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Inhibitory effects of oxymatrine on TGF-p1-induced
proliferation and abnormal differentiation in rat cardiac
fibroblasts via the p3S8MAPK and ERK1/2 signaling pathways
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Abstract. Interstitial fibrosis serves a causal role in the
development of heart failure following acute and chronic
myocardial infarction, and anti-fibrotic therapy represents
a promising strategy to mitigate this pathological process.
Oxymatrine (OMT) exerts a number of pharmacological
effects on the cardiovascular system, but its anti-cardiovas-
cular disease mechanisms remain unclear. The purpose of the
present study was to investigate the effect of OMT admin-
istration on transforming growth factor (TGF)-p1-induced
cardiac fibroblast (CFB) proliferation and abnormal differen-
tiation, and to elucidate the underlying mechanisms. Primary
CFBs were isolated from neonatal rats and used for experi-
mental treatments. TGF-f1 stimulation in CFBs resulted in
increased proliferation, increased a-smooth muscle actin
(SMA) and type I and type III collagen expression, and
increased p38 mitogen-activated protein kinase (MAPK)
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and extracellular signal-regulated kinase (ERK)1/2 phos-
phorylation. Treatment with OMT and SB431542 (a TGF-p1
receptor inhibitor) attenuated the proliferation and abnormal
differentiation of CFBs induced by TGF-f1, and decreased
p38MAPK and ERK1/2 phosphorylation. In addition, treat-
ment with SB203580 (a p38MAPK inhibitor) or PD98059 (an
ERK1/2 inhibitor), but not by SP600125 (a c-jun N-terminal
kinasel/2/3 inhibitor), inhibited the TGF-p1 stimulated
CFB proliferation, as well as the elevation of a-SMA and
the deposition of type I and type III collagen, suggesting
that ERK1/2 and p38MAPK signaling may be important in
the in the process of myocardial fibrosis. In conclusion, the
present study revealed that OMT treatment inhibited CFB
proliferation and the CFB-myofibroblast transition induced
by TGF-f1, at least in part through inhibition of ERK1/2 and
p38MAPK signaling.

Introduction

Myocardial fibrosis is the result of fibroblast proliferation and
collagen deposition in various extracellular matrices, predom-
inantly in myocardial interstitial cells, leading to myocardial
tissue remodeling and causing cardiac diastolic and systolic
dysfunction (1). There are a number of contributing factors
to myocardial fibrosis, including increased pressure, immune
injury, ischemia and hyperglycemia; it frequently involves
the rennin-angiotensin-aldosterone system, the collagen
production and degradation systems, apoptosis, inflamma-
tion, and a variety of cardiovascular active substances and
cytokines (2). Myocardial fibrosis is a common pathological
result of numerous diseases, eventually leading to increased
myocardial stiffness (3), ventricular diastolic dysfunction,
decreased coronary flow reserve, ventricular arrhythmia or
sudden death (4). Therefore, investigation of the pathological
characteristics and pathogenesis of myocardial fibrosis, and
the identification of novel drugs with anti-myocardial fibrosis
effects, is of importance for the prevention of severe clinical
cardiovascular events.

Transforming growth factor (TGF)-f1 has been identi-
fied to be a pleiotropic multifunctional peptide (5). TGF-f31
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exerts effects on a number of different types of cells, and is
involved in various biological processes, including within the
cardiovascular system; it primarily regulates the transformed
phenotype of fibroblasts, and promotes the synthesis of collagen
and fibrosis. TGF-pB1 additionally induces the synthesis of
endothelial nitric oxide and endothelin-1, and influences
the barrier function of endothelial cells in vivo and in vitro.
TGF-f1 inhibits matrix metalloproteinase activity, induces the
synthesis of tissue inhibitor of metalloproteases (which inhibits
extracellular matrix degradation), and regulates the extracel-
lular matrix (6). TGF-P1 is involved in the regulation of various
biological processes and upstream signal transduction pathways,
and directly stimulates the proliferation of cardiac fibroblasts
(CFBs) (7). Therefore, TGF-f1 is the common pathway of
many factors inducing myocardial fibrosis. Numerous studies
have confirmed that TGF-f31 may be the predominant stimula-
tory cytokine involved in exogenous and endogenous tissue
fibrosis (8-10). A previous study demonstrated that TGF-f1
was able to induce the activation of reactive oxygen species
(ROS), and activate the downstream signaling pathways p38
mitogen-activated protein kinase (MAPK) and extracellular
signal-regulated kinase (ERK)1/2 (11).

Oxymatrine (OMT) is one of the main bioactive ingredients
of Kushen (Radix Sophorae), which is a traditional Chinese
herbal medicine made from the dried root of Sophora flaves-
cens Ait. Previous studies have demonstrated that OMT exhibits
diuretic, immune-modulatory, antiviral and anticancer effects,
and there is growing evidence that it may also regulate extra-
cellular matrix remodeling (ECMR) in a variety of organs,
tissues and cells, including the liver, kidney and lung (12-14). A
previous study demonstrated that OMT may exhibit an inhibi-
tory effect on experimental myocardial fibrosis induced by acute
myocardial infarction (MI), and the associated TGF-3/SMAD
signaling pathway (15). A previous study demonstrated that
OMT attenuated fibrosis induced by acute lung injury in mice
and inhibited the phosphorylation of p38MAPK (16). OMT
decreased collagen production and deposition in rat hepatic
tissue fibrosis induced by carbon tetrachloride, involving the
p38MAPK signal pathway (17). The action of OMT against
myocardial fibrosis and the underlying mechanism remain
unclear. Therefore, the purpose of the present study was to inves-
tigate whether the inhibitory effect of OMT, a cardiovascular
drug with numerous pharmacological effects, on CFB prolifera-
tion is associated with the inhibition of the p38MAPK/ERK1/2
signaling cascades induced by TGF-31.

Materials and methods

Chemicals. OMT was purchased from Nanjing Zelang
Medical Technology Co., Ltd. (Nanjing, China). TGF-f31
was purchased from PeproTech, Inc. (Rocky Hill, NJ,
USA). p38MAPK inhibitor (SB203580), TGF-p1 receptor
inhibitor (SB431542), ERK1/2 inhibitor (PD98059) and c-jun
N-terminal kinase (JNK)1/2/3 inhibitor (SP600125) were
purchased from Sigma-Aldrich (Merck KGaA, Darmstadt,
Germany). All chemicals were obtained from Beijing Dingguo
Changsheng Biotechnology Co., Ltd. (Beijing, China).

Cell isolation and identification. The isolation of CFBs from
neonatal rats was performed according to a modified protocol
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as described previously (4,18). The present study was approved
by the Animal Care Welfare Committee of Guiyang Medical
University (Guiyang, China). The hearts of 1-3 day-old Sprague
Dawley rats (n=450; weight, 5-7 g; neonatal rats were used irre-
spective of gender; purchased from the Experimental Animal
Center of Guizhou Medical University, Guiyang, Guizhou,
China) were isolated and digested with 10 ml PBS (137 mM
NaCl, 2.7 mM KCI, 10 mM Na,HPO,, 2 mM KH,PO,;
pH 7.2-7.4), containing 0.08% trypsin (Beijing Solarbio Science
& Technology Co., Ltd., Beijing, China) for 10 min at 37°C,
which was repeated 4-6 times. Following each digestion step, the
medium containing suspended cells was removed and an equal
volume of DMEM containing 10% fetal bovine serum (FBS;
Zhejiang Tianhang Biotechnology Co., Ltd., Zhejiang, China)
solution was added. Primary cultures of mouse cardiac stromal
cells were cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) supplemented with 20% FBS, penicillin (100 U/ml) and
streptomycin (100 U/ml; all Sigma-Aldrich; Merck KGaA) at
37°C in a humidified atmosphere of 5% CO,. The differential
adhesion method was used to separate out other cells (4,18), and
primary neonatal rat CFBs were used for subculture. CFBs of
the 2nd/3rd passage were used in the experiments. CFBs were
cultured in 6-well plates at 37°C in a humidified atmosphere of
5% CO, for 24 h and then fixed with ice-cold 4% paraformalde-
hyde for 30 min, followed by permeabilization with 0.1% Triton
X-100 at room temperature for 20 min. Immunocytochemical
staining was performed using the streptavidin peroxidase (SP)
combined with Immunohistochemical 3'-3'-diaminobenzidine
(DAB; ZSGB-BIO; OriGene Technologies, Inc., Beijing,
China) staining method (19). The primary antibody, rabbit
monoclonal anti-rat vimentin (Boster Biological Technology,
Pleasanton, CA, USA; cat. no. BM0135) was added at a dilution
of 1:500 and incubated with CFBs for 1 h at room temperature.
Following incubation, CFBs were washed 3 times with PBS and
then incubated with horseradish peroxidase (HRP)-conjugated
goat anti-rabbit IgG (ZSGB-BIO; OriGene Technologies, Inc.;
cat. no. 111589; used at the working dilution recommended by
the manufacturer) for 1 h at 37°C. This was followed by DAB
and hematoxylin staining for 10 sec at room temperature, then
observation under a light microscope (Leica DMi 1; Leica
Microsystems GmbH, Wetzlar, Germany). Cells were visual-
ized at x200 magnification and 5 fields of view were analyzed.

Proliferation inhibition experiment. Following incubation in
serum-free DMEM for 12 h, the cells (25,000 cells/well in a
96-well microtiter plate) were exposed to TGF-f1 (20 ng/ml)
alone for 24 h,or pretreated with SB203580 (1x10°M),PD98059
(1x105 M), SP600125 (1x10° M) or OMT [1.89x10* M
(low-dose; OMT-L), 3.78x10*M (medium-dose; OMT-M) or
7.56x10*M (high-dose; OMT-H)] for 1 h, prior to exposure
to TGF-p1 for 24 h. An MTT assay was used to evaluate cell
proliferation; 20 ul of 5 mg/ml MTT was added to each well
and incubated at 37°C for 4 h. The media was removed and
150 pl dimethyl sulfoxide was added to each well to dissolve
the formazan. Finally, the absorbance was measured at 490 nm
using a standard plate reader.

Immunocytochemical experiments. Anti-a-smooth muscle
actin (SMA) antibody (Boster Biological Technology; cat.
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no. BM0002) at a dilution of 1:500 was used for the immuno-
cytochemical experiments. The immunohistochemical SP and
DAB staining method (as described in the Cell isolation and
identification section) was used to observe the expression of
a-SMA in myofibroblasts, in order to evaluate the inhibitory
effect of the differentiation of CFBs to myofibroblasts (19).
Cells were visualized at x200 magnification and 5 fields of
view were analyzed.

Picrosirius red staining. CFBs from the 6-well plates were
plated on cover slides according to the grouping requirements,
following culturing, were washed 3 times with PBS, fixed with
4% paraformaldehyde at room temperature for 15 min, stained
with celestine blue liquid dye for 10 min, and with picrosirius
red liquid dye for 30 min. Hematoxylin was used as a nuclear
counterstain for 15 min. The cells were subjected to ethanol
dehydration and naturally dried, followed by observation under
an inverted microscope (magnification, x200). Type I collagen
was stained bright red or yellow, and type III collagen, located
around the type I collagen, was stained green.

Western blot analysis. Western blotting was used to measure
the protein expression levels of p3SMAPK, phosphorylated
(p)-p38MAPK, ERK1/2, p-ERK1/2, p-INK1/2/3, INK1/2/3,
a-SMA, type I collagen and type III collagen in CFBs.
Following treatments as described above, CFBs were washed
once in ice-cold PBS and lysed in radio immuno precipitation
lysis buffer containing 1% protease inhibitor cocktail (Beijing
Dingguo Changsheng Biotechnology Co., Ltd.) on ice. Protein
concentrations were assessed using a bicinchoninic acid assay
kit. Equal amounts of protein (50 ug/lane) were subjected to
SDS-PAGE on a 10% gel, transferred onto polyvinylidene
fluoride membranes using a Bio-Rad Western blot analysis appa-
ratus (Bio-Rad Laboratories, Inc., Hercules, CA, USA), and the
membranes were blocked in 5% non-fat dried milk in TBS with
Tween-20 (TBST) at room temperature for 2 h. The membranes
were subsequently incubated with polyclonal p38MAPK,
p-p3SMAPK, ERK1/2, p-ERK1/2, p-INK1/2/3 and JNK1/2/3
antibodies (1:1,000 dilution; ImmunoWay Biotechnology
Company, Plano, TX, USA; cat. nos. B1401, B1801, B2501,
B0001, B4301 and B4101, respectively), a-SMA antibody
(1:300; Boster Biological Technology; cat. no. BM0002), type
I collagen and type III collagen antibodies (1:500; Abcam,
Cambridge, UK; cat. nos. GR71249-7 and GR59128-1,
respectively) and f-actin antibody (1:7,000 dilution; Abcam,
Cambridge, UK cat. no. P68032) overnight at 4°C. Following
washing three times with TBST, the membranes were incu-
bated with the corresponding HRP-conjugated Affinipure goat
anti-rabbit secondary antibody (1:4,000; Bioworld Technology,
Inc., St. Louis Park, MN, USA; cat. no. SA00001-2) for 2 h at
room temperature, and the immunolabeled bands were visual-
ized using Pierce ECL western blot substrate (Thermo Fisher
Scientific, Inc.). Digital images of the blots were photographed
using a ChemiDoc XRS+ system and analyzed with Image
Lab™ Software, version 5.2 (Bio-Rad Laboratories, Inc.). The
results were normalized to those of (3-actin and the data from
three independent experiments was analyzed.

Statistical analysis. SPSS v13.0 statistical software (SPSS,
Inc., Chicago, IL, USA) was used for statistical analysis, which
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Figure 1. Identification of CFBs (magnification, x200). (A) Bright-field image
of the 2nd passage CFBs. (B) Representative image of negative control stained
cells (PBS was used instead of primary antibody). (C) Representative image
of cells stained with the anti-vimentin antibody. CFBs, cardiac fibroblasts.

included one-way analysis of variance followed by a Dunnett's
post hoc test (2-sided). P<0.05 was considered to indicate a
statistically significant difference. Data are expressed as the
mean + standard error of the mean. Each experiment was
performed in triplicate.

Results

Identification of primary CFBs.CFBs are flat and spindle-shaped
in myocardial tissue; compared with other types of cells,
CFBs are unique because they lack abasement membrane.
Vimentin, an intermediate filament protein, is an important
identifying biological marker of fibroblasts, which can be
stained via immunocytochemistry to display its filamentous
morphology. In the present study, primary CFBs were isolated
from neonatal rats and used at passages 2-3 for experiments.
In order to confirm that the isolated cells were indeed CFBs,
the immunohistochemical DAB staining method combined
with immunocytochemical SP staining was used for identifica-
tion of vimentin expression in CFBs. Anti-vimentin antibody
was used for the immunocytochemical experiments (Fig. 1).
Control-stained cells exhibited a blue-purple nucleus and no
yellow cytoplasmic staining (Fig. 1B). Isolated primary cells
stained with the anti-vimentin antibody exhibited a blue-purple
nucleus and a strong yellow cytoplasmic staining for vimentin
(Fig. 1C). As the majority of cells were positive for vimentin, the
present study successfully isolated primary CFBs.

Inhibitory effect of OMT on TGF-f1-induced CFB
proliferation. CFBs were stimulated with TGF-f31 alone or


https://www.spandidos-publications.com/10.3892/mmr.2017.7277

XU et al: OXYMATRINE INHIBITS RAT CARDIAC FIBROBLASTPROLIFERATION AND DIFFERENTIATION

5357

Table I. Inhibitory effect of OMT, SB203580, PD98059 and SP600125 on TGF-B1-induced cardiac fibroblast proliferation.

Experimental group Concentration 0D490 Rate of inhibition of cell proliferation (%)
Control - 0.343+0.007 -

TGF-31 20 ng/ml 0.369+0.013* -
TGF-B1+SB203580 1x10° M 0.318+0.015° 13.82
TGF-B1+PD98059 1x10° M 0.279+0.023° 24.39
TGF-14+SP600125 1x10° M 0.351+0.039 4.88

TGF-$1+OMT-L 1.89x10* M 0.347+0.025 5.96
TGF-$1+OMT-M 3.78x10* M 0.288+0.057° 21.95
TGF-$1+OMT-H 7.56x10* M 0.236+0.057° 36.04

Data are expressed as mean + standard error of the mean (n=3). “P<0.05 vs. control; *P<0.01 vs. TGF-31. OMT, oxymatrine; TGF-B1, trans-
forming growth factor-f1; OD, optical density; L, low-dose; M, medium-dose; H, high-dose.

following pretreatment with OMT or the specific inhibitors.
Then, the effect of each treatment group on CFB proliferation
was examined after 24 h. TGF-f1 stimulation induced a
significant increase in CFB proliferation compared with
control untreated cells (Table I). This TGF-f1-induced
increase was significantly inhibited by pretreatment with
the p38MAPK inhibitor SB203580, the ERK1/2 inhibitor
PD98059 and OMT (Table I); however, the INK1/2/3 inhibitor
SP600125 did not exert any apparent effect on TGF-f1 induced
proliferation (Table I).

Inhibitory effect of OMT on TGF-f1-induced a-SMA expres-
sion in CFB differentiation. o-SMA is a protein marker of
myofibroblasts. The differentiation from CFBs to myofibro-
blasts is promoted by TGF-f1 (20). The effect of OMT on the
expression of a-SMA induced by TGF-f1 was measured by
immunocytochemistry and western blot analysis. The results
of the immunocytochemistry experiment demonstrated that
the expression of a-SMA increased in the TGF-p1 treatment
group compared with the control group (Fig. 2). The expres-
sion of a-SMA in the OMT-H, SB203580, and PD98059
pretreatment groups was downregulated compared with the
TGF-f1 alone group (Fig. 2). The results of the western blot
analysis demonstrated that a-SMA protein expression levels
were significantly increased in the TGF-f1 group compared
with the control group (P<0.01; Fig. 3). Compared with the
TGF-f1 alone group, SB203580, PD98059 and OMT pretreat-
ment significantly inhibited the TGF-B1-induced a-SMA
upregulation in myofibroblasts, while SP600125 exerted no
significant effect on the expression of a-SMA (Fig. 3).

Effect of OMT on type I and type III collagen synthesis
following TGF-B1 stimulation. Synthesis and deposition of
collagen is an indicator of fibrosis, particularly type I collagen.
TGF-p1 binding with the corresponding TGF-f1 response
element has been demonstrated to activate procollagen
gene expression, including type I and type III collagen and
fibronectin, leading to myocardial fibrosis (1). Picrosirius red
staining and western blotting were used in the present study
to determine the deposition and expression, respectively, of
type I and type III collagen. The results of the picrosirius

Contral TGF-fi1

TGF-p1 + SB203580 TGF-j1 + PD98059

TGF-f1 + SP600125 TGF-p1 + OMT-L

TGF-fi1 + OMT-M TGF-p1 + OMT-H

Figure 2. Effects of TGF-f1, SB203580, PD98059, SP600125 and OMT
treatments on a-smooth muscle actin protein expression in myofibroblasts
examined by immunocytochemistry (magnification, x200). Cells were
treated with TGF-fB1 (20 ng/ml) for 24 h, with or without pretreatment with
SB203580 (1x10°M), PD98059 (1x10° M), SP600125 (1x10° M), or different
doses of OMT (L, 1.89x10*M; M, 3.78x10* M; or H, 7.56x10*M) for 1 h.
TGF-f1, transforming growth factor-pf1; OMT, oxymatrine; L, low-dose; M,
medium-dose; H, high-dose.

red staining demonstrated that the bright red/yellow staining
(type I collagen) inside the cells, as well as in the extracel-
lular space between the cells, increased in the TGF-f1 group



bﬁ SPANDIDOS
Z‘ PUBLICATIONS

25
2

1.5 "

L] "
1 =

u-SMA/B-actin

0.5

0
TGF-p1 - + + + + + + +

SB203580 - -+
PD98059 - - g +
SP600125 - = - o +
oMTL - - - - - +
OMTM - - - - - - +
OMT-H - - - - 5 e . +

Figure 3. Effects of TGF-f1, SB203580, PD98059, SP600125 and OMT on
a-SMA protein expression in myofibroblasts examined by western blotting.
Cells were treated with TGF-f1 (20 ng/ml) for 24 h, with or without pretreat-
ment with SB203580 (1x10° M), PD98059 (1x10° M), SP600125 (1x10~° M),
or different doses of OMT (L, 1.89x10*M; M, 3.78x10*M; or H, 7.56x10*
M) for 1 h. Data are expressed as the mean + standard error of the mean
(n=3). "P<0.01 vs. control; “P<0.01 vs. TGF-B1 group. TGF-f1, transforming
growth factor-p1; OMT, oxymatrine; a-SMA, a-smooth muscle actin; L,
low-dose; M, medium-dose; H, high-dose.

compared with the control, while the green staining (type I1I
collagen; pericellular membrane) was increased compared
with control, however, it was less overall than the red staining
(Fig. 4). Compared with the TGF-31 alone, the number of cells
in the OMT-L, OMT-M and OMT-H groups was reduced,
the intercellular space increased in size, and the amount of
bright red/yellow staining was decreased, indicating that OMT
pretreatment inhibited proliferation and collagen deposition
in CFBs (Fig. 4). Collagen deposition was also decreased
following pretreatment with p38SMAPK and ERK1/2 blocking
agents, while JNK1/2/3 inhibition had no effect (Fig. 4). The
results from the western blotting experiments confirmed the
immunocytochemistry results; OMT, SB203580 and PD98059
pretreatments significantly inhibited type I and type III
collagen protein expression levels compared with TGF-f31
alone (Fig. 5).

Effect of OMT pretreatment on p38MAPK, ERKI1/2 and
JNK1/2/3 phosphorylation. Western blot analysis revealed that
the protein expression levels of p-p38MAPK and p-ERK1/2
over total p38MAPK and total ERK1/2 levels, respectively,
were significantly increased in the TGF-f1 group compared
with control (P<0.01; Figs. 6 and 7, respectively). Pretreatment
with SB431542, SB203580, PD98059 or different concentra-
tions of OMT were able to decrease p38MAPK and ERK1/2
phosphorylation levels compared with the TGF-p1 alone
group (P<0.01; Figs. 6 and 7, respectively). Compared with the
TGF-p1+SB431542 group, p-p38MAPK protein expression
exhibited no significant difference in the TGF-$1+SB203580
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Control TGF-fi1

TGF-p1 + SB203580 TGF-p1 + PD98059

TGF-p1 + SP600125

TGF-f1 + OMT-L

TGF-p1 + OMT-M

Figure 4. Effects of TGF-f1, SB203580, PD98059, SP600125 and OMT on
type I and type III collagen deposition in CFBs (magnification, x200). Cells
were treated with TGF-f1 (20 ng/ml) for 24 h, with or without pretreatment
with SB203580 (1x10> M), PD98059 (1x10° M), SP600125 (1x10° M), or
different doses of OMT (L, 1.89x10*M; M, 3.78x10*M; or H, 7.56x10* M)
for 1 h. TGF-1, transforming growth factor-f1; OMT, oxymatrine; CFBs,
cardiac fibroblasts.

group (Fig.6). Similarly, compared with the TGF-1+SB431542
group, p-ERK1/2 protein expression exhibited no significant
difference in the TGF-f3,+PD98059 group (Fig. 7). Overall,
these results indicated that OMT pretreatment significantly
inhibited the TGF-p1-induced upregulation of the active
forms of p38MAPK and ERK1/2 in CFBs (p-p38MAPK and
p-ERK1/2, respectively), while exhibiting no effect on the total
p38MAPK and ERK1/2 expression.

As far as the JNK pathway is concerned, JNK1/2/3
phosphorylation in the TGF-B1 group was not significantly
altered compared with control (Fig. 8), indicating that
TGF-f1 did not activate JNK1/2/3 signaling. In addition, the
TGF-p1+SP600125 and TGF-f1+OMT groups exhibited no
difference in p-JNK levels compared with control, suggesting
that JNK signaling is not involved in the effects of TGF-f1 and
OMT in CFBs (Fig. 8).

Discussion

In the early stages, fibrosis following MI is an integral
component of the reparative process, maintaining the struc-
tural integrity of the necrotic area through the formation
of a connective tissue scar. However, in the long term, the
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Figure 5. Effects of TGF-$1, SB203580, PD98059, SP600125 and OMT on (A) type I and (B) type III collagen protein expression in CFBs as examined by
western blotting. Data are expressed as the mean + standard error of the mean (n=3). "P<0.01 vs. control; “P<0.01 vs. TGF-B1 group. TGF-f1, transforming
growth factor-f1; OMT, oxymatrine; CFBs, cardiac fibroblasts; Coll I, type I collagen; Coll III, type III collagen; L, low-dose; M, medium-dose; H, high-dose.
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Figure 6. Effects of TGF-p1, SB431542, SB203580 and OMT on p38
mitogen-activated protein kinase phosphorylation in CFBs. Representative
western blot images and quantification are shown. Data are expressed as the
mean expression relative to control + standard error of the mean (n=3). #P<0.01
vs. control; “P<0.01 vs. TGF-B1 group. TGF-f1, transforming growth factor-f1;
OMT, oxymatrine; CFBs, cardiac fibroblasts; p-, phosphorylated; p38, p38
mitogen-activated protein kinase; L, low-dose; M, medium-dose; H, high-dose.

continuous remodeling of the infarct left ventricle may lead
to progressive ventricular dilatation, decreased cardiac perfor-
mance and chronic heart failure (21,22). During fibrosis, the
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Figure 7. Effects of TGF-f1, SB431542, PD98059 and OMT on ERK1/2 phos-
phorylation in CFBs. Representative western blot images and quantification are
shown. Data are expressed as the mean expression relative to control + stan-
dard error of the mean (n=3). “P<0.01 vs. control; “P<0.01 vs. TGF-B1 group.
TGF-f1, transforming growth factor-f1; OMT, oxymatrine; ERK1/2, extracel-
lular signal-regulated kinase 1/2; CFBs, cardiac fibroblasts; p-, phosphorylated;
L, low-dose; M, medium-dose; H, high-dose.

accumulation of collagenous material remote from the site of
the infarction contributes the decrease in myocardial elasticity
and impaired contractility.
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TGF-B1 is an important signaling molecule that induces
cardiac fibrosis by activating the proliferation and collagen
production of CFBs (23). Previous studies have investigated
TGF-B-induced ECMR and fibrosis in various diseases,
including CFB-myofibroblast transition (24-26). A number
of lines of evidence suggest a role for excessive TGF-f31
signaling in the pathogenesis of maladaptive remodeling and
fibrosis. TGF-f1 binds to receptors and induces a number of
responses, including the upregulation of mesenchymal-associ-
ated proteins, such as collagen and a-SMA (27). The TGF-
signaling pathways include the Smad signaling pathway and
the atypical Smad signaling pathway (20,28). In a rat model of
experimental myocardial fibrosis, the mRNA expression of the
TGF-p1 receptor, and Smad-2, -3 and -4 increased; however,
the mRNA expression of Smad-7 was markedly decreased (29).
TGF-p1 signal transduction additionally activates the intracel-
lular MAPK signaling pathways (ERK1/2, p38MAPK and
JNK1/2/3 being the three main branches of the stress-induced
activation of the MAPK system), which has been demonstrated
to serve an important role in the pathogenesis of cardiac
fibrosis (30). The administration of a pP38MAPK inhibitor to
long-term MI rats resulted in suppressed interstitial fibrosis
and improved cardiac function (31). The MAPK signaling
pathway is involved in the CFB to myofibroblast transition
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process, and activated myofibroblasts secrete collagen, which
is associated with the process of myocardial fibrosis (32).
The balance between collagen synthesis and degradation
following tissue injury, as occurs during MI, is regulated by
myofibroblasts (33). Myofibroblasts predominantly originate
from CFBs, and respond to mechanical stress, ischemia, and
autocrine and paracrine factors, including TGF-p1, angiotensin
II and pro-inflammatory cytokines, by increasing the synthesis
and deposition of extracellular matrix proteins to replace the
necrotic myocardium with a scar (1,34). The most typical
feature of myofibroblasts is the novel formation and deployment
of stress fibers, the expression of smooth muscle genes, such
as a-SMA, and collagen synthesis and deposition. Although
myofibroblasts are required to stabilize the infarcted area
and promote scar tissue contraction, their persistence maybe
associated with abnormal myocardial stiffness and impairment
of ventricular function (35). Accordingly, identification of the
factors and the underlying mechanisms may lead to prevention
of myofibroblast generation, and defining their molecular targets
may be important for the design of therapeutic strategies aimed
at inhibiting excessive left ventricular stiffness following MI.
a-SMA is a protein marker of myofibroblasts; the differentiation
of CFBs to myofibroblasts is promoted by TGF-f1, cytokines,
the extracellular matrix and other growth factors (36). TGF-3
linducesthe differentiation of CFBs into myofibroblasts,
altering the homeostasis of the extracellular matrix, which
increases the synthesis and deposition of collagen protein and
the expression of a-SMA (19). It has been reported that TGF-f1
may activate the MAPK signaling cascades, increase collagen
protein deposition and increase a-SMA expression via a posi-
tive feedback regulatory mechanism, which may facilitate
myocardial fibrosis during myocardial remodeling (20,37).
The results of the present study demonstrated that SB203580
(a p38MAPK inhibitor), PD98059 (an ERK1/2 inhibitor)
and OMT were able to decrease a-SMA generation and the
deposition of type I and type III in TGF-p1-induced CFBs.
MAPK signaling may be affected by cytokines, inflammation,
growth factors and oxidative stress. A previous study reported
that TGF-1 may induce ROS generation via oxidative stress
reactions which, in turn, activate the p3SMAPK and ERK1/2
signaling pathways; ROS, ERK1/2 and p38MAPK molecules
are involved in myocardial fibrosis formation (38). The present
study further demonstrated that TGF-f1-induced myocardial
fibrosis may be predominantly mediated by the phosphoryla-
tion of p38MAPK and ERK1/2.

OMT has been used for the clinical treatment of viral
hepatitis and liver fibrosis in China, and a number of studies
have confirmed that it exerts beneficial effects on the cardio-
vascular system, particularly anti-arrhythmic effects (39,40).
Previous studies demonstrated that OMT exerts a positive
effect on ventricular remodeling following acute MI, which is
associated with the expression of TGF-f1 (15), and that OMT
was able to decrease the mRNA expression of TGF-B1 and
the TGF-f receptor, which may activate the MAPK signaling
pathway. Xiao et al (41) reported that OMT exerted a protec-
tive effect against aldosterone-mediated cardiomyocyte injury.
Fu et al (4) reported that OMT exerted an inhibitive effect
against aldosterone-induced rat cardiac fibroblast proliferation
and differentiation by attenuating Smad-2, -3 and -4 expression.
As demonstrated by a study of OMT on improving ventricular
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remodeling, OMT may decrease interstitial and perivascular
collagen deposition and inhibit the expression of TGF-31, and
the phosphorylation of p38MAPK, INK and ERK1/2, in sponta-
neous hypertensive rats (42). The present study demonstrated that
OMT pretreatment decreased the TGF-31-induced expression
of p-p38MAPK and p-ERK1/2 in CFBs, although it exerted no
apparent effect on the phosphorylation of JNK1/2/3. In addition,
the results from the western blot analysis verified that SB203580
and PD98059 pretreatments also decreased p-p38MAPK and
ERK1/2 expression in TGF-fl-induced CFBs. It may be
hypothesized that TGF-f31 binds to the TGF-B1 receptor, which
in turn activates ROS, stimulating increased phosphorylation of
p38MAPK and ERK1/2, and leading to CFB proliferation and
abnormal differentiation; however, the enhanced phosphoryla-
tion of p38MAPK and ERK1/2 in cultured CFBs challenged by
TGF-B1 was inhibited by treatment with OMT.

The current results demonstrated that OMT inhibited
proliferation, a-SMA expression and type I and type III
collagen deposition induced by TGF-f1 stimulation in CFBs.
On a molecular level, OMT pretreatment inhibited the phos-
phorylation of p38MAPK and ERK1/2 induced by TGF-f1
in CFBs. Therefore, the present study indicated that OMT
may prevent CFB proliferation and abnormal differentia-
tion by decreasing TGF-f1-induced p38MAPK and ERK1/2
activation, and thereby reversing the process of myocardial
fibrosis.
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