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Abstract

The Chinese medicinal herb Tripterygium wilfordii Hook and one of its active

components triptolide, a diterpenoid triepoxide, have been shown to have anti-inflammatory,

anti-fertility and anti-neoplastic activities. Recently, triptolide was shown to have antitumor

properties by suppressing the growth and inducing apoptosis of a broad range of human

tumor cells. To identity the anticancer mechanism of triptolide, we assayed its effect on

apoptosis, cell cycle distribution. The results showed that triptolide induced apoptosis in

MCF-7 cells, without affecting the cell cycle distribution. Our study reports here for the

first time that the activity of the apoptotic induction may participate in the anti-proliferative

activity of triptolide in MCF-7 cells.
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Introduction

Worldwide, breast cancer is the most common cancer among women after skin cancer,

and is the second leading cause of cancer death (after lung cancer) in women [1,2].

Increasing evidence suggests that breast cancer might result from interactions between

genetic elements, various possible environmental factors, and also the difference in

ethnicity [1,3]. This pathology is currently controlled through surgery and/or radiotherapy,

and is frequently supported by adjuvant chemo- or hormonotherapies. Unfortunately, these

classical treatments are hampered by unwanted side effects and, most importantly, the

development of tumor resistance. There is no doubt an urgent need for novel and effective

therapies against breast cancer [4]. Apoptosis plays an important role in homeostasis and

development of the tissue in organism [5]. Imbalance between cell proliferation and

apoptotic cell death will result in serious disease such as cancer. Many studies have

demonstrated that cancer treatment by chemotherapy and 7 -irradiation kill target cells

primarily by the induction of apoptosis [5,6].

Tripterygium wilfordii Hook.f, a member of the Celastraceae family of plants, has been

used in Chinese medicine for centuries. Triptolide, a diterpenoid, was first isolated from the

plant and structurally characterized in 1972 [7,8] and has been used for the treatment of a

variety of autoimmune diseases and as an immunosuppressant in patients with organ and

tissue transplantations. Triptolide induces apoptosis in a number of cancer cell lines in



association with the activation of p53 [9-11] but triptolide may also induce apoptosis in
HL-60, a p53-deficient promyelocytic cell line [11,12]. A possible route for the
pS3-independent apoptosis maybe the inhibition of tumor necrosis factor o
(TNFa)-mediated activation of NFkB [11,13]. In this study, we determined the
antiproliferative activity of triptolide, and examined its effect on cell cycle distribution and
apoptosis in the human breast cancer cell line, MCF-7.
Materials and methods
Chemicals and reagents

Fetal bovine serum (FBS), penicillin G, streptomycin, amphotericin B and Dulbecco’s
modified Eagle’s medium (DMEM) were obtained from GIBCO BRL (Gaithersburg, MD).
Triptolide was purchased from Calbiochem (La Jolla, CA). Dimethyl sulfoxide (DMSO),
ribonuclease (RNase), and propidium iodide (PI) were purchased from Sigma Chemical (St.
Louis, MO). XTT was obtained from Roche Diagnostics GmbH (Mannheim, Germany).
Nucleosome ELISA was purchased from Calbiochem (Cambridge, MA).
Preparation of triptolide

Triptolide was dissolved in dimethyl sulfoxide (DMSO) and stored at -20°C. For all
experiments, the final concentrations of the test compound were prepared by diluting the

stock with DMEM. Control cultures received the carrier solvent (0.1% DMSO).



Cell culture

Breast cancer cell line MCF-7 was obtained from the American Type Cell Culture
Collection (Manassas, VA). It was maintained in monolayer culture at 37°C and 5% CO, in
DMEM supplemented with 10% FBS, 100 units/ml of penicillin G, 100 pg/ml of
streptomycin, and 0.25 pg/ml of amphotericin B.
Cell proliferation assay

Inhibition of cell proliferation by triptolide was measured by XTT {sodium
3’-[1-(phenylamino-carbonyl)-3,4-tetrazolium]-bis(4-methoxy-6-nitro) ~ benzene-sulfonic
acid hydrate} assay. Briefly, cells were plated in 96-well culture plates (1x10* cells/well).
After 24 h incubation, the cells were treated with 0, 0.5, 2.5, 5, and 10 uM triptolide for 48
h. Fifty pl of XTT test solution, which was prepared by mixing 5 ml of XTT-labeling
reagent with 100 pl of electron coupling reagent, was then added to each well. After 6 h
incubation, the absorbance was measured on an ELISA reader (Multiskan EX; Labsystems.
Thermo Electron Corporation, Milford, USA.) at a test wavelength of 492 nm and a
reference wavelength of 690 nm.
Cell cycle analysis

To determine cell cycle distribution, 5x10° cells were plated in 60-mm dishes and treated
with triptolide (0, 5, and 10 uM) for 24 h. After treatment, the cells were collected by

trypsinization, fixed in 70% ethanol, washed in PBS, re-suspended in 1 ml of PBS



containing 1 mg/ml RNase and 50 pg/ml propidium iodide, incubated in the dark for 30
min at room temperature, and analyzed by EPICS flow cytometer. The data were analyzed
using the Multicycle software (Phoenix Flow Systems, San Diego, CA).
Measurement of apoptosis by ELISA

The induction of apoptosis by triptolide was assayed using the Nucleosome ELISA Kkit.
This kit uses a photometric enzyme immunoassay that quantitatively determines the
formation of cytoplasmic histone-associated DNA fragments (mono- and oligonucleosomes)
after apoptotic cell death. MCF-7 cells were treated with 0, 5, and 10 uM triptolide, for 6,
12, 24, and 48 h. The samples of cell lysate were placed in 96 well (1x10° per well)
microtiter plates. The induction of apoptosis was evaluated by assessing the enrichment of
nucleosome in cytoplasm, and determined exactly as described in the manufacturer’s
protocol.
Statistical analysis

Data were expressed as means + S.D. Statistical comparisons of the results were made
using analysis of variance (ANOVA). Significant differences (P<0.05) between the means
of control and triptolide-treated cells were analyzed by Dunnett's test.
Results and Discussion
Effect of triptolide on MCF-7 cell proliferation

We first tested the anti-proliferative effect of triptolide in the breast cancer cell line,



MCF-7. As shown in Fig. 1, the proliferative inhibitory effect of triptolide was observed in

a dose-dependent manner. At 48 h, the maximal effect on proliferation inhibition was

observed with 10 uM triptolide, which inhibited proliferation in 73.3% of MCF-7 cells. The

ICs value was 5.2 uM.

Triptolide induced apoptosis in MCF-7 cells, without affecting the cell cycle

distribution

To clarify the mechanism of anti-proliferative effect, EPICS flow cytometer and

apoptotic ELISA kits were used to analyze cell cycle distribution and apoptosis respectively.

In cell cycle distribution, our results did not show any significant change between the

control group and the triptolide-treated group for up to 10 uM at 24 h (Fig. 2). By using

Nucleosome ELISA kit, we demonstrated that triptolide induced apoptosis of MCF-7 cells

in dose-dependent and time-dependent manners (Fig. 3). In contrast to the controls, when

cells were treated with triptolide, the number of cells undergoing apoptosis increased from

about 4 fold at 5 uM triptolide to 8.7 fold at 10 uM triptolide at 48 h.
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Figure legends

Fig. 1. The anti-proliferative effect of triptolide in MCF-7 cells. Adherent cells plated in
96-well plates (10* cells/well) were incubated with different concentrations of triptolide at
48 h. Cell proliferation was determined by XTT assay. Results are expressed as the percent
of the cell proliferation of control at 0 h. Standard deviations were less than 10%.

Fig. 2. The effects of triptolide on cell cycle distribution in MCF-7 cells. MCF-7 cells
following treatment with 0, 5, and 10 uM triptolide for 24 h were fixed and stained with
propidium iodide, and cell cycle distribution was then analyzed by flow cytometry. The
data indicate the percentage of cells in G0/G1, S, and G2/M phases of the cell cycle
(P>0.05). The results represent the mean values and standard deviations from three
individual experiments.

Fig. 3. Induction of apoptosis in MCF-7 cells by triptolide. MCF-7 cells were cultured with
0, 5, and 10 uM of triptolide for 6, 12, 24 and 48 h. Cells were harvested and lysed with
lysis buffer. Cell lysates containing cytoplasmic oligonucleosomes of apoptotic cells were
analyzed by means of Nucleosome ELISA. Each value is the mean + S.D. of three
determinations. The asterisk indicates a significant difference between control and

triptolide-treated cells, as analyzed by Dunnett's test (P<0.05).

10



120

100

80

60

40

Viability (% of control

20

*
*
*
I *

OuM  0.5uM  2.5uM  5uM 10uM

Concentrations of triptolide

Fig. 1.

11



100
90
80
70
60
50
40

% Cell populatior

30
20
10

Fig. 2.

OouM 5. B 10uM

GO/G1

S
Phase

G2M

12



201 OoM ®m5yM B 10uM

I I I I I I I
oo O < N O oo O < N O
— — = — =

(S[[299 [/SIUIN) S[2AJ] AWOSOA[ONN

48

2%
Time (h)

12

Fig. 3.

13



