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Abstract

In human cervical cancer cells pro-apoptotic effect of tanshinone IIA isolated
from the ethanol extract of Scutellaria barbata was investigated. Tanshinone
ITA treatment resulted in apoptosis and mitochondrial membrane potential
loss in the cervical cancer cells. The viability of SW756 and C4-1 cells was
reduced in a concentration dependent manner on treatment with tanshinone
ITA for 36 hours. Flow cytometric analysis in SW756 cells showed marked
increase in accumulation of sub-Gl-phase cell population. Tanshinone IIA
treatment also caused significant increase in DNA fragmentation in these
cells. DAPI staining revealed significant increase in nuclear condensation and
apoptotic body formation on tanshinone IIA treatment in SW756 cells
However, the effect of tanshinone IIA was reversed by caspase inhibitor, z-
VAD-fmk. In tanshinone ITA treated cells Akt phosphorylation was markedly
reduced and this decrease was inhibited by LY294002 (phosphatidylinositol-
3'-kinase inhibitor). Tanshinone ITA treated apoptotic cells exhibited decrease
in expression of Mcl-1. Thus tanshinone ITA induces apoptosis in cervical
cancer cells through mitochondrial pathway.

Introduction

Williams and Smith, 1993; Wyllie et al., 1980). Apop-
tosis induces release of some proteins like cytochrome c

Cervical cancer is a commonly observed cancer in the
females throughout the world with around 290,000
deaths every year (Saslow et al., 2007). Contraction of
human papillomavirus (HPV) is the major risk inducing
factor found in all the cervical cancer patients (Steben
and Duarte, 2007). Cervical cancer if detected at the
early stage using regular Pap tests makes treatment
favorable compared to late stage cancer (Long, 2007;
Brinkman et al., 2005).

Currently used cervical cancer treatment strategies
include radiation and chemotherapy along with the
herbal remedies (Leitao and Chi, 2002; Yang, et al,
2014). Apoptosis is induced by the activation of
enzymes known as caspases which cleave essential
proteins producing changes in the morphological
characteristics of the cells (Cohen, 1993; White, 1996;

from mitochondria into the cytosol inducing pro-
apoptotic functions. In cytoplasm, cytochrome c binds
to the adaptor protein, Apaf-1 causing its oligomeri-
zation and caspase activation (Danial and Korsmeyer,
2004).

One of the anti-apoptotic Bcl-2 homologues is Mcl-1
which binds to subset of BH3 domain-only proteins
(Chen et al., 2005; Kuwana et al., 2005). Mcl-1 is also
reported to inhibit apoptosis after UV irradiation
(Nijhawan et al., 2003). In the present study, we investi-
gated the potential therapeutic effects of tanshinone IIA
in human cervical cancer. It was observed that tanshi-
none ITA induces death in cervical cancer cells through
the mitochondrial apoptotic pathway. The pathway is
mediated by inactivating Akt and decreasing Mcl-1
expression.
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The plants belonging to Scutellaria genus have a long
traditional importance of possessing potential anti-
cancer activity. Some of the flavonoids isolated from the
plant extract of this genus include apigenin, baicalein,
baicalin, chrysin, scutellarein, and wogonin. All of these
molecules exhibit anti-tumor activity. It is reported that
the leaf extracts of Scutellaria angulosa, Scutellaria
integrifolia, Scutellaria ocmulgee and Scutellaria scandens
show potent anticancer activity (Parajuli et al., 2009).
Recently the ethanol extract of Scutellaria barbata was
shown to significantly reduce the growth of A549 cells
with an ICsp value of 0.2 mg/mL (Yin et al., 2004).
Another, constituent tanshinone IIA exhibits potential
anticancer activity against breast cancers. It exhibits its
effect by inducing apoptosis, inhibiting cell
proliferation, transcriptional regulation, angiogenesis,
invasive potential and metastatic potential of cancer
cells (Wang et al., 2005). Tanshinone IIA has been
shown to exhibit anticancer effects both in vitro and in
vivo (Lee et al., 2008). Other species of Scutellaria like S.
baicalensis, S. litwinowii etc. also act as potent anticancer
agents in various in vitro as well as in vivo models (Ye et
al.,, 2002; Katiyar et al., 1997).

Materials and Methods

Cell lines and culture: SW756 and C4-1 human cervical
cell lines were obtained from American Type Culture
Collection (Manassas, VA, USA). The cells were
cultured in DMEM medium (Gibco BRL, Gaithersburg,
MD, USA) containing 10% fetal bovine serum (FBS) at
37°Cin a 5% CO; humidified atmosphere.

Reagents and drug: Tanshinone IIA and z-VAD-fmk were
purchased from Sigma-Aldrich (St. Louis, MO, USA).
Polyclonal antipolyclonal anti-poly (ADP-ribose) poly-
merase (PARP), anti-Bc1-XL and anti-actin antibodies
were purchased from Qiagen (Valencia, CA, USA). Anti
-phospho Akt and anti-caspases from Cell Signaling
Technology (San Diego, CA, USA). Monoclonal anti-
bodies against caspase-8 and Bcl-2 were purchased
from Qiagen (Valencia, CA, USA).

MTT assay: Cervical carcinoma cell lines, SW756 and C4
-1 were incubated in growth media containing
tanshinone ITA for 36 hours. After incubation growth
media was removed and cells were rinsed three times
in sterile Dulbecco’s phosphate-buffered saline (DPBS).
The  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) was added to plates and then
incubated for 2 hours. The formazan crystals were
solubilized by adding dimethyl sulfoxide and Spectra
MaxPlus 384 microplate reader was used to measure
the absorbance.

Reverse transcription-polymerase chain reaction (RT-PCR):
2.5 x 105 cells were seeded into each well of a 6 cm dish
and cultured for 72 hours. Tanshinone IIA was added
to each well and incubation was continued for 2 hours.

NucleoSpin® RNA II kit (Macherey-Nagel, Diiren,
Germany) was used for the isolation of total RNA from
the cells according to the manufacturer's instructions.
The complementary DNA was synthesized using AMV
reverse transcriptase (Promega) and random primers
(Takara Bio Inc., Shiga, Japan).

Immunoblot analysis: Cervical cells, 2.5 x 106 were seeded
into each well of a 6 cm dish and incubated for 72
hours. To each well tanshinone IIA was added and
incubated for 12 hours. Electrophoresis using sodium
dodecyl sulfate-polyacrylamide gel for cell lysates was
followed by transfer to a nitrocellulose membrane
(Millipore, Bedford, MA, USA). Incubation of the
membrane was performed with primary antibody for 2
hours. We used horseradish peroxidase-conjugated anti
-rabbit as the secondary antibody. The enhanced chemi-
luminescence (Amersham, Arlington Heights, IL, USA)
was used for the immunoreactive protein visualization.

DNA fragmentation analysis and 4',6'-diamidino-2-phenyl-
indole (DAPI) staining: Tanshinone IIA treated cells were
lysed in lysis buffer (10 mM Tris (pH 7.4), 150 mM
NaCl, 5 mM EDTA, and 0.5% Triton X-100) for 30 min.
Centrifugation of the lysates at 12,000 x g was perform-
ed for 30 min to get clear lysis mass. Extraction and
separation of the fragmented DNA was achieved on
1.5% agarose gel containing 0.1 pg/mL EtBr. After
tanshinone IIA treatment for 24 hours cells were fixed
with paraformaldehyde for 1 hour, washed with PBS
and then incubated with 300 nM DAPI (Microprobe,
CA, USA) for 30 min. Fluorescence microscopy was
used for the examination of cells.

Flow cytometric analysis of propidium iodide (PI) and JC-1
staining: The SW756 cells (2.5 x 10%) suspended in PBS
were supplemented with 100 puL ethanol and incubated
at 4°C for 1 hour. The cells were washed with PBS,
resuspended in 200 pL of sodium citrate buffer and
RNase then incubated for 1 hour. The cellular DNA was
stained and incubated with PI for 45 min. FACScan
flow cytometer was employed for fluorescence
activated cell sorting (FACS) to measure relative DNA
content. SW756 cells treated with tanshinone IIA were
subjected to apoptosis measurement by flow cytometry
after PI staining.

Transfection of HeLa cells with Akt, Mcl-1 and Bcl-2 expre-
ssion vectors: Lipofectamine Plus reagent (Invitrogen)
was used to transfect SW756 cells with plasmids (Akt,
Mcl-1, or Bcl-2) according to manual protocol. In 6-well
culture plates, 2.5 x 10¢ cells were cultured in DMEM
supplemented and incubated for 36 hours. Cells
washed with PBS were incubated for 4 hours followed
by addition of lipofectamine reagent along with pcDNA
3.1 or Akt, Mcl-1, or Bcl-2 expressing vector. Replace-
ment of the medium was followed by incubation for 36
hours then transfection in primary cell culture medium.

Analysis of cytochrome c release: Tanshinone IIA treated
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cells after harvesting and washing with ice-cold PBS
were lysed ice-cold lysis buffer (25 mM HEPES, pH 7.5;
250 mM sucrose; 1 mM EDTA; 1 mM EGTA; 1 mM
DTT; 10 mM KCl; 1.5 mM MgCly; 1 mM PMSF; protease
inhibitor cocktail). Cell lysates were centrifuged at
12,000 rpm to obtain supernatants and pellets. The
supernatant was analyzed by immunoblot using an anti
-cytochrome c antibody.

Statistical analysis: The data presented are the mean of
S.D. All the experiments were performed in triplicates.
Student f test or analysis of variance was used for
statistical analysis. The differences were considered
statistically significant at p<0.05.

Results

Induction of apoptosis by tanshinone IIA in cervical cancer
cells: We used MTT assay to investigate the effect of
tanshinone IIA on the viability of SW756 and C4-1
human cervical cells. The viability of SW756 and C4-1
cells was reduced in a concentration dependent manner
on treatment with tanshinone IIA for 36 hours (Figure
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1A). SW756 cells showed marked increase in accumu-
lation of sub-Gl-phase cells in a concentration- and
time-dependent manner following tanshinone IIA treat-
ment using flow cytometric analysis (Figure 1B). Tan-
shinone IIA treatment also caused significant increase
in DNA fragmentation in these cells. DAPI staining
revealed significant increase in nuclear condensation
and apoptotic body formation on tanshinone IIA treat-
ment in SW756 cells (Figure 1C). Thus tanshinone IIA
induces cytotoxic effect in cervical cancer cells through
apoptosis.

Effect of tanshinone I1IA on caspase processing: Tanshinone
ITA treated SW756 and C4-1 cells showed cleaved pro-
caspase-8 and pro-caspase-9 after 12 h. Similar results
were observed for caspase-3. Tanshinone IIA treated
SW756 and C4-1 cells also showed increased cleavage of
PARP by immunoblot analysis (Figure 2A). However,
exposure of tanshinone IIA treated SW756 cells to
caspase inhibitor (z-VAD-fmk) inhibited cell death
(Figure 2B). These findings suggest that tanshinone ITA-
induced apoptosis is associated with the activation of
caspases.
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Figure 1: Tanshinone IIA induced cytotoxic effect in cervical cancer cells. (A) Viability of SW756 and C4-1 cells following 12 or 36
hours treatment with the indicated concentration of tanshinone IIA using MTT assays. (B) The percentage of SW756 apoptotic cells

following treatment with the indicated concentrations of SW756

for 12 and 36 hours. For apoptosis assessment DNA content was

examined after propidium iodide staining. (C) DAPI staining showing death of SW756 cells after exposure to 20 pM tanshinone
IIA for 12 hours. The values presented are the mean + SD of three experiments
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Figure 2: Effect of tanshinone IIA on caspase activation in cervical cancer cells. (A) Immunoblot analysis of caspase-8, caspase-9,
caspase-3 and PARP in SW756 and C4-1 cell lysates. B-actin served as a loading control. (B) Apoptosis in SW756 cells incubated
with 25 pM z-VAD-fmk or solvent for 1 h before treatment with 20 pM tanshinone IIA for 1 hour. Apoptosis was assessed by the
DNA content after propidium iodide staining. The values presented are the mean +S. D. from triplicate experiments
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Figure 3: Effect of tanshinone IIA on Bcl-2 family proteins in cervical cancer cells. Immunoblot analysis of (A) Bcl-2, Bcl-xL and
Bax and (B) Mcl-1 in lysates of SW756 cells incubated with tanshinone IIA for 36 hours. p-actin served as a loading control

Effect of tanshinone IIA on Bcl-2 family proteins in cervical ~ expression of Mcl-1 was significantly decreased by
cancer cells: SW756 cells on treatment with tanshinone  tanshinone IIA after 24 hours (Figure 3B). RT-PCR
ITA did not show any change in the expression of Bcl-2,  results showed decrease in the levels of Mcl-1 mRNA
Bcl-xL and Bax proteins (Figure 3A). However, the  on tanshinone IIA treatment. Therefore, tanshinone IT1A-
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Figure 4: Effect of tanshinone IIA on PI3K/Akt signaling in SW756 cells. (A) Immunoblot analysis of phospho-Akt and Akt in
SW756 cells exposed to tanshinone IIA for 36 hours. (B) Apoptosis in SW756 cells treated for 36 hours with tanshinone ITIA with or
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Figure 5: Induction of mitochondrial apoptotic events by tanshinone IIA in SW756 cells. (A) Immunoblot analysis of caspase-9 in
SW756 cells that were transfected with pcDNA (vector) or caspase-9 dN and treated with or without tanshinone IIA for 24 hours.
(B) Immunoblot analysis of cytochrome c in cells treated with tanshinone IIA for 24 hours

induced Mcl-1 expression down-regulation is controlled
at the trans-criptional level.

Effect of tanshinone IIA on Akt phosphorylation in SW756
cells: In tanshinone IIA treated cells a significant
decrease in the phosphorylated Akt level was observed
(Figure 4). However, tanshinone IIA treated cells when
exposed to LY294002, an inhibitor of the Akt activating
kinase suppressed that tanshinone IIA-mediated apop-
tosis (Figure 4).

Tanshinone IIA-induced activation of the mitochondrial cell
death pathway in SW756 cells: Transfection of SW756 cells
with plasmid encoding dominant-negative caspase-9
(caspase-9 dN) and treatment with tanshinone IIA for
36 hours showed that caspase-9 dN cells were resistant
to tanshinone IIA (Figure 5A). This suggests that
caspase-9 is essential for tanshinone IIA-induced cell
death and that tanshinone ITA induces apoptosis via the
mitochondrial pathway. Measurement of cytochrome c
release and Am in SW756 cells revealed significant
increase in cytochrome c in the cytosol of cells treated
with tanshinone IIA (Figure 5B).

Discussion

Our study clearly revealed that tanshinone IIA induced
apoptosis in SW756 and C4-1cervical cancer cells. The

results showed that tanshinone IIA-induced cervical
cancer cell death depends on inhibition of Akt
activation and activation of caspase-9. It was also
observed that an anti-apoptotic factor, Mcl-1 that
exhibits crucial role in countering the apoptosis
pathway was inhibited by tanshinone IIA. In various
cancers, one of the main signaling pathways to inhibit
apoptosis is PI3K/Akt pathway (Song et al., 2005).
Usually in cancer cells expression of PI3K/ Akt is found
to be significantly higher and is believed to be
responsible providing resistance to cancer cells against
chemotherapy (McCubrey et al., 2006). Our study
showed that in SW756 cells contained substantial levels
of phosphorylated Akt. Therefore, sustained Akt
activity in these cells may facilitate their growth and/or
survival. However, we found that tanshinone ITA had
an inhibitory effect on Akt in SW756 cells. Because Akt
is a pro-survival protein, the inhibition of Akt may be
involved in tanshinone IIA mediated growth suppre-
ssion of SW756 cells. A variety of cellular proteins
participate in the induction of apoptosis. Among these
are the caspases, which are essential for the execution of
cell death induced by apoptotic stimuli (Cohen, 1997).
We have demonstrated that tanshinone IIA exposure
leads to the processing of caspase-8, -9 and -3 in cervical
cancer cells. An important finding was that tanshinone
ITA induced caspase-3 processing and PARP cleavage in
parallel with the induction of apoptosis. Furthermore,
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the inhibition of caspase-3 by the broad-spectrum
caspase inhibitor z-VAD-fmk blocked cell death by
tanshinone IIA, suggesting that tanshinone IIA-induced
cell death is caspase-dependent. The finding that
transfection of caspase-9 dN imparted resistance to
tanshinone IIA indicates that the activation of caspase-9
and subsequent activation of caspase-3 activation (i.e.,
the mitochondrial pathway of caspase activation) are
critical to the action of tanshinone IIA. The release of
mitochondrial intermembrane space proteins to the
cytosol is a key event during apoptosis (Fulda and
Debatin, 2004a; Fulda and Debatin, 2004b). Our results
clearly showed that tanshinone IIA induced cytochrome
c release into the cytosol and decreased Am, supporting
the idea that tanshinone IIA activates the mitochondrial
apoptotic pathway.

In summary, tanshinone IIA induces apoptosis in cervi-
cal cancer cells, likely by inducing multiple cellular
events such as caspase activation, Mcl-1 inactivation,
inhibition of Akt signaling, and loss of Am. The find-
ings presented here suggest that tanshinone IIA is a
potential anti-cancer drug for cervical cancer.
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