Crude extract of Euphorbia formosana induces apoptosis of DU145 human prostate cancer cells acts through the caspase-dependent and -independent signaling pathway
Jiun-Long Yang1, Jin-Cherng Lien2, Ya-Yin Chen3,4, Shu-Chun Hsu5, Shu-Jen Chang6, An-Cheng Huang7, Sakae Amagaya8, Shinji Funayana9, W. Gibson Wood10, Chao-Lin Kuo1*, and Jing-Gung Chung5,11*

1Department of Chinese Medicine Resources, China Medical University, Taichung 404, Taiwan 

2Graduate Institute of Pharmaceutical Chemistry, China Medical University, Taichung 404, Taiwan 

3Department of Chinese-Western Medicine Integration, Chung Shan Medical University Hospital, Taichung 402, Taiwan 

4School of Medicine, Chung Shan Medical University, Taichung 402, Taiwan;
5Departments of Biological Science and Technology, China Medical University, Taichung, Taiwan
6School of Pharmacy, China Medical University, Taichung 404, Taiwan 

7Department of Nursing, St. Mary’s Medicine Nursing and Management College,

Yilan 266, Taiwan

8Department of Kampo Pharmaceutical Sciences, Nihon Pharmaceutical University, Saitama, Japan
9Department of Medicinal Chemistry, Nihon Pharmaceutical University, Saitama, Japan.

10Department of Pharmacology, University of Minnesota, School of Medicine, Geriatric Research, Education and Clinical Center, VA Medical Center, Minneapolis, MN, 55455, USA 

11Department of Biotechnology, Asia University, Taichung 413, Taiwan, 
Correspondence to: Jing-Gung Chung, Department of Biological Science and Technology, China Medical University, No 91, Hsueh-Shih Road, Taichung 404, Taiwan. Tel: +886 4 2205 3366 ext 2161, Fax: +886 4 2205 3764, e-mail: jgchung@mail.cmu.edu.tw ; Chao-Lin Kuo, Department of Chinese Medicine Resources, China Medical University, No 91, Hsueh-Shih Road,Taichung 404, Taiwan.  Tel: +886 4 2205 3366 ext 5202, Fax: +886 4 2205 3764, e-mail: clclkuo@mail.cmu.edu.tw
ABSTRACT： Prostate cancer is the most frequently diagnosed malignancy in men and the second highest contributor of male cancer mortality. The crude extract of Euphorbia formosana (CEEF) has been used for treatment of different diseases but the cytotoxic effects of CEEF on human cancer cells have not been reported. The purpose of the present experiments was to determine effects of CEEF on cell cycle distribution and induction of apoptosis in DU145 human prostate cancer cells in vitro. Contrast-phase microscope was used for examining cell morphological changes. Flow cytometric assays were used for cell viability, cell cycle, apoptosis, reactive oxygen species and Ca2+ production and mitochondria membrane potential (ΔΨm). Western blotting was used for examining protein expression of cell cycle and apoptosis associated proteins. Real time PCR was used for examining mRNA levels of caspase-3, -8 and -9, AIF and Endo G. Confocal laser microscope was used to examine the translocation of AIF, Endo G and cytochrome in DU145 cells after CEEF exposure. CEEF induced cell morphological changes, decreased the percentage of viable cells, and induced S phase arrest and apoptosis in DU145 cells. Furthermore, CEEF promoted RAS and Ca2+ production and reduced ΔΨm levels. Real time QPCR confirmed that CEEF promoted the mRNA expression of caspase-3 and -9, AIF and Endo G and we found that AIF and Endo G and cytochrome c were released from mitochondria. Taken together, CEEF induced cytotoxic effects via ROS production, induced S phase arrest and induction of apoptosis through caspase-dependent and -independent and mitochondria-dependent pathways in DU245 cancer cells. 
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INTRODUCTION
Prostate cancer occurs in approximately 25 % of men after the age of 50 
 ADDIN EN.CITE 
(Esposito et al., 2012; Vinjamoori et al., 2012)
. In the United States prostate cancer is the most commonly diagnosed cancer and it is the second leading cause of death due to cancer 
 ADDIN EN.CITE 
(Jemal et al., 2010; Liu et al., 2012b)
. In Taiwan, based on the 2008 report from the Department of Health, R.O.C. (Taiwan), 6.4 individuals per 100,000 die annually from prostate cancer and it is the leading cause of cancer death Chiang et al., 2004()
. Currently, the treatment of prostate cancer includes various options such as radiotherapy, surgery and chemotherapy based on the cancer stage and characteristics of the patient Zilinberg et al., 2012()
. A growing body of research has focused on finding new products from natural plants for medical applications including cancer treatment 
 ADDIN EN.CITE 
(Cohen 2002; Perez Galende et al., 2012; Sarveswaran et al., 2012)
. 
It is well known that targeting apoptosis including the intrinsic pathway which is involved in the Bcl-2-mediated mitochondria associated cell survival pathway is an approach used in cancer treatment 
 ADDIN EN.CITE 
(Constance and Lim 2012; Garcia-Saez 2012; MacKenzie and Clark 2012)
. A second pathway, the extrinsic pathway is involved in the death receptor-mediated pathway causing activation of caspases 9 and 3 and resulting in apoptosis 
 ADDIN EN.CITE 
(Liwak et al., 2012; Parthasarathy and Philipp 2012; Weyhenmeyer et al., 2012)
. If agent can led to the inhibition of Bcl-2-mediated intrinsic pathway that will cause cytochrome c released from the mitochondria to the cytosol, followed by the activation of caspases 9 and 3, furthermore, cell if through the death receptor-mediated extrinsic pathway which are involved caspases 10 and 8 activation to induce apoptosis 
 ADDIN EN.CITE 
(Chen and Du 2010; Clarke et al., 2012; Estaquier et al., 2012; Low et al., 2011; Pellegrino et al., 2012)
. Furthermore, it will initial via the formation of a death-inducing signaling complex between Fas-associated death domain (FADD) and pro-caspase 8 then led to the cleavage of pro-caspase 8 to active cleaved caspase 8 then directly leads to the activation of downstream caspases such as caspase 3 
 ADDIN EN.CITE 
(Mao et al., 2012; Qin et al., 2012)
.
In the Chinese population, the crude extract of Euphorbia formosana (CEEF) has been used for treating different diseases such as anti-inflammation and anti-microorganisms for long ago Yu et al., 2012a()
. However, there are no published studies on effects of CEEF on cancer cells. In the present study we investigated the effects of CEEF on cell cycle arrest and induction of apoptosis in DU145 human prostate cancer cells. We show for the first time that CEEF induced S phase arrest and apoptosis in DU145 cells via mitochondria-dependent and -independent signaling pathways. 

MATERIALS AND METHODS

Cell culture and reagents

The human prostate cancer cell line DU145 was obtained from the Food Industry Research and Development Institute (Hsinchu, Taiwan). Dimethyl sulfoxide (DMSO), propidium iodide (PI), trypan blue and Tris-HCl were purchased from Sigma Chemical Co (Sigma Chemical Co, St. Louis, Missouri, USA). Dulbecco’s Modified Eagle’s Media (DMEM), fetal bovine serum, L-glutamine, penicillin-streptomycin, and trypsin-EDTA were purchased from Gibco BRL (Grand Island, NY, USA). The crude extract of Euphorbia formosana was provided kindly by Dr. Chao-Lin Kuo (Department of Pharmaceutical Sciences and Chinese Medicine Resources, China Medical University, Taichung 404, Taiwan).

Cell morphology and viability determination
DU145 cells at a density of 2×105 cells/well were seeded in a 12-well plate at 37C with 5% CO2 in DMEM (Sigma Chemical Co., St. Louis, Missouri, USA) supplemented with 10% fetal bovine serum (FBS) (Gibco BRL, Grand Island, NY, USA), 100 mg/ml streptomycin and 100U/ml penicillin for 24 h. Cells in each well were incubated with 0, 10, 25, 50, 100, 150, 200 and 250 μg/ml CEEF for 24 and 48 h then cells were examined and photographed under a contrast-phase microscope at 200x to determine cell morphology. The cells in each well were detached with trypsin for 3 min then were harvested, washed with PBS and then were stained with trypan blue 
 ADDIN EN.CITE 
(Hour et al., 2012; Tsai et al., 2012)
 
Determination of cell cycle distribution of DU145 cells

DU145 cells at a density of 2×105 cells/well were plated onto 12-well plates and CEEF was added to cells at a final concentration of 100 μg/ml. Cells were incubated for 0, 6, 12, 24, 48 and 72 h. For DNA content analysis, cells were washed with PBS and fixed in 70% ethanol at -20°C overnight then re-suspended in PBS containing 40 μg/ml PI (Sigma Chemical Co, St. Louis, Missouri, USA) and 0.1 mg/ml RNase A and 0.1% Triton X-100 in a dark room for 30 min at 37°C, and analyzed by flow cytometry as previously described Ni et al., 2012()
. 
DAPI staining and Comet assay for DNA damage
DU145 cells at a density of 2×105 cells/well on 12-well plates were incubated with 100 μg/ml CEEF for 0, 6, 12, 24, 48 and 72 h. Cells were divided into two parts, one for 4’-6-diamidino-2-phenylindole (DAPI) (Invitrogen, Carlsbad, California, USA) staining for DNA condensation and one for Comet staining by PI for determining DNA damage. Samples were photographed using fluorescence microscopy as described previously 
 ADDIN EN.CITE 
(Lee et al., 2012; Wu et al., 2012)
  
DNA gel electrophoresis
DU145 cells at a density of 2×105 cells/well on 6-well plates were incubated with 100 μg/ml CEEF for 0, 6, 12, 24, 48 and 72 h. DNA from each treatment was isolated using an Easy-DNA Kit (Invitrogen, Carlsbad, California, USA) according to the manufacturer’s instructions. The isolated DNA pellet was rinsed with 70% ethanol at –20 °C and dried under vacuum. The DNA was then resuspended in 50 l of TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 7.5). Electrophoresis was performed using 1.5% agarose gels containing 0.5 g/ml of ethidium bromide as described previously Ni et al. 2012()
. 
TUNEL Stain Assays
The DU145 cell apoptosis was assessed by the TUNEL assay. Experiment procedure was carried out with a commercially available in situ apoptosis detection kit (BioVision, Inc., CA, USA).  Cells were grown on coverslips and were treated with 100 μg/ml CEEF and then were fixed, followed by permeabilized with 0.1% (v/v) Triton X-100. The slides were rinsed and covered with the TUNEL staining solution to bind the fluorescein-dUTP to the DNA break terminals. TUNEL-positive cells were identified with a confocal microscopy (Leica TCS SP2 confocal spectral microscope (Heidelberg, Germany) using an excitation wavelength in the range of 488–623 nm and detection wavelength in the range of 488-520 nm (green). Three digitized images of similar total cell numbers were selected from each cover slide 
 ADDIN EN.CITE 
(Lin et al., 2014; Shen et al., 2013)
.

Determinations of reactive oxygen species (ROS), Ca2+ release and mitochondrial membrane potential (ΔΨm)
DU145 cells at a density of 2×105 cells/well on 12-well plates were seeded for 24 h then were treated with 100 μg/ml CEEF for 0, 0.5, 1, 2, 4, 6, 12, 24, 48 and 72 h under 5% CO2 and 95% air at 37°C. All cells were collected individually from each well and washed twice with PBS, then re-suspended in 500 μl of DCFH-DA (10 μM) for ROS (Invitrogen, Carlsbad, California, USA), Indo 1/AM (3 μg/ml) (Invitrogen, Carlsbad, California, USA) for Ca2+  production and DiOC6 (1 μmol/l) (Invitrogen, Carlsbad, California, USA) for the level of ΔΨm and incubated in darkness for 30 min at 37°C. All samples were analyzed by flow cytometry Flow cytometry (Becton-Dickinson, San Jose, CA, USA) as described previously 
 ADDIN EN.CITE 
(Chen et al., 2012; Ma et al., 2012)

Western blotting assay for cell cycle arrest and apoptosis associated proteins in DU145 cells

DU145 cells at the density of 5×106 cells were seeded on 6-well plates overnight then were treated with 100 μg/ml CEEP for 0, 6, 12, 24, 48 and 72 h. Cells were harvested and washed with ice-cold PBS then lysed with lysis buffer (Millipore, Temecula, CA, USA) containing 40 mM Tris-HCl (pH 7.4), 10 mM EDTA, 120 mM NaCl, 1 mM dithiothreitol, 0.1% Nonide P-40. The lysate was centrifuged at 12000 rpm for 20 min at 4°C, and the supernatant was stored at -20°C, until further analysis. The total protein concentration from each lysate was determined using a Bio Rad kit (Hercules, California, USA). Equal amounts of protein samples were separated by SDS polyacrylamide gel electrophoresis and electro-transferred onto Hybrid PVDF membranes (Millipore, Temecula, CA, USA) at 100 V for 1 h at 4°C. The membranes were probed with primary antibodies (in blocking solution; dilution 1: 500 - 1: 1000) by gently rocking at 4°C, overnight or at room temperature for 1 h for 24 h then were washed and stained with secondary antibody (peroxidase-conjugated goat-anti-rabbit IgG or anti-mouse IgG; dilution 1 : 2000) for enhanced chemiluminescence (NEN Life Science Products, Inc, Boston, MA, USA) as described previously 
 ADDIN EN.CITE 
(Chen et al. 2012; Ni et al. 2012)
.
Real-time PCR of caspase-3, -8 and -9, AIF and Endo G

DU145 cells at a density of 2×105 cells/well on 12-well plates were seeded 24 h then were treated with 100 μg/ml CEEF for 0 and 24 h then the total RNA was extracted from each treatment using the Qiagen RNeasy Mini Kit. RNA samples were reverse-transcribed for 30 min at 42 °C with High Capacity cDNA Reverse Transcription Kit according to the standard protocol of the supplier (Applied Biosystems) (Applied Biosystems, Foster City, CA). Quantitative PCR was using this condition: 2 min at 50 °C, 10 min at 95 °C, and 40 cycles of 15 s at 95°C, 1 min at 60 °C using 1 μl of the cDNA reverse-transcribed as described above, 2× SYBR Green PCR Master Mix (Applied Biosystems) and 200 nM of forward and reverse primers caspase-3-FCAGTGGAGGCCGACTTCTTG, caspase-3-R TGGCA CAAAGCGACTGGAT; caspase-8-F GGATGGCCACTGTGAATAACTG, caspase-8-R TCGAGGACATCGCTCTCTCA; caspase-9-F TGTCCTACTCTACTTTCCCAGGTTTT, caspase-9-R GTGAGCCCACTGCTCAAAGAT; Endo G-F:GTACCAGGTCATCGGCAAGAA, Endo G-R: CGTAGGT GCGGAGCTCAATT; AIF-F: GGGAGGACTACGGCAAA GGT, AIF-R: CTTCCTTGCTATTGGCATTCG; GAPDH-F ACACCCACTCCTCCACCTTT, GAPDH-R TAGCCAAATTCGTTGTCATACC. Each assay was performed on an Applied Biosystems 7300 Real-Time PCR system in triplicate. The expression fold-changes were derived using the comparative CT method 
 ADDIN EN.CITE 
(Liu et al., 2011; Liu et al., 2012a; Yu et al., 2012b)

Effects of CEEF on distribution of AIF and Endo G from cytoplasm to nuclei in DU145 cells 
Translocation of DU145 cells at density of 5×104 cells/well were cultured on 4-well chamber slides and incubated with 100 μg/ml of CEEF or vehicle for 24 h. The cells in each well were fixed directly in 4% formaldehyde in PBS for 15 min then were permeabilized with 0.3% Triton-X 100 in PBS for 1 h and stained using primary antibodies to AIF (Santa Cruz Biotechnology, Inc. Calif, USA) or Endo G (Santa Cruz Biotechnology, Inc. Calif, USA), cytochrome c (Santa Cruz Biotechnology, Inc. Calif, USA) (1:100 dilution) (green fluorescence) overnight. Cells were then washed with PBS, stained with secondary antibody (FITC-conjugated goat anti-mouse IgG at 1:100 dilution), followed by PI (red fluorescence), DAPI (blue fluorescence) staining the nuclei or followed by mitochondria in live cells staining with Mitotracker (red fluorescence) as described previously and its accumulation is dependent upon membrane potential. All samples were examined and photomicrographed using a Leica TCS SP2 Confocal Spectral Microscope (Heidelberg, Germany) 
 ADDIN EN.CITE 
(Ip et al., 2011; Lu et al., 2012)
.

Statistical analysis 

All experiments were repeated at least three times and results are shown as mean ± SD. Significance was determined by paired Student’s t-test. Significant differences between groups were *P<0.05; **P<0.01; ***P<0.001.
RESULTS 

CEEF induced cell morphological changes and decreased the percentage of viable DU145 cells in vitro
CEEF induced morphological changes (Fig. 1A.) in a concentration-dependent manner. It can be seen in Figure 1B that CEEF significantly reduced cell viability in a concentration-dependent manner. 
CEEF induced S phase arrest in DU145 cells 

Figure 2 show that CEEF altered the cell cycle. DU145 cells accumulated in S and Sub-G1 phases after exposure to CEEF, whereas the cell population in G1 was decreased in a concentration-dependent manner. Collectively, these observations suggest that CEEF causes S arrest and induced apoptosis in DU145 cells. 
CEEF induced DNA condensation, fragmentation, damage and cell apoptosis in DU145 cells

Cells after treated with CEEF then were harvested for DNA condensation which was assayed by DAPI staining (Fig. 3A), DNA fragmentation which was assayed by DNA gel electrophoresis (Fig. 3B), DNA damage which was detected by using the Comet assay (Fig. 3C) and cell apoptosis which was examined by TUNEL assay (Fig. 3D). Based on these results (Figs. 3A and D) indicated that CEEF induced DNA condension, fragmentation and damage and cell apoptosis in DU145 cells and these effects are in atime-dependently. 
CEEF increased reactive oxygen species (ROS), intracellular Ca2+ release and reduced the mitochondrial membrane potential (ΔΨm) in DU145 cells 
It is well known that ROS, Ca2+ and ΔΨm play an important role in cell apoptosis. Therefore, cells were treated with 100 μg/ml of CEEF for various time periods and levels of ROS and Ca2+ ΔΨm were determined, and the data are summarized in Figure 4. CEEF ROS (Fig. 4A) and Ca2+ levels (Fig. 4B) but decreased the levels of ΔΨm (Fig. 4C) in and these effects were time-dependent manner.
Effects of CEEF on cell cycle and apoptotic associated proteins in DU145 cells 
It can be seen in Figure 5 that CEEF increased protein levels of p21 and p27 and CDC25A but decreased levels of CDK1 CDK2, and CDK6 and Cyclin E (Fig. 5A). CEEF also increased levels of catalase, SOD2, GST and GPx (Fig. 5B) which may explain the observed increase in ROS production. CEEF promoted the expression of p53, Apaf1, Fas, Fas ligand and Trail (Fig. 5C), AIF, Endo G, cytochrome c and Par-4, (Fig. 5D), active form of caspase-3 and -9 and PARP (Fig. 5E) but inhibited the expressions of XIAP, Bid and Bcl-2 (Fig. 5D). These data support the hypothesis that CEEF acts by inducing apoptosis.
Effects of CEEF on caspase-3, -8 and -9 and AIF and Endo G mRNA expression in DU145 cells 
Results indicated that CEEF promoted the gene expressions of caspase-3 and -9 (Fig. 6A), AIF and Endo G (Fig. 6B) mRNA but did not affects caspsae-8 mRNA expression in DU145 cells. 
CEEF altered AIF, Endo-G and cytochrome c distribution in DU145 cells 
DU145 cells were maintained on 4-well chamber slides which then were treated with 100 μg/ml of CEEF for 24 h then to examine the translocation of associated proteins (AIF, Endo G and cytochrome c) by using confocal laser system microscope. AIF (Fig. 7A), Endo-G (Fig. 7B) and cytochrome c (Fig. 7C) were released from mitochondria and move to nuclei. These data indicated that CEEF promoted apoptotic associated protein translocation from mitochondria to nuclei which was associated with apoptosis in DU145 cells.
DISCUSSION
Treatment options for prostate cancer are limited. In this study, we are the first to show that CEEF inhibits the growth of a human prostate cancer cell line (DU145) in vitro. DU145 cells treated with various concentrations of CEEF accumulated in the S phase of the cell cycle and underwent apoptosis in a dose and time-dependent manner. The characters of cell apoptosis were further confirmed by DNA gel electrophoresis and TUNEL assays. Our results suggest that CEEF blocked proliferation of tumor cells by arresting the cells in the S phase of the cell cycle (Fig. 1 and 2). This action occurred by means of the up-regulation of p21 and p27 and down-regulation of CDK1, CDK2, CDK6 and cyclin A (Fig. 5A). Those kinases are required for G0/G1 transition to S phase arrest. Inhibition of cyclin-cdk complex might also be amplified by simultaneous up-regulation of the p21/WAF1 protein 
 ADDIN EN.CITE 
(Cmielova and Rezacova 2011; Hu and Moscinski 2011; Lu and Hunter 2010)
.  We propose that CEEF induced S phase arrest in DU145 cells occurs through CDK -and cyclin A-inhibitory pathway. 
It is well documented that mitochondria play an important role in apoptosis 
 ADDIN EN.CITE 
(Estaquier et al. 2012; Scatena 2012; Shoshan-Barmatz and Golan 2012)
. The mitochondrial function have been reported be regulated by Bcl-2 family proteins such as antiapoptotic (Bcl-2, Bcl-XL) and proapoptotic members (Bax, Bak) 
 ADDIN EN.CITE 
(Giam et al., 2008; Ola et al., 2011; Rolland and Conradt 2010; Wang and Youle 2009)
. CEEF treatment resulted in a significant decrease in the levels of mitochondria membrane potential (ΔΨ) and this effect was time-dependent (Fig. 4C). CEEF also significantly decreased anti-apoptotic proteins such as Bcl-2 and Bid and XIAP. Those results indicate that changes in the ratio of pro-apoptotic and anti-apoptotic Bcl-2 family proteins may contribute to the apoptosis-promotion activity of CEEF. CEEF promoted the active forms of caspase-3 and -9 (Fig. 5E) and results from confocal laser microscope (Fig. 7) also demonstrated that CEEF stimulated the expression of AIF and Endo G which were released from mitochondria (Fig. 7). We also confirmed that CEEF increased mRNA of AIF and Endo G, caspase-3 and -9 (Fig. 6). Based on those observations, we conclude that mitochondrial actions play an important role in CEEF-mediated apoptosis. 

CEEF may also be inducing toxicity by other mechanisms. ROS accumulation can inhibit tumor growth 
 ADDIN EN.CITE 
(Cui 2012; Ray et al., 2012; Yuzhalin and Kutikhin 2012)
. Several studies have shown that anticancer agents can enhance ROS production associated with apoptotis in cells 
 ADDIN EN.CITE 
(Federico et al., 2012; Mates et al., 2012; Naziroglu et al., 2012)
. We found that CEEF induced ROS production in DU145 cells (Fig. 4A). It was reported that intracellular redox is regulated by antioxidant enzymes such as SOD, catalase, glutathione peroxidase and non-enzymatic antioxidants such as GSH, vitamin C 
 ADDIN EN.CITE 
(Devasagayam et al., 2004; Drevet 2006; Valko et al., 2006)
. Our results showed that CEEF increased protein expression of catalase, SOD2, GST and GPx (Fig. 5B). Those results may explain CEEF promoted the increase in ROS production in cells treated with CEEF. In addition, ROS can induce apoptosis by triggering mitochondrial permeability transition pore opening seen as a reduction of ΔΨ resulting in the  release of proapoptotic factors such as Bax and Bad and activation of caspase-9 and AIF and Endo E 
 ADDIN EN.CITE 
(Burwell and Brookes 2008; Jin and Johnson 2010; Zhang et al., 2012; Zorov et al., 2006)
. CEEF reduced the mitochondrial membrane potential.  
In summary, this report provides evidence showing that the crude extract of Euphorbia formosana (CEEF) induced cytotoxic effects in DU145 cells via S phase arrest of cell cycle distribution and induction of apoptosis by oxidative stress (ROS production caused mitochondrial dysfunction) and partially mediated by caspase-dependent and independent apoptotic pathways (Fig. 8).  
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Figure Legends
Figure 1. CEEF affected the percentage of viable cells and morphological changes DU145 cells. DU145 cells in 12-well plate were treated with 0, 10, 25, 50, 100, 150, 200 and 250 μg/ml of CEEF for 24 and 48 h. (A) Cells were harvested for examined photographed for cell morphological changes and (B) measuring the percentage of viability by using trypan inclusion assay as described in Materials and Methods. 
Figure 2. CERP induced S-phase arrest and sub-G1 in DU145 cells. Cells were treated with 100 μg/ml of CEEF for 24 h then were collected to examine cell cycle distribution by flow cytometer as described in Materials and Methods. 
Figure 3. CEEF induced DNA condension, fragmentation and damage in DU145 cells. Cells were treated with 100 μg/ml of CEEF for 0, 6, 12, 24, 48 and 72 h then were collected to measure (A) the DNA condension by DAPI staining, (B) DNA fragmentation by DNA gel electrophoresis, (C) DNA damage by Comet assay and (D) cell apoptosis (D) by TUNEL assay as described in materials and methods. Data were presented from three independent experiments. Significantly different from the control and CEEF treated groups at *p <0.05; **p <0.01; ***p <0.001.
Figure 4. CEEF promote reactive oxygen species (ROS) production, intracellular Ca2+ release and the level of mitochondrial membrane potential (ΔΨm) in DU145 cells. DU145 cells were treated with 100 μg/ml of CEEF for 0, 0.5, 1, 2, 4, 6, 12, 24, 48 and 72 h. All cells were collected then were re-suspended in (A) DCFH-DA for ROS; (B) Indo 1/AM for Ca2+ production and (C) DiOC6 for the level of ΔΨm (C). Then all samples were analyzed immediately by flow cytometry as described in materials and methods. Significantly different from the control and CEEF treated groups at *p <0.05; **p <0.01; ***p <0.001.
Figure 5. CEEF affected cell cycle arrest and apoptosis associated proteins in DU145 cells. DU145 cells were seeded on 6-well plate then were treated with 100 μg/ml CEEF for 0, 6, 12, 24, 48 and 72 h. Cells were harvested and the total protein concentration was determined and were separated by SDS polyacrylamide gel electrophoresis and then were transferred to the membrane, further for primary antibodies such as (A) p21, p27, CDC25A, CDK1, CDK2, CDK6 and Cyclin A; (B) SOD2, GST, catalase and GPx; (C) p53, Apaf1, Fas, Fasligand and Trail; (D) AIF, Endo G, cytochrome c, xIAP, Bid, Bcl2 and Par-4, (E) caspase-3 and -9 and PARP-c. Then were washed and stained by secondary antibody as described in Materials and Methods. Data were presented as mean ± S.D. of the results from three independent experiments.
Figure 6. CEEF affect on caspase-3, -8 and -9 and AIF and Endo G mRNA expressions in DU145 cells. DU145 cells were treated with 100 μg/ml of CEEF. The total RNA was extracted and then were reverse-transcribed cDNA followed by real time PCR for quantitating (A) caspase-3, -8 and -9 and (B) AIF and Endo G gene expressions. Significantly different from the control group and CEEF treated groups at **p <0.01.

Figure 7. CEEF affected the translocation of apoptosis-associated proteins in the DU145 cells. Cells were treated with 100 μg/ml of CEEF for 24 h then were fixed and stained with primary antibodies to (A) AIF; (B) Endo G and (C) cytochrome c and the secondary antibody (FITC-conjugated goat anti-mouse IgG (green fluorescence) followed by PI (red fluorescence), DAPI (blue fluorescence) staining the nuclei or MitoTracker (red fluorescence) staining the mitochondria. Cells were examined and photographed using a Leica TCS SP2 confocal laser microscopic system (Heidelberg, Germany) as described in Materials and methods. Scale bar, 40 μm.. 
Figure 8. The proposed apoptosis model of possible signaling pathways from DU145 cells after exposure to CEEF.
