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Abstract

Tanshinone IIA is a lipid-soluble pharmacologically active compound extracted from the
rhizome of Chinese herb Salvia miltiorrhiza, a well-known traditional Chinese medicine used for
the treatment of cardiovascular disorders. Previous studies have identified that tanshinone IIA
inhibited overexpression of miR-1 in hypoxic neonatal cardiomyocytes. This study was designed
to examine the effects of tanshinone IIA on miR-133 expression under hypoxic condition.
Neonatal rat cardiomyocytes were cultured in a hypoxic environment (2% O,+93% N,+5%
CO,) at 37°C for 24 hours. MTT, TUNEL assays, and Flow Cytometry (FCM) were performed to
identify cell apoptosis. Western blot was used to examine the expression of ERK1/2 and miR-
133 level was quantified by Real-time PCR. Our results showed that apoptosis was induced
by hypoxia. Typical apoptotic cells were seen by TUNEL assay, and FCM showed an apoptosis
rate of 13.32% in hypoxic group. Apoptosis rate in hypoxic cells was reduced significantly by
tanshinone ITA. In addition, the expression level of miR-133 was increased in hypoxic cells and
further upregulated by tanshinone IIA. The stress-activated protein kinase MAPK ERK1/2 was
activated by hypoxia and further increased with tanshinone IIA treatment. The present study
demonstrated that tanshinone IIA enhanced cell resistance to hypoxic insult by upregulating
miR-133 expression through activating MAPK ERK1/2 in neonatal cardiomyocytes.
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Introduction

MicroRNAs (miRNAs) are a family of endogenous small, noncoding RNAs, about 22
nucleotides in length. These molecules mediate post-transcriptional gene silencing by
annealing to inexactly complementary sequences in the 3’-untranslated regions of target
mRNAs [1]. As the key regulating player of gene expression, miRNAs are essential for
cardiac function, including conductance of electrical signals, heart muscle contraction,
development and morphogenesis. MiRNAs are also involved in proliferation and apoptosis
in cardiomyocytes, cardiac hypertrophy, and heart failure [2-4]. Among identified
mammalian miRNAs, muscle specific miRNAs (miR-1 and miR-133) are believed to be
important regulators of myogenesis [5]. Recent studies demonstrated that upregulation or
downregulation of either of them might influence the pathogenesis of cardiac diseases [6-
8]. MiR-133 was proved to control cardiac hypertrophy, regulate connective tissue growth
factor, and contribute to atrial remodeling in canines [4, 7, 9]. It also played an important role
in ischemic post-conditioning protection by regulating apoptosis-related genes, caspase-9
[10].

Tanshinone IIA is a lipid-soluble monomer derivative of phenanthrenequinone
extracted from the root of Salvia miltiorrhiza (Danshen). It has been shown to possess a
variety of biological activities in cardiovascular system, such as antioxidant, anticoagulant,
antiatherosclerosis, antiapoptosis, and antihypertrophy [11-15]. It was widely used for the
treatment of cardiovascular diseases for example coronary heart diseases. Accumulated
evidences suggested that tanshinone IIA reduced ischemic infarction area and improved
cardiac function [13, 16]. Furthermore, our previous work had identified that tanshinone
IIA protected cardiomyocytes by inhibiting elevated miR-1 expression during myocardial
infarction and hypoxia-ischemia [17]. It was further confirmed that downregulation of miR-
1 by tanshinone IIA was due to blocking cardiac p38 MAPK [18]. Yang et al. also reported
that sodium tanshinone IIA sulfonate protected cardiomyocytes against oxidative stress-
mediated apoptosis through inhibiting JNK activation [15]. However, it remains unclear
whether tanshinone I1A regulates miR-133 level under hypoxic condition.

ERK (extracellular signal regulated kinase), an important mitogen-activated protein
kinase (MAPK) family member, regulates cell proliferation and differentiation. Activated
ERK1/2MAPKinasetranslocatestothenucleusandactivatestranscriptionby phosphorylation
of transcription factors such as SRF (Serum response factor) and c-fos [19]. Hypoxia activates
certain signaling pathways (MAPK ERK) in heart, and induces gene expression, such as
hypoxia-inducible factor 1 (HIF-1) which activates transcription of genes [20]. Hypoxia
also induces apoptosis in cultured neonatal rat cardiomyocytes and cardiac fibroblasts [21,
22]. The ERK1/2 signaling pathway has been implicated as a survival signaling pathway in
response to ischemia/reperfusion [23, 24]. Inhibition of ERK1/2 signaling pathway could
increase H,0,-induced apoptosis in cultured cardiomyocytes [25]. Although studies have
shown that stress or agonist-induced ERK1/2 activation has been associated with protection
against apoptosis, little is known about how the ERK1/2 signaling pathway is controling cell
apoptosis via miRNAs.

The present study was designed to investigate the effect of tanshinone IIA on hypoxia-
induced injury and the modulation of miR-133 via MAPK ERK1/2 signaling pathway in
cultured neonatal ventricular cardiomyocytes.

Materials and Methods

Drugs

Tanshinone 1A (purity 99%) was purchased from Xian Guanyu Bio-tech Co. Ltd, China. U0126, a highly
selective inhibitor of ERK1/2, was purchased from Sigma, USA. They were dissolved in dimethylsulphoxide
(DMSO0). The final concentration of DMSO did not exceed 0.1%.
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Isolation and culture of cardiomyocytes

Primary cultures of neonatal rat cardiomyocytes were prepared from 1 to 3-day-old Wistar rats by
trypsin as described previously [26, 27]. The ventricular myocardium was minced in DMEM (Dulbecco’s
Modified Eagle Medium, Hyclone, USA), which contains 25 mM D-glucose and 4 mM L-Glutamine. After each
of six successive 6 min incubation, the cells were suspended in DMEM containing 10% FBS (Fetal Bovine
Serum, Hyclone, USA) and centrifuged. Pooled cells were plated onto dishes at a density of 10° cells-cm2 and
incubated at 37°C in a humidified air with 5% CO, for 72 h, and 0.1 mM bromodeoxyuridine (Sigma, USA)
was added into the medium to deplete nonmyocytes. Before the experiment, the cells starved to serum-free
DMEM for another 24 h, and were then treated with various agents. Neonatal cardiomyocytes were cultured
under a condition of 5%CO0,-2%0,-93%N, for 24 h. Tanshinone 1A and U0126 were given 30 min preceding
hypoxia expose. The image data were analyzed with Image-Pro Plus software (Media. Cybernetic, USA).

MTT assay for cell viability

Cell Proliferation Kit I [3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide] (MTT) (Roche
Molecular Biochemicals, Laval, PQ, Canada) was used to quantify survival of cells suffering from hypoxic
injury or tanshinone IIA treatment. After trypan blue test, cells were plated at 10,000 cells per cm? in 96-
well plates. After 24 h different treatment, 20 pL of MTT solution was added to each well, and the cells were
incubated for 4 h at 37°C. The supernatants were removed, then the cell layer was dissolved with 150 pL
DMSO. The plate was placed on a shaker for 15 min for solubilization of crystals and then the optical density
of each well was determined at 490 nm using a Model 680 Microplate Reader (Bio-Rad, USA).

Terminal Deoxyribonucleotide Transferase-Mediated dUTP Nick End Labeling (TUNEL)

DNA fragmentation of individual cells was detected in situ by TUNEL with the In Situ Cell Death
Detection kit, (Roche Molecular Biochemicals, USA), following the manufacturer’s instructions. Briefly,
Dewax paraffin-embedded sections in xylene and rehydrate were carried out in graded ethanol series to
water. Permeabilization of tissue with 20 pg- mL* Proteinase K, and TUNEL labeling were done, as detailed
elsewhere [28].

Flow Cytometry

Cell apoptosis detection was performed by Flow Cytometry (FCM) analysis, using an “In Situ Cell Death
Detection” kit (BD PharMingen, USA) following the manufacturer’s instructions, as previously described [29].
Briefly, primary cultured cadiomyocytes were exposed to hypoxia for 24 hours with or without tanshinone
IIA treatment. The cardiomycytes were collected, washed twice with ice-cold PBS (137mM NacCl, 1.47 mM
KH,PO,,7.81 mM Na,HPO,, 2.68 mM KCl, PH 7.40, BSD, China), and then were suspended in 200 pL of binding
buffer (10x binding buffer 0.1 M Hepes, 1.4 M NaCl, 25 mM CaCl,, pH 7.4, BD Pharmingen, USA) and 10 pL of
Annexin V-FITC (BD Pharmingen, USA) for 15 minutes in the dark. Thereafter, 300 pL of binding buffer and
5 pL of propidium iodide (BD Pharmingen, USA) were added to each sample. Finally, the cells were analyzed
using BD Flow Cytometry (BD FACS Canto II, USA) with Cell Quest software (BD Biosciences, USA).

Quantitative Real-time PCR

Total RNA samples were extracted using Trizol (Invitrogen, USA) from cultural myocytes. miR-133 level
was quantified by the mirVana qRT-PCR (quantitative real-time PCR) miRNA Detection Kit (Ambion, USA) in
conjunction with real-time PCR with SYBR Green I (Applied Biosystems, USA), as described in detail [4, 8].
Reverse transcription primers for miR-133a was: 5’- GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACT
GGATACGACCAGCTG-3". The following primers were used for PCR detection: 5’- GGGTTTGGTCCCCTTCAA-
3’ (forward); 5’-AGTGCGTGTCGTGGAGTC-3’ (reverse). U6 was used as an internal control. The relative
expression of miR-133 was calculated and normalized to U6 using the comparative Ct method. Relative
expression intensity values were calculated as 2-*2Ct.

Western Blot Analysis

The membrane proteinsampleswere extracted from primary cultured neonatal rat ventricular myocytes
for immunoblotting analysis of ERK1/2 with the procedure as previously described [29]. The protein
content was determined with BCA Protein Assay Kit (Bio-Rad, Mississauga, ON, Canada). Equal amounts of
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Fig. 1. Tanshinone IIA protects neonatal rat ventricular cells (NRVCs) against hypoxia. (A) Morphological
manifestations of cultured neonatal rat cardiomyocytes (NRVCs) under conditions of normoxia (a), hypoxia
(b), and hypoxia with tanshinone IIA treatment (Tan) (c). (B) Tanshinone IIA increased cell viability in a
concentration - dependent manner. Cells were incubated under hypoxic condition. Tanshinone I1A was given
30 min preceding hypoxia exposure in different doses (0.1, 1, 10 pM). Cell viability was determined by MTT
assay. (C) Tanshinone I1A (10 pM) showed no cell toxicity (p > 0.05).

protein (60 nug) were loaded on a 10% SDS-PAGE gel. The lysates were resolved by electrophoresis (70 V for
30 min and 100 V for 1.5 h) and transferred onto NC membranes (nitrocellulose membrane, Bio-Rad, USA).
After blocking in 5% nonfat milk for 2 h at room temperature the NC membrane were treated with anti-
PERK1/2 or t-ERK1/2 (1:200, Cell Signaling Technology, USA). Next day, the NC membrane (nitrocellulose
membrane, Bio-Rad, USA) was washed in PBS for three times (15 min/each) and incubated for 1.5 h with
the fluorescence-conjugated anti-rabbit IgG (1:4000) in the blocking buffer. GAPDH (glyceraldehyde-3-
phosphate) was used as an internal control for equal input of protein samples. Both primary and secondary
antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Western blot bands were
quantified using Odyssey v1.2 software (Infrared Imaging System LI-COR Biosciences) by measuring the
band intensity (AreaxOD, Optical Density) for each group and normalized by GAPDH. The final results are
expressed as fold changes by normalizing the data to the control values.

Data Analysis

All data are presented as mean * SEM. There are more than two groups of continuous variables in this
study, so one-way analysis of variance ANOVA (Analysis Of Variance) followed by Bonferroni or Dunnett’s
post-hoc test was used for multiple comparisons. A two-tailed value of p<0.05 is considered statistically
significant difference. Data are analyzed using the GraphPad Prism 5.0 and SPSS 14.0.
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Fig. 2. Tanshinone IIA significantly decreases cell apoptosis induced by hypoxia in NRVCs. (A) Cell apoptosis
was assessed by TUNEL assay. Representative TUNEL staining of NRVCs shows no cell apoptosis (TUNEL-
negative) in normoxia group (a); notable cell apoptosis (TUNEL-positive, arrows) in hypoxia group (b);
and dramatically decreased apoptotic cell number in hypoxia with tanshinone IIA treatment group (c). (B)
Cell apoptosis was assessed by Flow Cytometry. The percentage of cells in each quadrant is indicated in the
quadrant (n=3). Q1 represents necrotic cells, Q2 represents late apoptotic cells, Q3 represents viable cell,
and Q4 represents early apoptotic cells. The experiment was performed in triplicate for three independent
times.

Results

Tanshinone I1A increases cell viability in hypoxic cardiomyocytes

Neonatal rat ventricular myocytes were cultured under hypoxic condition for 24 h. Cell
size was decreased obviously in hypoxia, but it was reversed with tanshinone IIA treatment
as shown in Fig. 1A. Moreover, the reduced cell viability caused by hypoxia was increased
with tanshinone IIA treatment in a concentration-dependent way (Fig. 1B). Even the maximal
dose of tanshinone IIA (10 uM) showed no cell toxicity (Fig. 1C).

Tanshinone IIA protects cell against apoptosis

TUNEL and Flow Cytometry were performed to examine apoptosis in hypoxic
cardiomyocytes with or without tanshinone IIA treatment for 24 h. TUNEL-positive cell
number induced by hypoxia was significantly reduced when hypoxic cells were treated with
tanshinone IIA (Fig. 2A). There was a significant increase in cell apoptosis caused by hypoxic
injury. Tanshinone I1A markedly decreased the apoptosis rate induced by hypoxia (Fig. 2B).

847

R

RGEF

A
N

i
i


http://dx.doi.org/10.1159%2F000341462

Ce||u|ar Phy5|0|08y Cell Physiol Biochem 2012;30:843-852

DOI: 10.1159/000341462 © 2012 S. Karger AG, Basel

and B|0Chem|stry Published online: August 10, 2012 www.karger.com/cpb

Zhang/Wu/Li et al.: Role of miR-133 in Myocardial Protection

Fig. 3. Tanshinone IIA enhances miR-133 level after
hypoxia. The effect of Tanshinone IIA on miR-133 4+ #
level was examined using Real-time PCR. Results are
expressed as fold changes compared with vehicle-
treated samples which was set as 1. Data are plotted
as the mean +S.E.M. *p < 0.05 vs. control; #p < 0.05
vs. hypoxia, n = 5.
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Fig. 4. Effect of Tanshinone IIA on phosphorylation-
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Cell apoptosis rate was raised to 13.32% from 3.83% in control group after 24 h hypoxia.
It was reduced to 3.43% in tanshinone IIA treatment group.

Tanshinone IIA upregulates miR-133 expression in hypoxic cells

Thelevel of miR-133 was detected by real-time RT-PCR assay. The expression of miR-133
was increased in hypoxic cardiomyocytes (2.48 fold vs control). But it was further elevated in
hypoxic cardiomyocytes treated with tanshinone IIA as shown in Fig. 3 (3.25 fold vs contro],
p<0.05).

Tanshinone IIA activates MAPK ERK1/2 signaling

To shed some lights on the potential mechanisms underlying the cytoprotective
effects, the effect of tanshinone IIA on MAPK signaling pathway was measured on hypoxic
cardiomyocytes. Under hypoxic condition, MAPK ERK1/2 was activated in cultured
cardiomyocytes. Interestingly, MAPK ERK1/2 was activated further in cells treated with
tanshinone IIA compared with hypoxic cells (Fig. 4).
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Fig. 5. The specific ERK1/2 Inhibitor, U0126,
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To make sure whether activated ERK1/2 could modulate miR-133, we used U0126,
the specific inhibitor of ERK1/2 to detect the change of miR-133 after hypoxia. Compared
with hypoxic cells, the level of miR-133 decreased significantly in cells treated with U0126
(P<0.05, Fig. 5A). Meanwhile, U0126 blocked the phosphorylation level of ERK1/2 induced
by hypoxia stimulation (P<0.05, Fig. 5B), which suggested that ERK1/2 may be involved in
the regulation of miR-133, which in turn plays a crucial role in protecting cardiomyocytes
against hypoxic injury.

Discussion

Cardiomyocytes apoptosis could be induced by hypoxia, myocardial infarction (MI),
ischemia-reperfusion (IR), or H,0, [22, 30, 31]. Previous evidence indicated that apoptosis
occurred in cardiovascular diseases and may be a risk factor in the development of MI and
heart failure [32]. In fact, hypoxia itself was sufficient to induce apoptosis in primary cultured
neonatal and adult cardiac myocytes, suggesting that decreased availability of oxygen could
be a proximate stimulus for myocyte apoptosis during ischemia [22].

Tanshione IIA is isolated from Traditional Chinese Medicine, Salvia militiorrhiza.
Itshowed cardioprotectiveactivity,and hasbeenwidelyusedinthetreatmentofcardiovascular
diseases, such as myocardial infarction, angina pectoris, et al. [17, 33]. Our previous studies
also showed that tanshinone IIA reversed cardiac potassium channel remodeling in post-
infarcted heart through depressing SRF-induced miR-1 overexpression [17]. Inhibition of
p38 MAPK by tanshinone IIA contributed to the downregulation of elevated expression of
miR-1 in ischemic and hypoxic cardiomyocytes [18]. Further study showed that tanshinone
[IA attenuated cardiomyocyte hypertrophy induced by isoprenaline through inhibiting
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Calcineurin/NFATc3 pathway [34]. On the other hand, tanshinone IIA was proved to protect
brain tissues against ischemic and hypoxic damage in vivo and in vitro by mediating brain iron
homeostasis [35]. These studies provide new insights into the pharmacological mechanism
of tanshinone IIA in cardiovascular diseases.

In this study, we found that cell viability was markedly reserved with pretreatment
of tanshinone IIA compared with that of the hypoxic cardiomyocyte. The expression of
miR-133 was increased during hypoxia, suggesting that a self-protection mechanism was
turned on when the cells underwent injury. It has been proved that miR-133a was involved
in the protection of myocardial ischemia by regulating members of the apoptosis-related
caspase-9 family [10]. Our results showed that tanshinone IIA upregulated miR-133 through
the MAPK ERK1/2 signaling pathway. When cardiomyocytes in hypoxic environment were
pretreated with U0126, no elevation of miR-133 has been observed. In addition, there were
no significant difference of the miR-133 level with and without tanshinone IIA treatment
under normoxia, so did U0126. Data were not shown.

Many signaling pathways convey apoptotic stimuli in cardiomyocytes [29]. Stress or
H,0, stimulation activates MAPKs and various intracellular target proteins, leading to
cardiomyocytes apoptosis, necrosis, and eventual heart dysfunction. Activation of JNK (c-
Jun N-terminal kinases), or p38 signaling pathway was regarded as a disadvantageous and
deleterious indicator in hypoxic cardiomyocytes, but the action of ERK1/2 was thought to
be beneficial [36]. JNK and p38 MAPK induce myocardial apoptosis in response to hypoxia
stimulation [32, 37]. However, ERK1/2 activation was enhanced in response to ischemia
preconditioning, which reduced cell death and resisted insults [38].

Our result showed that the MAPK ERK1/2 was activated by hypoxia and further
increased with tanshinone IIA treatment. The activation of ERK1/2 probably upregulates
miR-133 by some transcription factors, such as SRF. Accompanied with the higher level
of ERK1/2 expression, the level of miR-133 was also further increased in the hypoxic
cardiomyocytes with pretreatment of tanshinone IIA. Increased miR-133 may contribute
somewhat to antiapoptotic effect of tanshinone IIA, since miR-133 was reported to protect
cardiomyocytes against apoptosis by inhibiting caspase-9 [10].

Collectively, our study revealed a novel mechanism about the protective effect of
tanshinone IIA on cardiomyocytes. Tanshinone IIA enhanced the resistance to a hypoxic
insult through activation of ERK1/2, which subsequently upregulate miR-133 expression in
neonatal cardiomyocytes.
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