1
[bookmark: _GoBack]Inhibitory effects of tetrandrine on epidermal growth factor-induced invasion and migration in HT29 human colorectal adenocarcinoma cells

CHI-TING HORNG1,2,*, JAI-SING YANG3,*, JO-HUA CHIANG4, CHI-CHENG LU5, FU-AN CHEN6

1Medical Education Center, Kaohsiung Armed Forces General Hospital, Kaohsiung City 802, Taiwan
2Institute of Biochemistry and Biotechnology, Chung Shan Medical University and Chung Shan Medical University Hospital, Taichung City 402, Taiwan
3Bracco Pharmaceutical Corp. Ltd., Taipei City 104, Taiwan
4Department of Biological Science and Technology, China Medical University, Taichung City 404, Taiwan
5Department of Food Science and Biotechnology, National Chung Hsing University, Taichung City 402, Taiwan
6Department of Pharmacy & Graduate Institute of Pharmaceutical Technology, Tajen University, Pingtung County 907, Taiwan

*These authors contributed equally to this work.

Running title: Tetrandrine inhibits metastatic effects in EGF-induced colorectal cancer cells

Correspondence to: Prof. Fu-An Chen, Department of Pharmacy & Graduate Institute of Pharmaceutical Technology, Tajen University, No.20, Weixin Rd., Yanpu Township, Pingtung County 90741, Taiwan. 
E-mail: fachen.tajen@yahoo.com.tw


Abstract
Tetrandrine is known to reduce cancer cell proliferation and to inhibit metastatic effects in multiple cancer models in vitro and in vivo but the effects of underlying mechanism of tetrandrine on HT29 human colorectal cancer cell metastasis are still well investigated. In the present study, tetrandrine treatment dose-dependently inhibited the epidermal growth factor (EGF)-stimulated HT29 cell invasion and migration; however no effect of cell viability occurred by tetrandrine at 0.5 to 2 μM. Tetrandrine inhibited the enzymatic activities of matrix metalloprotease (MMP)-2 and MMP-9 in a concentration-dependent manner. We also detected a reduction of the mRNA expression of both MMP-2/-9 in treated HT29 cells. Tetrandrine suppressed the protein phosphorylation of epidermal growth factor receptor (EGFR) and downstream pathway, including phosphoinositide-dependent kinase 1 (PDK1), phosphatidylinositol 3-kinase (PI3K) (p85), phosphorylated AKT for the suppression of MMP-2 and MMP-9 expression. In addition, tetrandrine triggered the mitogen-activated protein kinase (MAPK) signaling through suppressing phosphorylated extracellular signal-regulated protein kinase (ERK) activation. Our data suggest that targeting EGFR signaling and its downstream molecules contributed to an inhibition of the metastasis in EGF-induced HT29 human colorectal adenocarcinoma cells caused by tetrandrine, eventually leading to a reduction of mRNA expression and enzymatic activities of MMP-2 and MMP-9, respectively. 
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The epidermal growth factor receptor (EGFR) is a member of receptor tyrosine kinases (RTKs){Segatto, 2011 #1149}{Segatto, 2011 #1149}{Segatto, 2011 #1149}{Segatto, 2011 #1149} (1), and its activation by ligand binding stimulates multiple signals, including phosphatidylinositol 3-kinase (PI3K)/AKT, mitogen-activated protein kinases (MAPKs) and nuclear factor-kappaB (NF-κB) pathways, ultimately resulting in cellular proliferation, survival, angiogenesis invasion, and metastasis (2, 3). Abnormal protein activity and/or expression of EGFR has been correlated with the etiology of several human cancers, including colorectal cancer (CRC) (4, 5), non-small cell lung cancer (NSCLC) (6, 7), head and neck squamous cell carcinoma (HNSCC) (8, 9), breast cancer (10, 11), pancreatic cancer (12) and brain cancer (13). EGFR has been validated as a therapeutic target in human CRC (14), and the chemotherapeutics include biological agents as cetuximab (Erbitux), which is an EGFR inhibitor (15). EGFR protein function depends on the formation of homodimers or heterodimers that comprise the three members of the EGFR [human epidermal receptor 1 (HER1)] family of growth factor receptors (HER2, HER3 and HER4) following binding of an EGFR-selective ligand (16). The activated ligands contain the epidermal growth factor (EGF), transforming growth factor-α (TGF-α), amphiregulin or neuregulin (17). Phosphorylated tyrosine residues serve as several signaling proteins, finally stimulating cell proliferation, loss of differentiation, invasion, angiogenesis and blocking of apoptosis (15, 17).
Tetrandrine is a bisbenzylisoquinoline alkaloid isolated from the dried root of Stephania tetrandra of the Menispermaceae (18, 19). Tetrandrine shows broad pharmacological actions, including anti-inflammatory, anti-rheumatic and anti-hypertensive effects (20-22). Many reports have indicated that tetrandrine presents anticancer effects on colon cancer (23, 24), bladder (25), and lung cancer (26) as well as leukemia (27) and hepatoma (28) in vitro. Tetrandrine inhibits the viability of HeLa and HepG2 cells in vitro and suppresses ascites tumors in mice in vivo (29). Tetrandrine inhibits Wnt/β-catenin signaling and inhibits tumor growth of HCT116 human colorectal cancer (23). The previous study also showed that tetrandrine induces cell apoptosis through activating reactive oxygen species (ROS) and repressing Akt activity in human hepatocellular carcinoma (HCC) (30). In our previous, we have found that tetrandrine induces cell death in SAS human oral cancer cells through caspase activation-dependent apoptosis and LC3-I and LC3-II activation-dependent autophagy (31). Wu et al. (32) demonstrates that tetrandrine inhibits cell proliferation in a dose- and time-dependent manner, and cell migration and invasion in vitro. Furthermore, protein expressions of ADAM17, p-EGFR, and p-AKT were inhibited by tetrandrine in glioblastoma U87 cells. Hence, the evidence suggests that suppression of EGFR-PI3K/AKT signaling pathway might contribute to tetrandrine-inhibited cell migration and invasion for anticancer activities. In the current study, we demonstrate that tetrandrine acted on the phosphorylation of EGFR and sequentially inactivated the PI3K/AKT kinase cascade, repressed the ERK-mediated signaling and thereafter reduced MMP-2 and MMP-9 signals, finally leading to the inhibition of EGF-induced HT29 cell invasion in vitro.

Materials and methods
Chemicals and reagents. Tetrandrine, epidermal growth factor (EGF) and MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide) were purchased from Sigma-Aldrich Crop. (St. Louis, MO, USA). Antibodies against AKT, EGFR, ERK, JNK, p38, MMP-2, MMP-9, β-actin and GAPDH were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Anti-phospho-AKT (S308), anti-phosphor-AKT (S473), anti-phospho-EGFR (Y845), anti-phospho-EGFR (Y992), anti-phospho-EGFR (Y1068), anti-phospho-ERK (Thr202/Tyr204), anti-phospho-JNK (Thr183/Tyr185), anti-phospho-PDK1, anti-phospho-PI3K and anti-phospho-p38 (Thr183/Tyr185) antibodies were purchased from Cell Signaling Technology (Danvers, MA, USA). Horseradish peroxidase (HRP)-conjugated secondary antibodies such as rabbit anti-mouse IgG, goat anti-rabbit IgG and donkey anti-goat IgG were purchased from Santa Cruz Biotechnology. Dulbecco’s Modified Eagle Medium (DMEM), fetal bovine serum (FBS), L-glutamine, penicillin-streptomycin and trypsin-EDTA were purchased from Gibco/Life Technologies (Carlsbad, CA, USA).

Cell culture. Human colorectal adenocarcinoma cell line HT29 was cultured in DMEM supplemented with 10% FBS, 100 units/ml penicillin, 100 μg/ml streptomycin and 2 mM L-glutamine and incubated at 37 °C in a humidified chamber with 5% CO2 (33). 

Cell invasion assay. The membrane of each transwell insert was coated with Matrigel (BD BioCoat MatrigelInvasion Chamber, BD Bioscience, Bedford, MA, USA) following manufacturer’s instructions. HT29 cells (2x104) were seeded into the chamber of the insert and incubated with 0.5 ml complete DMEM in each transwell. Cells were treated with 100 ng/ml EGF and various concentrations of tetrandrine (0, 0.5, 1 and 2 μM) for 48 h, and cells inside the chamber were then removed by a cotton swab. Invaded cells were fixed with 4% formaldehyde in PBS and stained with 0.1% hematoxylin, captured and the number of invaded cells was counted (34, 35).
. 

Cell migration assay. The membrane of each transwell insert (BD biosciences) was washed with 1X PBS. HT29 cells (2x104) were seeded into the chamber of the insert and incubated with 0.5 ml of complete DMEM in each transwell. Cells were treated with 100 ng/m EGF and various concentrations of tetrandrine (0, 0.5, 1 and 2 μM) for 48 h and then cells inside the chamber were removed by a cotton swab. Migrated cells were fixed with 4% formaldehyde in PBS and stained with 0.1% of hematoxylin, captured and the number of invaded cells was counted (34).

Cell viability assay. HT29 cells (2x104) were seeded into the 96-well plate and treated with EGF (100 ng/ml) and tetrandrine (0, 0.5, 1 and 2 μM) for 48 h. Medium was removed and replaced with fresh DMEM containing MTT (0.5 mg/ml) and cultured at 37 °C incubator for an additional 4 h. Medium was again removed and 200 μl of DMSO was added into each well to dissolve the formazan crystals and the absorbance of each well was measured at 570 nm with a reference wavelength at 620 nm on an ELISA reader. The data of untreated control sample was set as 100% and the relative cell viability of drug-treated samples was calculated accordingly (36).

Gelatin zymography assay. HT29 cells (1x105) into 12-well plate were treated with EGF (100 ng/ml) and various concentrations of tetrandrine (0, 0.5, 1 and 2 μM) in serum-free DMEM for an additional 48 h. Culture medium was spun at 1000 x g for 10 min at 4˚C, supernatant was collected and protein concentration was determined as described below. Total protein (5 μg) was mixed with 2X sample buffer (0.125 M Tris-HCl, pH 6.8, 4% SDS, 20% glycerol, 0.01% bromophenol blue) and electrophoresed in an 8% SDS-polyacrylamide gel with 1% gelatin. Gel was incubated with 2.5% Triton X-100 at room temperature for 30 min to remove residual SDS and then incubated in Zymogen developing buffer (50 mM Tris, pH 7.5, 200 mM NaCl, 5 mM CaCl2, 1 μM ZnCl2, 0.02% Brij-35; Bio-Rad Laboratories, Hercules, CA, USA) at 37˚C overnight. Gel was then washed extensively with water and stained with 0.5% Coomassie blue G-250 (0.5% Coomassie blue G-250, 50% methanol and 10% acetic acid) for 2 h and de-stained in de-staining solution (50% methanol and 10% acetic acid) until clear zones were evident. The gel was scanned by a scanning digitizing system and digitized by using free Image J software (NIH) (37).

Real-time PCR analysis. HT29 cells were treated with 0, 0.5, 1 and 2 μM of tetrandrine and EGF (100 ng/ml) for 24 h and cells were collected. Total RNAs were isolated using the Qiagen RNeasy mini Kit. cDNAs were synthesized using the High Capacity cDNA Reverse Transcription kit according to the supplier’s brochure (Applied Biosystems). For the quantitative PCR reaction, 1 μl of cDNAs were mixed with 2X SYBR Green PCR Master Mix (Applied Biosystems) and 200 nM of forward and reverse primers (see below for detailed sequences) (38, 39). PCR reaction was performed on an Applied Biosystems 7300 Real-Time PCR system in triplicate according to the following conditions: 2 min at 50˚C, 10 min at 95˚C and 40 cycles of 15 sec at 95˚C, 1 min at 60˚C. Fold changes of the gene expression were derived using the comparative CT method. The used primer pairs were: human MMP-2-forward, 5'-CCCCAGACAGGTGATCTTGAC-3'; human MMP-2-reverse, 5'-GCTTGCGAGGGAAGAAGTTG-3'; human MMP-9-forward, 5'-CGCTGGGCTTAGATCATTCC-3'; human MMP-9-reverse, 5'-AGGTTGGATACAT CACTGCATTAGG-3'; human GAPDH-forward, 5'-ACACC CACTCCTCCACCTTT-3'; human GAPDH-reverse, 5'-TAGC CAAATTCGTTGTCATACC-3'

Preparation of whole cell lysate and immunoblotting. HT29 cells were challenged with EGF (100 ng/ml) and treated with various concentrations of tetrandrine (0, 0.5, 1 and 2 μM) for the specified time and cells were collected for the preparation of whole cell lysate using iced-cold RIPA buffer (50 mM Tris-base, 150 mM NaCl, 0.1% SDS, 1% sodium deoxycholate, 1% NP-40, pH 7.5) supplemented with protease inhibitors including leupeptin (17 mg/ml), sodium orthovanadate (10 mg/ml), phenylmethanesulfonyl fluoride (10 mg/ml). Cells were completely re-suspended in extraction buffer and kept in ice for 30 min with occasional mixing and cell lysate were collected by a spin at 12,000 x g for 10 min at 4˚C. The protein concentration was measured using Bio-Rad Protein Assay Dye Reagent Concentrate (Bio-Rad) as previously described (38). The obtained cell lysate was resolved in sodium dodecyl sulfate-polyacrylamide gel and transferred onto polyvinylidene fluoride (PVDF) membrane (Millipore) by using the iBlot Dry Blotting Transfer System (Invitrogen/Life Technologies). The transferred membranes were blocked in 5% non-fat milk (prepared in Tris-buffered saline supplemented with 0.1% Tween-20; TBST) at ambient temperature for 1 h and incubated with primary antibody at 4˚C overnight. Membranes were washed with TBST three times for 10 min before incubated with HRP-coupled secondary antibody for 1 h. Protein signals were visualized by enhanced chemiluminescence (ECL) and exposed to Bio-MAX MR X-ray film (Eastman Kodak, Rochester, NY, USA) (38, 39).

Statistical analysis. One-way ANOVA followed by Student’s t-test was used to evaluate the differences between treated and experimental groups. p<0.05 was considered to define a statistically significant difference. 

Results
Tetrandrine inhibits EGF-stimulated cell invasion and migration of HT29 cells. We determined the effects of tetrandrine on EGF-stimulated HT29 cells. EGF-treatment increased the invasion of HT29 cells, as revealed by Matrigel invasion assay (Figure 1A). Treatment of EGF-stimulated HT29 cells with tetrandrine decreased the invasion of cells in a concentration-dependent manner (Figure 1A). Alternatively, EGF-treatment increased the migration of HT29 cells, as revealed by cell migration assay (Figure 1B). Treatment of EGF-stimulated HT29 cells with tetrandrine decreased the migration of cells in a concentration-dependent manner (Figure 1B).

No effect occurs on the cell viability of EGF-stimulated HT29 cells after lower concentrations of tetrandrine exposure. We have known that tetrandrine inhibited the invasion and migration of EGF-stimulated HT29 cells (Figure 1) due to the inhibition of tetrandrine on the viability of EGF-stimulated cells. To test this, we treated EGF-stimulated HT29 cells with different concentrations (0, 0.5, 1 and 2 μM) of tetrandrine and performed by MTT cell viability assay. The result showed that tetrandrine at 0.5-2 μM did not inhibit the viability of EGF-stimulated HT29 cells, as compared to cells without drug treatment (Figure 2). 

Tetrandrine inhibits the enzymatic activities of MMP-2 and MMP-9 in EGF-stimulated HT29 cells. Many reports have shown that matrix metalloproteinases including MMP-2 (gelatinase A) and MMP-9 (gelatinase B) are expressed in colorectal cancer (40). These two MMPs are closely linked to the malignant potential of tumor cells and are also important for tumor invasion and migration (41). To evaluate the effects of tetrandrine on the enzymatic activities of MMP-2 and MMP-9, we treated EGF-stimulated HT29 cells with different concentrations (0, 0.5, 1 and 2 μM) of tetrandrine and assessed the enzymatic activities of MMP-2 and MMP-9 by gelatin zymography. As shown in Figure 3, treatments of cells with tetrandrine suppressed the enzymatic activities of both MMP-2 (Figure 3A) and MMP-9 (Figure 3B) in a concentration-dependent manner.

Tetrandrine reduces the gene expression of MMP-2 and MMP-9 in EGF-stimulated HT29 cells. To address whether the inhibition of MMP-2 and MMP-9 was at the transcriptional level, we treated EGF-stimulated cells with tetrandrine (0, 0.5, 1 and 2 μM), and the effects of tetrandrine were analyzed by quantitative RT-PCR. As shown in Figure 4, treatment of tetrandrine significantly decreased the mRNA expression of both MMP-2 (Figure 4A) and MMP-9 (Figure 4B) in a concentration-dependent fashion. Taken together, these data suggested that both gelatinases (MMP-2 and MMP-9) are involved in the EGF-induced invasion of HT29 cells.

Tetrandrine inhibits the activation of EGFR. Binding of EGF to its cognate receptor EGFR results in the activation of EGFR that involves the autophosphorylation of EGFR and activation of PI3K/AKT and MAPKs pathways, leading to cell proliferation and survival, invasion, metastasis and angiogenesis (2, 3). We determined the effects of tetrandrine on the activation of EGFR proteins by examining the tyrosine phosphorylation of EGFR in EGF-challenged HT29 cells. As shown in Figure 5A, tetrandrine treatment (0.5, 1 and 2 μM) inhibited the tyrosine phosphorylation of EGFR at Y845, Y992 and Y1068 concentration-dependently, while the protein levels of total EGFR remained largely unchanged. These data suggested that tetrandrine treatment suppressed the activation of EGFR in EGF-challenged HT29 cells.

Tetrandrine decreases the protein phosphorylation of p-PDK1, PI3K and AKT in EGF-stimulated HT29 cells. We examined the effects of tetrandrine on downs-tream PI3K/AKT signaling pathways. Tetrandrine treatment (0.5, 1 and 2 μM) reduced the protein phosphorylation of PDK1, PI3K (p85) and profoundly reduced the protein phosphorylation of AKT (S308) and AKT (S473) in EGF-challenged cells (Figure 6). Total proteins of PI3K (p85), AKT was not changed during drug treatment. These data indicated that PI3K/AKT signaling pathway downstream of EGFR signaling is down-regulated by tetrandrine treatment.

Tetrandrine affects the MAPK signaling pathway in EGF-stimulated HT29 cells. We also determined the effects of tetrandrine on the MAPK (p38, JNK and ERK) signaling pathways and downstream of EGFR activation. Tetrandrine treatment (0.5, 1 and 2 μM) decreased the protein phosphorylation of ERK (Figure 7). The protein expression of p38, JNK and ERK appeared not to be affected (Figure 7), suggesting that the MAPK signaling pathway can be inhibited after tetrandrine treatment.

Discussion
Colorectal cancer is the third most common cause of cancer death (4, 5). It is necessary to identify and develop new colorectal anticancer agents that will selectively target the tumor (15) because the treatment for colorectal cancer is still unsatisfactory. It was reported that the induction of cell apoptosis through the caspase cascade triggered by tetrandrine has inhibitory effects to various tumor cells (23-28).  The current of our studies indicated that HT29 cells are sensitive to the cytotoxic actions of the tetrandrine. In the present study, we demonstrated the anti-metastasis effect of tetrandrine on EGF-challenged HT29 cancer cells and elucidate the underlying mechanisms of action. Tetrandrine treatment showed anti-metastasis effect and cell migration and invasion inhibition on HT29 cells (Figure 1). To the best of our knowledge, this is the first report of the effects of tetrandrine on human colorectal cancer.
Tsai et al. demonstrated that the dysregulation of epidermal growth factor receptor (EGFR) has been associated with colorectal cancer in Taiwan (42). The expression of EGFR, HER2 and HER3 was therefore analyzed in colorectal cancer cells from primary tumors, corresponding lymph node metastases and, in a few cases, liver metastases (43, 44). Dysregulation of human epidermal growth factor receptor (ErbB/HER) pathways by over-expression or constitutive activation can promote tumor processes including angiogenesis and metastasis in many human cancers (4-13). Many studies demonstrated that tetrandrine inhibits cell metastasis in 4T1 breast cancer cells (18) and CT26 colorectal cancer cells in vivo (24). Tetrandrine-treated BALB/c mice (10 mg/kg/day) have fewer metastases than vehicle treated mice, and no acute toxicity or obvious body weight changes (24). Our results indicated that tetrandrine can inhibit the EGF-induced invasion of HT29 cells through the inactivation of EGFR and downstream signaling, including the suppression in the phosphorylation cascade of PI3K, PDK1 and AKT and hence the reduction of phosphorylated ERK. These results are consistent with the previous study using lung cancer cells (45). 
    Matrix metalloproteases (MMPs) are responsible for the degradation of the extracellular matrix and facilitating spreading and metastasis of tumor cells. The expression of MMP-2 and MMP-9 was shown to be associated with tumor invasion and metastasis of colorectal cancer (40, 41). The activities and mRNA expression of MMP-2 and MMP-9 were downregulated after treatment with tetrandrine in EGF-stimulated HT29 cells (Figs. 3 and 4). Our results suggested that tetrandrine suppressed the invasion and metastasis of EGFR-overexpressed HT29 cancer cells by reducing the mRNA expression and activities of MMP-2 and MMP-9 through the interference with the phosphorylation of EGFR and downstream signals.
  The major downstream pathway regulated by EGFR is MAPK pathway (46). Our finding demonstrated that the phosphorylation of ERK was decreased after tetrandrine treatment in HT29 cells is contradictory to the previous reports that tetrandrine suppresses lipopolysaccharide-induced microglial activation by inhibiting NF-κB and ERK signaling pathways in BV2 cells (47). It has been reported that tetrandrine can induce cell autophagy through the activation of MAPK (48), and this raises the possibility that tetrandrine may trigger autophagy in addition to the suppression of invasion and metastasis in our system. However, our data showed that the cell viability was not affected after tetrandrine treatment (1-2 μM) (Figure 1B). This suggests that the in-activation of MAPK by tetrandrine may elicit the downstream signaling and drive specific genes expression to repress the invasion and metastasis of HT29. Further detailed mechanism needs to be elucidated.
Taken together, we demonstrate that tetrandrine is a promising chemotherapeutic agent with a variety of anticancer effects such as inhibition of migration and invasion in human colorectal cancer HT29 cells in vitro. These findings suggest that tetrandrine is likely to be a potential candidate for the treatment of human colorectal cancer. 
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Figure legends
Figure 1. Effects of tetrandrine on invasion and migration in EGF-induced HT29 human colorectal adenocarcinoma cells. Cells after 100 ng/ml EGF induction were seeded in the upper chamber of the transwell insert and treated with 0.5, 1 and 2 μM of tetrandrine for 48 h to assess the number of (A) cell invasion and (B) migration. Data are expressed on the basis of basal cells representing 100%. The results are indicated as the means ± SD of three independent experiments. *, significantly different (p < 0.05) from the basal sample; #, significantly different (p < 0.05) from control (EGF only) cells. 

Figure 2. Effects of tetrandrine on HT29 cell viability. Cells were treated with or without 0.5, 1 and 2 μM of tetrandrine after treatment with 100 ng/ml EGF for 48 h and then determined by the MTT assay as described in the Materials and Methods. Each point is the mean ± S.D. of three experiments. 

Figure 3. Effects of tetrandrine on the activity of MMP-2 and MMP-9 in EGF-induced HT29 cells. Cells were incubated with or without 0.5, 1 and 2 μM of tetrandrine for 48 h and then subjected to gelatin zymography assay as described in the Materials and Methods. Quantitative data of MMP-2 (A) and MMP-9 (B) enzymatic activity were determined and represented the mean ± SD of three independent experiments. *, significantly different (p<0.05) from the basal sample; #, significantly different (p<0.05) from control (EGF only) cells.

Figure 4. Effects of tetrandrine on the gene expression of MMP-2 and MMP-9 in HT29 cells after EGF stimulation. Cells were pre-incubated with 100 ng/ml EGF and exposed to 0.5, 1 and 2 μM of tetrandrine for 48 h. Real-time PCR analysis was performed by using different specific primers after total RNA purification. All results are shown as means ± SD of three independent experiments. *, significantly different (p < 0.05) from control (EGF only) cells.

Figure 5. Effects of tetrandrine on EGFR signaling in EGF-induced HT29 cells. Cells prion to 100 ng/ml EGF exposure were treated with or without 0.5, 1 and 2 μM of tetrandrine. After 48 h challenge, cell lysates were harvested and subjected to western blot analysis , as described in the Materials and Methods. The protein expression of p-EGFR (Y845), p-EGFR (Y992), p-EGFR (Y1068) and EGFR was employed and adjusted for equivalent loading using the Actin antibody.

Figure 6. Effects of tetrandrine on PI3K/AKT pathway in EGF-stimulated HT29 cells. After 100 ng/ml EGF stimulation, cells were treated with 0.5, 1 and 2 μM of tetrandrine for 48 h, and cell lysates were subjected to western blot for the detections of p-PDK1, p-PI3K (p85), PI3K, p-AKT (S308), p-AKT (S473) and AKT protein levels. Each band was normalized to the Actin.

Figure 7. Effects of tetrandrine on MAPK pathway in HT29 cells after EGF-induction. Cells in the presence or absence of 100 ng/ml EGF were treated with 0.5, 1 and 2 μM of tetrandrine for 48 h and lysed to subject to immunobloting. The whole-cell lysates were tested for p-ERK, ERK, p-JNK, JNK, p-p38 and p38. Actin serves as an internal control.
