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Tanshinone ITA arrests cell cycle and induces apoptosis
in 786-O human renal cell carcinoma cells
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Abstract. Tanshinone ITA (Tan ITA), isolated from the
Chinese medicinal herb Danshen, has been reported to have
anticancer effects in several tumor models, while its effects
on renal cell carcinoma have not been studied. In the present
study, we evaluated the effects of Tan ITA on growth inhibi-
tion and apoptosis in the renal cancer cell line 786-O and its
mechanism of action. Results of the MTT assay indicated that
the treatment of 786-0 cells with Tan ITA resulted in a concen-
tration-dependent decrease in cell viability. Flow cytometry
analysis revealed that Tan ITA treatment caused apoptosis
following cell cycle perturbation. Furthermore, we examined
the expression of cell cycle and apoptosis-related proteins
using immunoblotting, which indicated an upregulation of p53,
p21, bax and caspase-3 in Tan ITA-treated cells compared with
Tan ITA-untreated cells. These results suggest that the activa-
tion of p53 and the upregulation of its target genes, including
p21 and bax, may be involved in the mitochondrial apoptosis
induced by Tan ITA in 786-0 cells.

Introduction

Renal cell cancer (RCC) is a cause of mortality worldwide
and its incidence rate continues to rise. Although several
therapeutic approaches have been applied to the treatment of
RCC, including surgery, immunological therapies and vaccine
treatment (1), further improvements are needed. Notably, the
modulation of the apoptotic response provides new prospects
for therapeutic strategies in cancer (2,3). Thus, novel and
promising anticancer drugs may be identified by further inves-
tigations into the induction of apoptosis.

Tanshinone IIA (Tan ITA, 14,16-epoxy-20-nor-
5(10),6,8,13,15-abietapentaene-11,12-dione), one of the
phytochemical compounds isolated from the Chinese
medicinal herb Danshen (root of Salvia miltiorrhiza Bunge),
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possesses anti-inflammatory (4,5) and antioxidant proper-
ties (6,7). Tan IIA has also been shown to have anticancer
activity through the induction of apoptosis in a variety of
cancers (8-10). However, it remains unclear whether Tan ITA
is capable of inhibiting cell growth and inducing apoptosis in
human RCC cells. In the present study, we investigated the
effect of Tan IIA on human RCC 786-O cells in vitro and the
mechanisms by which it functions.

Materials and methods

Reagents. Tan IIA (>99% pure) and MTT were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). The
annexin V-FITC apoptosis detection kit was purchased from
BD Biosciences (San Jose, CA, USA). The antibodies used
in this study were: monoclonal anti-p53 (sc-126, Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA), polyclonal anti-
p21 (71-1000, Zymed Laboratories, San Francisco, CA, USA),
polyclonal anti-bax (2772, Cell Signaling Technology, Inc.,
MA, USA), polyclonal anti-caspase-3 (Upstate Biotechnology,
LakePlacid,NY,USA) and monoclonal anti-actin (ms-1295-po,
NeoMarkers, Fremont, CA, USA).

Cell culture. The human RCC cell line 786-O was provided
by Dr Jun Hu (Sun Yat-sen University, Guangzhou, China) and
cultured in Dulbecco's modified Eagle's medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) and 100 U/ml
penicillin and streptomycin.

MTT assay. 786-0 cells were seeded in 96-well microtitre
plates with 1x10* cells/well and incubated for 24 h in 100 pl
culture medium. The cells in the experimental group were then
treated with 1,2, 4 or 8 yg/ml of Tan II-A for 24 h. MTT [100 pl
(5 g/1)] was added to the cells which were then cultivated for
a further 4 h. Following the removal of the supernatant fluid,
100 ul/well DMSO was added to the cells which were agitated
for 15 min. The absorbance was measured at 570 nm by an
ELISA reader. The untreated 786-0O cells served as controls.
Each assay was repeated three times.

Immunoblotting (IB). The cell lysates were boiled with
3X SDS loading buffer and then fractionated by SDS-PAGE.
The proteins were transferred to a PVDF membrane, which
was then incubated with a primary specific antibody in 5%
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Figure 1. Cytotoxicity effects of Tan ITA on 786-0O cells. 786-O cells were
treated with Tan ITA (0, 1, 2, 4 and 8 pg/ml) for 24 h. Cell viability was
measured by MTT assay. The data are presented as the mean + SD. "P<0.05.
Tan ITA, tanshinone ITA.

milk, followed by horse radish peroxidase (HRP)-conjugated
anti-mouse or anti-rabbit antibodies and ECL detection reagent
(Amersham Life Science, Piscataway, NJ, USA).

Cell cycle distribution analysis. Cells were plated in 6-well
culture dishes at concentrations determined to yield 60-70%
confluence within 24 h. The cells were then treated with
Tan ITA (0, 2, 4 or 8 ug/ml). After 24 h, the cells were washed
twice with PBS and then centrifuged. The pellet was fixed with
70% ethanol at 4°C. The ethanol was washed away and the
cells were treated with 40 mg/ml propidium iodide (PI) and
0.1 mg/ml RNase (Boehringer, Germany) for 30 min at 37°C.
The cells (2x10%) were analyzed and the DNA content was
measured using a FACStar cytofluorometer (BD Biosciences)
equipped with an argon-ion laser at 488 nm.

Apoptosis assessed by flow cytometry. The extent of apoptosis
was evaluated by annexin V-FITC and flow cytometry. The
cells were grown at a density of 1x10° cells in 6-well culture
dishes and were treated with Tan IIA (0, 2, 4 or 8 ug/ml) for
24 h. Following treatment, the cells were harvested, washed
twice with pre-chilled PBS and resuspended in 1X binding
buffer at a concentration of 1x10° cells/ml. This solution
(100 pl) was mixed with 5 ul annexin V-FITC and 5 pl PI for
15 min, then 400 gl 1X binding buffer was added. The analysis
was carried out using a FACStar cytofluorometer with CXP
software.

Statistical analysis. Values are presented as the mean + SD of
the control. The Student's t-test was used to analyze the statis-
tical significance between the Tan ITA-treated and control
groups. P<0.05 was considered to indicate a statistically
significant result.

Results

The effects of Tan IIA on the viability of 786-0 cells. To
examine the cytotoxicity of Tan ITA on the human RCC cell
line 786-0, 786-0 cells were cultured and treated with Tan ITA.
The cytotoxicity of Tan ITA in 786-0 cells was detected using
the MTT assay. The percentages of viable cells relative to the
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control (DMSO)-treated cells were 68.2,46.4, 33.4 and 28.3%
when cultured with Tan ITA (1, 2, 4 and 8 ug/ml, respectively)
for 24 h. The half maximal inhibitory concentration (ICs)
value for Tan ITA treatment for 24 h was estimated to be 2 ug/
ml. The results show that Tan ITA treatment induced a marked
dose-dependent inhibition of the growth of 786-0O cells (Fig. 1).

TanIIA induces 786-0 cell cycle arrest in the S phase. To deter-
mine the effect of Tan ITA on the growth of 786-0 cells, the
cell cycle distribution was analyzed by flow cytometry. When
786-0 cells were treated with Tan IIA (0, 2, 4 and 8 pg/ml)
for 24 h, the percentage of cells in the S phase was 10.0, 11.5,
20.4 and 23.3%, respectively (Fig. 2). The results indicate the
inhibition of the growth of 786-0 cells following treatment
with Tan ITA.

Tan IIA-induced apoptosis of 786-0 cells. Since cell cycle
perturbations may mediate the induction of apoptosis, we
examined the effect of Tan IIA on the apoptosis of 786-O
cells using the annexin V/PI approach. It was observed that,
following the treatment of 786-0 cells for 24 h with Tan ITA (0,
2,4 and 8 pg/ml), the number of early apoptotic cells increased
to 8.6, 27.2, 27.8 and 28.8%, respectively. The number of late
apoptotic cells increased to 2.9, 9.2, 12.5 and 13.9%, respec-
tively. The total percentage of apoptotic cells was directly
related to the Tan IIA concentration, increasing from 11.5%
(control) to 36.4, 40.3 and 42.7% (2, 4 and 8 ug/ml Tan IIA,
respectively;Fig. 3), consistent with the results of the cyto-
toxicity assay. The results revealed that Tan ITA induced cell
apoptosis of 786-0 cells in a concentration-dependent manner.

Gene expression profile correlated with growth inhibition and
apoptosis following Tan IIA treatment. Since Tan ITA treat-
ment caused S phase cell cycle arrest, we examined the effect
of Tan ITA on cell cycle regulatory molecules which are active
in the S phase. IB indicated that Tan ITA treatment induced the
upregulation of the p21 protein, a key regulator of S phase cell
cycle transition (11), in a dose-dependent manner. In order to
establish the involvement of a mitochondrial apoptotic event,
the level of the bax and caspase-3 proteins was measured. As
shown in Fig. 4, Tan IIA treatment resulted in a significant
dose-dependent increase in the level of bax and caspase-3.

P53, an upstream regulator of p21 and bax (12), is involved
in cell cycle arrest and apoptotic induction in response to
cell stress. In the present study, we also assessed the level of
p53 expression by IB following Tan ITA treatment. The data
indicate that the level of the p53 protein increased markedly
following treatment with Tan ITA.

Discussion

Tan ITA, traditionally administered to treat cardiovascular
disease (13), has gained much attention for its anticancer prop-
erties in cell culture and animal carcinogenesis models (8-10).
Although previous studies have shown the chemochemical/
therapeutic potential of Tan IIA against several cancer types,
information regarding the apoptotic effects of Tan IIA in
human RCC cells is unavailable. The present study provides
evidence for the first time that Tan ITA has an anticancer effect
on human RCC.
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Figure 2. Cell cycle analysis of 786-O cells treated with Tan IIA. Cells were cultured with different concentrations of Tan IIA for 24 h and then stained with
propidium iodide. The DNA content was analyzed by flow cytometry. The S phase arrest was enhanced with increasing concentrations of Tan IIA. Tan IIA,

tanshinone ITA.
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Figure 3. Dose-dependent apoptosis induced by treatment with Tan ITA in 786-0O cells. Cells treated with various concentrations of Tan IIA were double-stained
with annexin V and PI and analyzed by flow cytometry. The gate setting distinguished between living (bottom left), necrotic (top left), early apoptotic (bottom

right), and late apoptotic (top right) cells. Tan IIA, tanshinone IIA; PI, propidium iodide.
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Figure 4. Expression of the proteins changed in 786-O cells treated with
different concentrations of Tan IIA for 24 h. Tan IIA treatment resulted
in the upregulation of p53 and its target genes, p21 and bax. Subsequently,
caspase-3 was increased with the induction of apoptosis by Tan ITA. Tan ITA,
tanshinone IIA.

A number of studies have demonstrated that Tan ITA is able
to reduce cell vitality due to its cytotoxic properties (14). The
results of the MTT assay in our study also showed that treat-
ment with Tan ITA resulted in a marked and dose-dependent
inhibition of the growth of 786-O cells. We observed a
slight enhancement of vitality of 786-0O cells following trace
Tan ITA (<0.05 ug/ml) treatment compared with untreated
cells. Tan ITA is a well-established antioxidant present in the
Chinese medicinal herb Danshen (root of Salvia miltiorrhiza
Bunge) (15). Therefore, trace amounts of Tan IIA may promote
cell growth. By contrast, treatment with a high dose of Tan ITA
generally exerts cytotoxicity, resulting in a reduction of cell
vitality. Furthermore, the analysis of the cell cycle distribu-
tion revealed that Tan ITA treatment induced S phase arrest
in 786-0 cells. As p21, a cyclin-dependent kinase (CDK)
inhibitor, is crucial in retarding S phase (11), we analysed its
expression and found that it was dose-dependently upregulated
following Tan ITA treatment. Moreover, Tan IIA treatment led
to a concentration-dependent increase in the levels of p53,
paralleling the accumulation of p21. These results suggest that
the observed p21 accumulation may be due to p53 activation,
since p53 (wild-type) upregulates p21 expression (16). It should
be noted that it is possible that the level of p21 was altered via
a p53-independent pathway.

In addition to promoting cell cycle arrest, p53 targets genes
with apoptotic activity, among them the bax gene (12). The
expression level of bax was assessed using IB. The results
revealed that bax was upregulated in parallel with p53 activa-
tion in Tan ITA-induced apoptosis in RCC cells, suggesting
that the mitochondrial apoptotic pathway is involved in Tan
ITA-induced cell death. The mitochondrial apoptotic process
eventually leads to the activation of the caspases, which are
both initiators and effectors of the apoptotic programmed
cell death. Similar to the observations of bax, treatment
with Tan ITA significantly increased the expression level of
caspase-3 in 786-0 cells (Fig. 4). Notably, p53 targets the
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Figure 5. Schematic model for the mechanism of Tan IIA-induced apoptosis
in 786-0 cells. Tan ITA, tanshinone ITA.

Fas gene, which is involved in the mitochondria-independent
pathway of apoptosis (17). In our study, we did not detect
any change in the level of expression of Fas, indicating that
the specific cell death signals used by Tan ITA appear to be
dependent on the cell type.

In conclusion, we report that human RCC 786-0O cells in
culture respond to Tan ITA treatment by showing a reduction
in growth and an increase in apoptotic cell death. Furthermore,
IB results revealed that Tan ITA activates p53 expression and
subsequently induces the upregulation of p21 and bax. These
findings suggest that Tan ITA induced apoptosis in 786-0 cells,
possibly through both the p21-mediated cell cycle perturbation
and the mitochondrial-mediated intrinsic cell-death pathways
(Fig. 5). These findings suggest the efficacy of Tan ITA as a
chemopreventive candidate to exert antigrowth and proapop-
totic actions on human RCC.
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