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Abstract. - OBJECTIVE: Transforming growth
factor beta 1 (TGF-B1) can promote myocyte hy-
pertrophy, thus playing an important role in ven-
tricular remodeling after myocardial infarction
(M1).

MATERIALS AND METHODS: In this study,
the model of MI was established in rats through
ligating the left anterior descending coronary
artery. Subsequently, the messenger ribonucle-
ic acid (mRNA) and protein expression levels of
TGF-B1 in myocardial cells in both model group
and sham operation group were determined.
The effects of TGF-p1 treatment on myocardi-
al cell apoptosis in Ml rats were explored. More-
over, the changes of mitogen-activated protein
kinase (MAPK) signaling pathway in rats with
acute MI were verified. In addition, the protein
expressions of phosphorylated-MAPK kinases
3/6 (p-MKK3/6) and MKK3/6 in myocardial cells
of the two groups were analyzed.

RESULTS: The mRNA and protein expression
levels of TGF-B1 in myocardial cells of acute MI
rats were significantly higher than those in the
sham operation group (p<0.01). After treatment
with TGF-B1, the expression level of B-cell lym-
phoma 2 (Bcl-2) associated X protein (Bax) was
obviously down-regulated. The Bax/Bcl-2 ra-
tio was notably lower than that in control group
(p<0.01). Meanwhile, the proportion of apoptotic
cells decreased remarkably (p<0.01). In the mod-
el group, no evident change was observed in the
protein expression level of MKK3/6, whereas the
levels of p-MKK3/6 were prominently up-regulat-
ed (p<0.01).

CONCLUSIONS: TGF-B1 can activate MKK3/6
in the MAPK signaling pathway to resist the
apoptosis of myocardial cells in acute MI rats.
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Introduction

Acute myocardial infarction (MI) has posed
enormous threats to human health, currently.
In America, there are about 550,000 new cases
of acute MI annually, with 200,000 cases of
recurrent acute MI'. Ischemic heart disease has
become a leading cause of disease burden?. With
the development of economy, the incidence rates
of cardiovascular diseases and acute MI are in-
creasing in developing countries’. In recent years,
studies* have suggested that the incidence rate of
acute MI is inversely proportional to incomes.

Transforming the growth factor-beta 1
(TGF-BI) is an important cell growth factor. It
exerts many biological effects, such as growth in-
hibition, bone remodeling, and incorporation into
extracellular matrix’. In the lung, the increase
in the bronchoalveolar lavage fluid is correlated
with the development of edema in a time-depen-
dent manner in the model of Bleomycin-induced
acute lung injury®. Additionally, in the adenovi-
rus-mediated gene delivery, the overexpression of
active TGF-B1 in lung tissues of rats induces the
initial-phase edema around the vessels and bron-
chi’. With the prolongation of time, the long-term
and severe pulmonary fibrosis developed due to
the persistent expression of this active factor’.
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Pittet et al® have provided the latest evidence for
the importance of TGF-BI in acute lung injury.
Meanwhile, some researchers have found that
the expression of chimeric TGF-B1 receptors that
prevent TGF-B1 from interacting with its recep-
tor can avoid the Bleomycin-induced pulmonary
edema®. All these findings reveal that TGF-fB1 has
an effect on the increase of vascular permeability
under such pathological conditions leading to
pulmonary edema and/or vascular injury.

After MI, TGF-PI1 is significantly up-regulat-
ed”™'®. It can also form a signal transduction net-
work with the renin-angiotensin system, thereby
promoting cardiac remodeling". TGF-B1 induces
the expression of fetal genes in myocardial cells
and activates the cardiac fibroblasts to produce
extracellular matrix proteins'’. With a heteromer-
ic complex of two serine-threonine kinase recep-
tors, TGF-P1 initiates the biological responses'.
Furthermore, it transduces signals to MKK3/6
and p38 MAPK, which are members of the mi-
togen-activated protein kinase (MAPK) kinase
family''2,

In the present study, we explored whether
TGF-B1 affected myocardial cell apoptosis in MI
rats via the MAPK signaling pathway based on
the acute MI rat model.

Materials and Methods

Materials

Xylazine hydrochloride was purchased from
Shenzhen ChemStrong Scientific Co., Ltd. (Shen-
zhou, China), 2, 3, 5-triphenyltetrazolium chlo-
ride from Solarbio (Beijing, China), RNeasy mini
kit from Qiagen (Hilden, Germany), SuperScript
III First-strand synthesis kit from Invitrogen
(Carlsbad, CA, USA), and the anti-TGF-B1 anti-
body, anti-B-cell lymphoma 2 (Bcl-2) antibody,
anti-Bcl-2 associated X protein (Bax) antibody,
anti-MKK3/6 antibodies, and anti-phosphorylat-
ed-MKK3/6 (p-MKK3/6) antibodies from Ab-
cam (Cambridge, MA, USA).

Establishment of Acute MI Model in Rats

The chest of rats was cut opened via anterior
thoracotomy to expose the heart. Subsequently,
the proximal left anterior descending coronary
artery was ligated using suture threads at about
2 mm away from the distal aorta. The regional
purpura on the surface of the myocardium was
observed to verify the success of ligation. Then,
the heart was replaced, and the incision was

closed. In the sham operation group, the chest
of the rats was opened using the same method,
without ligation of the coronary artery. MI area
and the ratio of heart weight/body weight were
determined to judge whether the model was
successfully established. This study was ap-
proved by the Animal Ethics Committee of the
Affiliated Hospital of Weifang Medical College
Animal Center.

Determination of Heart Weight/body
Weight Ratio and Ml Area

After anesthesia with xylazine hydrochloride
and execution through the injection of potassium
chloride, the heart of rats was taken out. Subse-
quently, the heart and body were weighed, and
the ratio was calculated. Next, the heart was sec-
tioned, embedded, and frozen for use. Finally, the
infarction area was determined via 2, 3, 5-triph-
enyltetrazolium chloride staining.

Reverse Transcription-Polymerase Chain
Reaction (RT-PCR)

To analyze the messenger ribonucleic acid
(mRNA) level of TGF-Bl1, the total RNA was
isolated from myocardial tissues using the RNesy
mini kit. The extracted RNA was then reverse
transcribed into complementary deoxyribo-
nucleic acid (cDNA) using the SuperScript III
First-strand synthesis kit. The mRNA expres-
sion level of genes was measured via RT-PCR.
After that, the standard curve was plotted using
the amplification results of cDNA recombinant
plasmids with known copy numbers. The cyclic
threshold (Ct) was determined, and the relative
level of mRNAs was calculated based on Ct val-
ue. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was used as an internal reference.
The primer sequences used in this study were as
follows: TGF-Bl primer: sense 5-TGAACCG-
GCCTTTCCTGCTTCTCATG-3" and anti-sense
5" TGAACCGGCCTTTCCTGCTTCTCATG-3'
and GAPDH primer: sense 5-GAGTCCACT-
GGCGTCTTCA-3' and anti-sense 5-GGGGT-
GCTAAGCAGTTGG-3'.

Western Blotting

The radioimmunoprecipitation assay (RIPA)
protein lysate (Beyotime, Shanghai, China) was
used to extract the total protein in heart tissues.
The concentration of the extracted protein was de-
termined by the bicinchoninic acid (BCA) meth-
od. The protein samples were electrophoresed on
polyacrylamide gels and transferred onto polyvi-
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nylidene difluoride (PVDF) membranes (Merck
Millipore, Billerica, MA, USA). After blocking
with 5% skimmed milk, the membranes were
incubated with anti-TGF-B1 antibody, anti-Bcl-2
antibody, anti-Bax antibody, anti-MKK3/6 anti-
bodies, and anti-p-MKK3/6 antibodies overnight.
On the next day, the membranes were incubated
with horseradish peroxidase-labeled secondary
antibodies. The immunoreactive bands were vi-
sualized using the enhanced chemiluminescence
(ECL) detection system.

Flow Cytometry

Cell apoptosis was determined using the flow
cytometry. The myocardial cells were isolated
and cultured until logarithmic phase. Then, the
cells were made into single-cell suspension and
inoculated into 6-well plates. After treatment
with TGF-f1, the cells were washed with Phos-
phate-Buffered Saline (PBS), followed by re-sus-
pension in 500 pL of annexin V binding buffer.
Subsequently, the cell suspension was added with
5 pL of annexin V-fluorescein isothiocyanate
(FITC) solution and 5 pL of Propidium Iodide
(PI) solution. The mixture was incubated in a
dark place at room temperature for 10 min. Fi-
nally, early cell apoptosis was evaluated by flow
cytometry.

Statistical Analysis

The Statistical Product and Service Solutions
(SPSS) 17.0 (SPSS Inc., Chicago, IL, USA) was
used for all statistical analyses. The experimen-
tal data were expressed asy£SD (standard de-
viation). The #-test was adopted to compare the
differences between the two groups. p<0.05 was
considered statistically significant.

Results

Establishment of Acute MI Rat Model

The model of MI was successfully established
in rats via ligating the left anterior descend-
ing coronary artery. The success of infarction
modeling was evaluated by the assessment of
heart weight/body weight ratio and infarction
area. The results showed that, compared with
the sham operation group, the model group
exhibited significantly elevated heart weight/
body weight ratio (p<0.05) (Figure 1A). Mean-
while, MI area was remarkably higher in the
model group than in the sham operation group
(p<0.01) (Figure 1B).

Expression of TGF-#1 in Myocardial Cells
in the Acute Ml Rat Model

The expression of TGF-f1 in myocardial cells
in both model group and sham operation group
was detected. QRT-PCR and Western blotting
results demonstrated that the mRNA and protein
expression levels of TGF-B1 in myocardial cells
of the model group were remarkably higher than
in the sham operation group (p<0.01) (Figure 2).

Influence of TGF-f1 on Myocardial Cell
Apoptosis in Acute MI Rats

To explore the influence of TGF-B1 on myo-
cardial cell apoptosis in acute MI rats, the
myocardial cells in the model group were treat-
ed with TGF-B1. The influences of TGF-f1 on
the cell pro-proliferation-related protein Bcl-2
and pro-apoptosis-related protein Bax were in-
vestigated. After treatment with TGF-B1, the
expression level of Bax significantly decreased,
while no evident changes were observed in Bcl
expression (Figures 3A and 3B). Decreased
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Figure 1. Heart weight/body weight ratio and infarction area. A, Heart weight/body weight (¥»<0.05, the differences are
significant), B, Proportion of infarction area (**p<0.01, the differences are extremely significant).
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Figure 2. Expression of TGF-B1 in myocardial cells in the acute M1 rat model. A, MRNA expression of TGF-B1 in myocardial
cells (**p<0.01, the differences are extremely significant), B, Protein expression of TGF-B1 in myocardial cells (**p<0.01, the

differences are extremely significant).
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Figure 3. Influence of TGF-f1 on myocardial cell apoptosis in acute MI rats. A, B, Expression levels of Bax and Bcl-2 after
treatment with TGF-f1 (¥p<0.05, the differences are significant), C, Ratio of the expression level of Bax to that of Bcl-2
(**p<0.01, the differences are extremely significant.), D, Cell apoptosis detected via flow cytometry (**p<0.01, the differences
are extremely significant).
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Bax/Bcl-2 ratio indicated the influence of
TGF-B1 on the proliferation and apoptosis of
the cells treated with TGF-B1. Higher ratio
indicated significantly stronger pro-apopto-
sis effect. Conversely, a lower ratio indicated
stronger pro-proliferation effect. In the present
study, the Bax/Bcl-2 ratio in the TGF-1 group
was notably lower than that of the control
group (Figure 3C). Therefore, it could be spec-
ulated that the treatment with TGF-1 exerted
an anti-apoptotic effect on the myocardial cells
in acute MI rats.

Flow cytometry results revealed that the treat-
ment of TGF-B1 significantly decreased the pro-
portion of apoptotic cells (p<0.01). The propor-
tion of apoptotic cells in the control group and
TGF-B1 group was (8.5 £ 0.9)% and (3.58 +
0.4)%, respectively (Figure 3D).

TGF-f1 Affected Acute MI Rats via
MAPK Signaling Pathway

Wau et al"® have revealed that the MAPK sig-
naling pathway is related to acute MI. There-
fore, in the present study, we corroborated
the changes in the MAPK signaling pathway
in acute MI rats. Meanwhile, the protein ex-
pressions of p-MMK3/6 and MKK3/6 in myo-
cardial cells in both model group and sham
operation group were analyzed (Figures 4A and
4B). The results discovered that no significant
changes were observed in the protein levels of
MKK3/6 in the model group, while p-MKK3/6
was remarkably elevated. These results sug-
gested that TGF-B1 activated MKK3/6 in the
MAPK signaling pathway.

Discussion

Our results revealed that compared with sh-
am operation group, the rats in the model group
had significantly up-regulated mRNA and protein
levels of TGF-B1 in the myocardium, as well as
significantly elevated levels of p-MKK3/6. There
seemed to be a cascade effect between these in-
creases. Our results suggested that the TGF-B1/
MAPK signaling pathway in myocardial cells in
the MI region was activated during acute MI.

TGF-B1, a locally produced cytokine, has been
considered as a leading cause of tissue fibrosis in
various organic systems'®. The research on acute
MI and pressure overload-induced MI models has
shown that the expression of TGF-B1 is up-regu-
lated in the myocardium, suggesting that TGF-p1
participates in myocardial cell hypertrophy and
fibrosis'®. Over-expression of TGF-f1 in transgen-
ic mice causes interstitial fibrosis and hypertro-
phic growth to myocardial cells'®. TGF-B1 is re-
sponsible for the up-regulation of fetal contractile
proteins in cultured neo-myocardial cells, such
as B-myosin heavy chain (B-MHC) and a-skel-
etal actin'”. However, little is known about the
signaling pathway in myocardial cells with TGF-
Bl-induced hypertrophy after acute MI. Previous
studies' have proved that the activated MKK3/6/
p38 MAPK signaling pathway induces the ex-
pression of genes encoding sarcomeric proteins,
which may also cause sarcomeric tissues in the
myocardial cells.

Chen et al” have demonstrated that TGF-p1
is able to activate canonical and non-canonical
signaling pathways to protect from myocardial
reperfusion injury after ischemia. TGF-B1 pro-
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Figure 4. Protein expressions of MKK3/6 and p-MKK3/6 in myocardial cells of the two groups ("p<0.05, the differences are

significant).
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motes myocardial cell proliferation and differen-
tiation into myofibroblasts®. At the heart level,
TGF-B1 exerts anti-apoptosis effects in vitro and
in vivo®. It has been proved that TGF-BI is ca-
pable of decreasing or inactivating some key
pro-apoptosis proteins, such as Bax and Caspase.
However, such a growth factor can induce an-
ti-apoptosis proteins, including Bcl-222. In the
present research, the treatment of TGF-f1 inhib-
ited the apoptosis of myocardial cells in acute MI
rats.

Zhang et al'? have reported that after pressure
overload, TGF-B-activated kinase 1 (TAKI) is
activated in myocardial cells. In transgenic mice
with activated TAK1, the ventricular hypertrophy
impairs systolic and diastolic functions. Com-
pared with control mice, the mRNA expression
level of B-MHC in model mice increases by 20
times. In this study, significantly up-regulated
mRNA level of B-MHC was observed in the acute
MI rat model. Endogenous TAK1 may help to
regulate the expression of B-MHC, thereby avoid-
ing thickening myocardial wall after MI. Al-
though initially separated as the target of TGF-p1,
TAKI1 can also be activated by interleukin-1 (IL-
1) or tumor necrosis factor-o (TNF-a)?. Since
the expressions of TNF-a and IL-1 are elevated
in the left ventricle after MI, the TNF-a or 1L-1
probably stimulates TAK1 in myocardial cells
during acute MI. However, the expression levels
of these cytokines have not been determined®.
As one of the most important responses in cardiac
remodeling, the activation of the TGF-f1/MAPK
pathway involves the progression of heart failure.
In this study, it was discovered that the level of
p-MKK3/6 was significantly down-regulated in
myocardial cells in the rats with acute MI. How-
ever, no evident change was observed in the total
level of MKK3/6. In this sense, the above results
are consistent with the literature indicating that
in ischemic myocardial cells, the activities of
MAPK and Akt are down-regulated®. However,
another research has shown that acute MI can in-
crease the activation levels of p-MKK3/6 and Akt
in myocardial cells*. Peterson et al*® have sug-
gested that, with the inhibitor PD, the reperfusion
aggravates injury in the heart of infarction rats.

Conclusions
In this study, we found that p-MKK3/6 could

repress cell apoptosis by several mechanisms,
including the inhibition of the capacity of the

pro-apoptosis protein Bax. Furthermore, our
findings suggested that the TGF-B1/MAPK sig-
naling pathway might serve as a novel treatment
target to inhibit ventricular remodeling after
acute ML
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