g of body weight for 14 days. The control group re-
ceived the same volume of sterile PBS containing 0.1% bovine serum
albumin for 14 days. The chemical 1,4-diamino-2,3-dicyano-1,4-bis
(o-aminophenylmercapto)butadiene (UO126) was purchased from
Calbiochem (La Jolla, USA) and dissolved in sterile saline. Mice in
the UO126-treatment group received UO126 injection at a dose of
1 μg/g body weight, together with OSM through the tail vein twice
per day for 14 days.

The experiments were approved by the Ethic Committee on
Animal Care of the FourthMilitaryMedical University and performed
according to the instructions of the National Institutes of Health
Guidelines on the Use of Laboratory Animals.

Echocardiography for the determination of cardiac

function and hemodynamic evaluation

Echocardiography was conducted 12 weeks after STZ injection. Mice
were sedated using 3% isoflurane, and transthoracic echocardiography
was performed by Vevo 2100 ultrasound system (Visual-Sonics, Toronto,
Canada) with a 30-MHz linear transducer. Left ventricular end-systolic
volume (LVESV), left ventricular end-diastolic volume (LVEDV), left ven-
tricular EF, and left ventricular fractional shortening (FS) were calculated
by the use of computer algorithms. All parameters were calculated based
on the statistics of four consecutive cardiac cycles, and all of these
measurements were performed in a blinded manner. FS and EF were cal-
culated as follows: FS = [(LVEDD� LVESD)/LVEDD] ×100% [14],
and EF ¼ ½ðLVEDD3 � LVEDS3Þ=LVEDD3� × 100% [15]. The first de-
rivative of the left ventricular pressure (+dp/dt max and -dp/dt max) was
measured inmice anesthetizedwith 3% isoflurane as previously described
[16].

Transmission electron microscopy

After echocardiography assessment, mice were anesthetized with 3%
sodium pentobarbital. Hearts were rapidly removed and washed with
PBS solution. At a low temperature, a specimen of the left ventricular
myocardiumwas removed with ophthalmic scissors and cut into ultra-
thin sections with the thickness of 60–64 nm. Images were taken after
fixation, soaking, stepwise alcohol dehydration, displacement, embed-
ding, polymerization, sectioning, and staining, and then observed with
an electron microscope (JEM-2000EX TEM, JEOL Ltd., Tokyo,
Japan). Random sections were taken and analyzed by two technicians
blinded to the treatments [17].

Sirius red staining

After catheterization, cardiac puncture was performed as previously
described [18]. The heart was then fixed with 10% buffered formalin
and assigned a numerical code to conceal identification of the treat-
ment group. Tissues were subsequently processed through graded al-
cohols, embedded in paraffin, sliced to 4 μm thickness, placed onto
microscope slides, and stained using a picro sirius red-fast green
(Sigma) staining technique. Sirius red binds to collagen and fast
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green binds to noncollagenous protein. Images were captured under a
light microscope equipped with a DFC490 digital camera (Leica Mi-
crosystems, Wetzlar, Germany).

Quantitative real-time PCR

RNA was isolated using a NucleoSpin RNA II kit (Macherey-Nagel
GmbH,Mannheim, Germany), and cDNAwas synthesized with a Re-
verse Transcription System kit (Promega, Madison, USA). Quantita-
tive real-time PCR was performed using predesigned Taqman Gene
Expression Assays and AmpliTaq Gold DNA polymerase following

the manufacturer’s instructions (Applied Biosystems, Foster City,
USA). PCR was performed in a GeneAmp PCR system 2400 Thermal
Cycler (Perkin-Elmer, Norwalk, USA) and the conditions were 30 s at
94°C, 30 s at 58°C, and 30 s at 72°C (30 cycles). Primers used are
listed in Table 1. The ratio of the mRNA levels for each sample was
calculated by normalizing the comparative quantitation values to
those of GAPDH mRNA.

Western blot analysis

Protein samples were prepared from homogenized heart tissue accord-
ing to standard protocols. Total proteins were loaded onto the sodium
dodecyl sulfate polyacrylamide gel electrophoresis gel and electro-
phoretically transferred to nitro-cellulose membranes (Millipore, Bill-
erica, USA). After being blocked with 5% skim milk, the membranes
were incubated with the appropriate primary antibody of the recom-
mended dilution at 4°C overnight. The membranes were washed and
further incubated with horseradish peroxidase-conjugated secondary
antibody at 37°C for 60 min. The blots were developed with an en-
hanced chemiluminescence reagent kit (Millipore) and visualized
with UVP Bio-Imaging Systems (UVP, LLC, Upland, USA). Vision
Works LS Acquisition and Analysis Software were used to analyze
blot densities [18].

Primary antibodies against the following proteins were used in this
study: β-actin (1:2000; Cell Signaling, Beverly, USA), GADPH (1:2000;
Cell Signaling), OSM (1:2000; R&D systems), Oβ (1:500, R&D system),
c-kit (1:1000; Abcam, Cambridge, USA), Sca-1 (1:2000; Abcam),
Runx1 (1:500; Abcam,), ANP (1:200; Abcam), α-SM-actin (1:2000;

Table 1. Sequence of primers used in Quantitative real-time PCR

Gene Primer sequence

OSM 5′-TGCCCGGCACAATATCCTC-3′ (forward)
5′-GTGTGGGCTCAGGTATCTCCAG-3′ (reverse)

Oβ 5′-GATTCGCATCAC AGCCAACAA-3′(forward)
5′-CCAGATACGGGCTCCCAAGA-3′ (reverse)

Runx1 5′-AACCAGGTAGCGAGATTCAACGAC-3′ (forward)
5′-CAACTTGTGGCGGATTTGTAAAGA-3′ (reverse)

c-kit 5′- CGGGCTAGCCAGAGA CATCA-3′ (forward)
5′-TCTCTGGTGCCATCCACTTCA-3′ (reverse)

ANP 5′- TGACAGGATTGGAGCCCAGA-3′ (forward)
5′-GACACACCACAAGGGCTTAGG A-3′ (reverse)

GAPDH 5′-GGCACAGTCAAGGCTGAGAATG-3′ (forward)
5′-ATG GTGGTGAAGACGCCAGTA-3′ (reverse)

Figure 1. DCMmice exhibited impaired cardiac function (A) Echocardiography showed normal cardiac function in the control group and impaired cardiac function

in the DCM group compared with the control group. (B) TEM showed mitochondria impairment in the DCM mice (scale bar = 2 μm). (C) Sirius red staining showed

increased fibrosis area in the DCM group compared with the control group (magnification, ×400). (D–H) Statistic analysis of EF, FS, ±LV dp/dt max, LVEDV, and

LVESV. (I) Statistic analysis of fibrosis area. (J) RT-PCR analysis of OSM, Oβ, c-kit, Runx1, and ANP. *P < 0.05 vs. control group.
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Abcam), p-gp130 (ser782, 1:100; Abcam), B-raf (1:500; Becton Dickin-
son, Franklin Lakes, USA), Mek (1:1000; Becton Dickinson), Erk
(1:1000; Abcam), and p-Erk (Thr202/Tyr204, 1:2000; Cell Signaling).
Secondary antibodies were horseradish peroxidase-conjugated goat anti-
rabbit IgG (1:5000; Santa Cruz Biotechnology, Santa Cruz, USA), and
rabbit anti-goat IgG (1:5000; Santa Cruz Biotechnology).

Immunofluorescence staining

Hearts were prepared as previously described and then fixed by immer-
sion in cold 4% formaldehyde for 24 h and then processed for paraffin
embedding. Microtome sections (4 μm) were used for immunofluores-
cence analysis. Paraffin sections were treated with xylene and ethanol,
washed with PBS and then subject to antigen retrieval. Slices were
blocked with 3% bovine serum albumin and incubated with primary
antibodies against Runx1 (Abcam) and ANP (Abcam) at the dilution
of 1:100 at 4°C overnight, washed with PBS for three times (5 min
each), and then incubated with tetraethyl rhodamine isothiocyanate
conjugated goat anti-rabbit IgG polyclonal secondary antibody at a
1:400 dilution for 60 min at 37°C. F-actin was co-stained with CytoPain-
ter F-actin Staining kit (Abcam) for 30 min at 37°C. Then the slices were
washed again with PBS for three times (5 min each). Nuclei were counter-
stained with 4’,6-diamidino-2-phenylindole and then washed with PBS.
After the final wash, the slices were coveredwith cover-slips and examined
with a confocal microscope (Olympus FV 1000, Tokyo, Japan).

Statistical analysis

Continuous variables that approximated the normal distribution were
expressed as means ± standard deviation. Comparisons between

groups were done with analysis of variance followed by Bonferroni
correction for the post hoc t-test. Data expressed as proportions
were assessed with a χ2-test. Two-sided tests were used throughout,
and P < 0.05 was considered statistically significant. SPSS software
package version 14.0 (SPSS, Chicago, USA) was used for data analysis.

Results

DCM mice exhibited impaired cardiac function and

increased expressions of OSM and Oβ receptor in heart

Cardiac function of mice in the control group and the DCM group was
evaluated by ultrasound cardiography (UCG) (Fig. 1A). The LVEF
(50.75%± 7.30% vs. 71.78%± 6.18%, P < 0.05) and the FS (27.45%
± 2.71% vs. 35.77% ± 3.46%, P < 0.05) were decreased while the
LVEDV (87.25 ± 11.79 µl vs. 75.50 ± 9.04 µl, P < 0.05) and LVESV
(38.75 ± 2.99 µl vs. 21.75 ± 3.30 µl, P < 0.05) were increased in the
DCM group compared with the control group (Fig. 1D,E,H).
The +LV dp/dt max (6999.2 ± 1244.1 mmHg/s vs. 11061.5 ± 1716.2
mmHg/s, P < 0.05) and the −LV dp/dt max (3748.6 ± 1152.3 mmHg/s
vs. 8125.6 ± 1343.5 mmHg/s, P < 0.05) were decreased in the DCM
group compared with the control group (Fig. 1F,G). Sirius red staining
(Fig. 1C) showed that the fibrosis area was increased in the DCM
group (6.03%±0.59% vs. 1.10%± 0.47%, P < 0.05) compared with
the control group (Fig. 1I). Moreover, transmission electron micros-
copy (TEM) revealed mitochondria impairment in the DCM mice
(Fig. 1B). Immunofluorescence staining of heart specimens from
DCM mice revealed significant up-regulation of dedifferentiation mar-
kers including Runx1 and ANP (Fig. 2A,B). The expressions of OSM,

Figure 2. DCMmice showed increased expressions of OSM and its receptor Oβ in heart (A, B) Fluorescent immunostaining of Runx1 and ANP expression (red) of

cardiomyocytes (green) (scale bar = 30 μm). (C) Western blot analysis showed increased expression of OSM, Oβ, p-gp130, c-kit, scal-1, Runx1, ANP, and α-SM-actin

in the DCM group. (D) Statistical analysis of western blot results. *P < 0.05 vs. control group.
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Oβ, p-gp130 (ser782), dedifferentiation markers and typical fetal gene
proteins including c-kit, scal-1, Runx1, ANP, and α-SM-actin were de-
tected by western blot analysis (Fig. 2C). The expressions of OSM, Oβ,
c-kit, Runx1, and ANP were also detected by real-time PCR. Results
showed that the expressions of OSM, Oβ, p-gp130 (ser782), c-kit,
scal-1, Runx1, ANP, and α-SM-actin in the DCM group were much
higher than those in the control group (Figs. 1J and 2D; P < 0.05).

OSM treatment induced cardiac function impairment

and up-regulation of dedifferentiation-related markers

To investigate whether OSM treatment is sufficient to induce similar
changes of DCM in vivo, 6-month-old mice were treated with 60 ng
OSM per gram of body weight twice per day. After 14 days of treat-
ment, UCG (Fig. 3A) revealed that cardiac function was impaired as
evidenced by decreased LVEF (49.25% ± 3.75% vs. 70.07% ±
4.37%, P < 0.05) and FS (28.20%± 3.30% vs. 38.02%± 5.66%, P <
0.05) (Fig. 3D,E), while the LVEDV (87.18 ± 7.47 µl vs. 75.50 ± 8.23
µl, P < 0.05) and LVESV (40.09 ± 2.99 µl vs. 22.15 ± 4.32 µl, P < 0.05)
were increased (Fig. 3H) in the OSM group in comparison with the
control group. The ±LV dp/dt max were also decreased significantly
(+LV dp/dt max: 6949.2 ± 1257.6 mmHg/s vs. 11386.5 ± 1794.6
mmHg/s, P < 0.05; −LV dp/dt max: 3998.0 ± 1411.3 vs. 8125.6 ±
932.3 mmHg/s, P < 0.05) in the OSM group compared with the con-
trol group (Fig. 3F,G). Similar to the DCM mice, increased fibrosis
area (4.03% ± 0.53% vs. 1.11% ± 0.44%, P < 0.05) (Fig. 3C,I) and
mitochondria impairment (Fig. 3B) were also observed in the OSM-
treated mice. Moreover, immunofluorescence revealed increased

expressions of Runx1 and ANP in the OSM-treated mice (Fig. 4A,
B). The expressions of OSM, Oβ, c-kit, Runx1, and ANP were also
detected by real-time PCR and western blot analysis. Results demon-
strated the increased expressions of OSM,Oβ, and the increased phos-
phorylation level of gp130 at serine 782 in the OSM group. The
expressions of the progenitor cell markers including c-kit, scal-1,
Runx1, ANP, and α-SM-actin were also increased significantly in
the OSM group compared with the control group (Figs. 3J and 4C,
D; P < 0.05).

OSM receptor Oβ-knockout attenuated DCM injury and

abrogated OSM signaling pathway

The DCM model was constructed by Oβ+/+ mice (DCM group) and
Oβ-knockout (Oβ-KO) mice (DCM-Oβ−/− group). Oβ-KO mice in
the DCM-Oβ−/−+OSM group received additional OSM injection as
described above. Interestingly, the deletion of Oβ significantly attenu-
ated DCM injury. UCG (Fig. 5A) showed that the LVEF (69.82% ±
6.82% vs. 45.75%± 7.45%, P < 0.05) and the FS (43.50%± 5.22%
vs. 31.07%± 5.86%, P < 0.05) were increased (Fig. 5D,E), while the
LVEDV (58.17 ± 7.20 µl vs. 86.32 ± 6.01 µl, P < 0.05) and LVESV
(21.83 ± 4.49 µl vs. 39.07 ± 5.87 µl, P < 0.05) were decreased
(Fig. 5F) in the Oβ-KO group in comparison with the DCM group.
The ±LV dp/dt max (+LV dp/dt max: 11291.2 ± 1675.3 mmHg/s vs.
7082.4 ± 924.8 mmHg/s, P < 0.05) were also increased significantly
(Fig. 5G) in the DCM-Oβ−/− group compared with the DCM group.
The mitochondria impairment was relieved (Fig. 5B) and the fibrosis
area was decreased (6.066% ± 1.214% vs. 3.504% ± 0.532%,

Figure 3. OSM treatment induced cardiac function impairment (A) Echocardiography showed normal cardiac function in the control group and impaired cardiac

function in the OSM group. (B) TEM showed mitochondria impairment in the OSMmice (scale bar = 2 μm). (C) Sirius red staining showed increased fibrosis area in

the OSM group compared with the control group (magnification, ×400). (D–H) Statistic analysis of EF, FS, ±LV dp/dtmax, LVEDV, and LVESV. (I) Statistic analysis of

fibrosis area. (J) RT-PCR analysis of OSM, Oβ, c-kit, Runx1, and ANP in the DCM group relative to the control group. *P < 0.05 vs. control group.
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P < 0.05) (Fig. 5C,H) in the DCM-Oβ−/− group compared with the
DCM group. No expression of Runx1 and ANP was found in the
DCM-Oβ−/− group (Fig. 6A). Similarly, western blot analysis showed
that the deletion of OSM receptor Oβ significantly down-regulated the
expressions of Oβ, p-gp130, and the progenitor cell markers including
c-kit, scal-1, Runx1, ANP, and α-SM-actin (Fig. 6D–F; P < 0.05), and
real-time PCR results also showed the down-regulation of OSM, Oβ,
c-kit, Runx1, and ANP (Fig. 6B,C; P < 0.05). Furthermore, Oβ-KO
abolished the dedifferentiation effects of OSM in diabetic mice as
described above, indicating that OSM-mediated cardiomyocyte dedif-
ferentiation was involved in the progression DCM through OSM
receptor Oβ.

OSM induced cardiomyocyte dedifferentiation in DCM

by stimulation of the B-Raf/Mek/Erk cascade via its

receptor Oβ
OSMwas injected intoDCMmice andOβ-KODCMmice.Western blot
analysis (Fig. 7A–D; P < 0.05) demonstrated a marked decrease of Erk1/
2 phosphorylation together with strong down-regulation of the B-Raf,
Mek1/2, and the progenitor cell markers c-kit, scal-1, and dedifferenti-
ation markers Runx1, ANP, and α-SM-actin in Oβ-KO DCM mice.
Real-time PCR showed the down-regulation of OSM, Oβ, c-kit,
Runx1, and ANP (Fig. 7E–G; P < 0.05), indicating that the B-Raf/
Mek/Erk cascade might play an important role in the OSM-mediated
cardiomyocyte dedifferentiation. TheMek1/2 inhibitorUO126pretreat-
ment of Oβ+/+ mice abolished the effects of OSM on cardiomyocyte de-
differentiation in DCM, as evidenced by decreased expressions of B-Raf,

Mek1/2, Erk1/2 phosphorylation and the progenitor cell markers c-kit,
scal-1, Runx1, ANP, and α-SM-actin (Fig. 7A–D; P < 0.05).

Discussion

DCM is defined as the structural and functional changes in the myo-
cardium associated with diabetes in the absence of ischemic heart dis-
eases or other cardiac pathologies [3]. Although several decades have
passed since DCMwas first reported, the pathogenesis and underlying
mechanisms were not fully understood. Risk factors of DCM include a
high fat diet/obesity, cardiovascular autonomic neuropathy, inflam-
mation, and elevated levels of free fatty acid, advanced glycation end
products with their receptors, and reactive oxygen species [3]. Recent
studies have revealed that differential expression of miRNAs [19,20]
and stem cell survival and differentiation [21] might play roles in the
progression of DCM. In addition, dedifferentiation of cardiomyocyte
was reported to be seen in ischemic hearts and probably participated
in heart remodeling after injury [6,22,23]. Huang et al. [24] reported
that myocardial remodeling in DCMwas associated with cardiac mast
cell activation. Jopling et al. [25] observed heart regeneration induced
by cardiomyocyte dedifferentiation and proliferation in zebrafish.
Tsyplenkova et al. [26] reported that cardiomyocyte dedifferentiation
might be a new target for the development of DCM, indicating that
cardiomyocyte dedifferentiation might participate in the progression
of DCM. Modulating the extent of cardiomyocyte dedifferentiation
might provide some clues to the treatment of DCM.

OSM, an inflammatory cytokine of the IL-6 family, exerts multiple
functions such as induction of dedifferentiation of adipocytes [12] and

Figure 4. OSM treatment induced up-regulation of dedifferentiation-related markers (A,B) Fluorescent immunostaining of Runx1 and ANP expression (red) of

cardiomyocytes (green) (scale bar = 30 μm). (C) Western blot analysis showed increased expression of OSM, Oβ, p-gp130, c-kit, scal-1, Runx1, ANP, and

α-SM-actin in the OSM group in comparison with the control group. (D) Statistical analysis of western blot results. *P < 0.05 vs. control group.
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maintenance of megakaryocyte and erythroid progenitor pools [27].
In the heart, members of this family have so far been mostly associated
with cardiac hypertrophy and cardiomyocyte survival due to activa-
tion of the common co-receptor gp130 [28]. Hohensinner et al. [29]
has reported that OSM might play a key role in cardiac regeneration
via the induction of SDF-1. Additionally, OSM could initiate cardio-
myocyte dedifferentiation both in vivo and in vitro [30]. Previous stud-
ies have shown that OSM-mediated cardiomyocyte dedifferentiation
protected the heart after acute myocardial damage, but promoted
functional deterioration upon chronic activation in dilative cardiomy-
opathy [10]. Our results revealed that mice with DCM exhibited dete-
riorated cardiac function as evidenced by echocardiography and
hemodynamic evaluation. Increased cardiac fibrosis and cardiac ultra-
structure impairmentwere also found in theDCMgroup. The expressions
of Runx1 and ANP, two dedifferentiation markers of cardiomyocyte,
were significantly increased in the DCMgroup. The expressions of typical
fetal genes, including c-kit, scal-1, and α-SM-actin, were increased in the
DCM group, indicating that cardiomyocyte dedifferentiation may involve
in the development of DCM. Furthermore, DCMmice also exhibited in-
creased expressions of OSM and Oβ.

We were also interested in whether OSM treatment can mimic the
pathological changes of DCM. As expected, OSM treatment induced
similar cardiac dysfunction and increased cardiac fibrosis and

mitochondria impairment as DCM. The expressions of dedifferenti-
ation markers (Runx1 and ANP) and typical fetal genes expressions
were also increased in the OSM-treated group, indicating that OSM
might play an important role in the progression of the DCM, possibly
via initiating cardiomyocyte dedifferentiation, and that modulating
OSM expression may attenuate cardiac function impairment, mito-
chondria injury and relieve fibrosis extent.

As murine OSM binds exclusively to Type II receptor, OSM recep-
tor Oβ-KO mice were constructed to further test whether cardiomyo-
cyte dedifferentiation in DCM is initiated by OSM through OSM
receptor Oβ. Our results clearly showed that OSM receptor deletion
alleviated DCM injury as evidenced by improved cardiac function, de-
creased cardiac fibrosis area, and relieved mitochondrial impairment,
indicating that cardiomyocyte dedifferentiation critically depended on
OSM signaling under DCM conditions. OSM administration in
Oβ-KO mice did not induce increased expressions of dedifferentiation
markers and typical fetal genes as noticed in the Oβ+/+ mice. Thus, the
correlation of OSM/Oβ signaling, cardiomyocyte dedifferentiation,
and development of DCM suggested a decisive role of OSM in these
events.

However, the signaling pathways that might mediate OSM signal-
ing in the progression of DCM have not been fully delineated. OSM
downstream signaling events include the activation of p38,

Figure 5. OSM receptor Oβ knockout (Oβ-KO) attenuated DCM injury (A) Representative images as evaluated by echocardiography. (B) TEM showed relieved

mitochondria impairment in the DCM-Oβ−/− group and OSM could no longer lead to mitochondria impairment in DCM-Oβ−/− group mice (scale bar = 2 μm). (C)

Sirius red staining showed decreased fibrosis area in the DCM-Oβ−/− group compared with the DCM group, and no increased fibrosis area was detected in the

DCM-Oβ−/− +OSM group (magnification, ×400). (D–G) Statistical analysis of EF, FS, ±LV dp/dt max, LVEDV and LVESV. (H) Statistical analysis of fibrosis area.

*P < 0.05 vs. DCM group.
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Figure 6. OSM receptor Oβ-KO abrogated OSM signaling pathway (A) Fluorescent immunostaining of Runx1 and ANP expression (red) of cardiomyocytes (green)

(scale bar = 30 μm). (B,C) RT-PCR analysis of mRNA expressions ofOSM,Oβ, c-kit, Runx1, and ANP. (D) Western blot analysis shows decreased expression of OSM,

Oβ, p-gp130, c-kit, scal-1, Runx1, ANP, and α-SM-actin in the DCM-Oβ−/− group and the DCM-Oβ−/− +OSM group. (E,F) Statistical analysis of western blot results.

*P < 0.05 vs. DCM group.

Figure 7. OSM induced cardiomyocyte dedifferentiation in DCM by stimulation of the B-Raf/Mek/Erk cascade via OSM receptor Oβ (A–D) Western blot analysis

showed decreased expressions of OSM, Oβ, B-Raf, p-Erk and the progenitor cell markers c-kit, scal-1, Runx1, ANP, and α-SM-actin relative to the DCM+OSM group,

and the UO126-treatment group showed decreased expression of B-Raf, p-Erk and the progenitor cell markers c-kit, scal-1, Runx1, ANP, and α-SM-actin relative to

the DCM+OSM group. (E-G) RT-PCR analysis of mRNA expressions of OSM, Oβ, c-kit, Runx1, and ANP. *P < 0.05 vs. DCM+OSM group.
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extracellular signal-regulated kinase 1/2, phosphatidylinositol
3-kinase, and janus kinase/signal transducer and activator of tran-
scription [11]. As B-Raf/Mek/Erk cascade is closely related to cell pro-
liferation, survival, differentiation, motility, and angiogenesis [31], we
believe that it might play a key role in DCM. Interestingly, we found
that OSM up-regulation was closely related to the activation of B-Raf/
Mek/Erk cascade, and knock out of OSM receptor Oβ abrogated the
effects of OSM on B-Raf/Mek/Erk signaling pathway. UO126, an in-
hibitor of Mek1/2, also abolished the effects of OSM through B-Raf/
Mek/Erk signaling pathway, indicating that OSM-mediated cardio-
myocyte differentiation and DCM development might be related to
the activation of B-Raf/Mek/Erk signaling pathway.

In summary, our study demonstrated that OSM-induced cardio-
myocyte dedifferentiation plays a crucial role in the progression of
DCM. The mechanism of OSM-induced cardiomyocyte dedifferenti-
ation is associated, at least in part, with B-Raf/Mek/Erk signaling
pathway through Oβ receptor. The findings of this study may provide
a new target for the further treatment of DCM.
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