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Abstract
Objective: This study was purposed to investigate the effect of Fangchinoline (Fan) on the regulation of tumor growth and apoptosis in vivo.

Methods: Immunohistochemistry (IHC) was used to determine the protein levels of p27, CD117 and ki67 in tumor tissue of xenograft. After
treatment of Fan, the morphologic changes were observed by DAPI staining, Hoechst staining and TUNEL detection under fluorescent
microscopy. The protein expression of Bax, Bcl-2 active Caspase-3 and cytochrome-c were measured by Western blotting.

Results: Fan repressed xenograft tumor growth in vivo by 33% compared with control and inhibited tumor cells proliferation by up-
regulating p27 and down-regulating CD117 and Ki67. DAPI staining, Hoechst staining and TUNEL staining showed that Fan induced
apoptosis in vivo. Furthermore, the protein levels of Bcl-2 decreased, while the expression of Bax and active Caspase-3 and cytochrome-c
increased.

Conclusion: Fan showed significant effect of down-regulation of CD117 and ki67. It also could up-regulation of p27 and induce apoptosis
in vivo. The mechanisms may involve up-regulating Bax/Bcl-2 ratio and expression of active Caspase-3 and cytochrome-c.
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Introduction

Radix Stephaniae tetrandrae, dry roots of Stephaniae tetrandrine S. Moore (Menispermaceae), is officially and traditionally used as
an analgesic and anti-hypertension drug in China. The main chemical constituents in radix Stephania tetrandrae are tetrandrine
(Tet) and fangchinoline (Fan) [1]. Tet has an antiadherent effect that might result from its inhibition of Ca®* influx and reactive
oxygen species formation, resulting in suppression of up-regulation of Mac-1 and, in turn, neutrophil adhesion to fibrinogen [2].
In the past several years, important progress had been made in the study of the mechanisms of effect of Fan on some diseases. Lin
Ty et al. reported that Fan inhibited glutamate release from rat cerebral cortex nerve terminals and had been shown to possess
neuroprotective properties [3]. Fan has anti- inflammatory effects [4] and antioxidant activity [5]. Most recently, Zhang YH et
al. reported that Fan inhibits proliferation and cells cycle progression of aortic vascular smooth muscle cell through inhibition of
ERK1/2 activation and c-fos expression [6]. However, the anti-tumor activity of Fan in breast cancer is still unknown.

Breast cancer remains the second leading cause of cancer deaths among women. The multifactorial nature of breast carcinogenesis,
as well as the cellular and molecular diversity within tumors, have rendered it difficult for the development of molecularly targeted
treatments and the drug may be applied to the broad range of breast tumors. Nerve growth factor has been used as a target in
curing breast cancer in the form of anti-NGF antibodies or small interfering RNA against NGF displaying inhibition of tumor
growth and metastasis [7]. Nanobin encapsulation of As,O, improves the pharmacokinetics and antitumor efficacy in breast cancer
in vivo [8,9]. Based on the progress of anti-tumor therapeutics, we selected Fan, an efficient component of Stephaniae tetrandrine
to test its potential effect on breast cancer.
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We hypothesize that Fan induces breast cancer apoptosis in MDA-MB-231 breast cancer cell lines in vivo. Moreover, our data
shows that Fan repressed the tumor growth. In TUNEL experiment, the positive cell immunofluorescence of the cells treated by
Fan was much more than that of the control. Immunohistochemistry demonstrated that CD117 and Ki67 protein expression levels
were repressed by Fan. Moreover, western-blot showed that the protein expression levels of active caspase 3 and cytochrome-c were
increased and ratio of Bax/Bcl-2 was also up-regulated by Fan.

Material and Methods

Tumor xenografts in nude mice

The experimental procedures were approved by our institutional animal research ethics committee with reference to the Chinese
community guidelines for the use of experimental animals. Six-week-old female Balb/c-nu-nude mice were obtained from the
Laboratory Animal Center of Hubei Province, China. The experimental license number is scxk (Hubei) 2003-0005. The mice
were kept under sterile conditions and pathogen-free in isolated pathogen-free ventilation chambers at 20-22 and 45-50% relative
humidity. The animal rearing facility was maintained on a 12h light-dark cycle. All the animals were given free access to sterilized
food and water, and were under habituation for 10 days before experiment.

Cells suspension was obtained by trypsinization of confluent MDA-MB-231 cells. The mice were randomly assigned to control and
various treatment groups of 12 mice each, and anesthetized with ip injection of 75mg/kg ketamine and 10mg/kg xylazine. The mice
were treated with intravenous injection of Fan once daily (days 0-16). Cell suspension was injected subcutaneously into the back of
each animal at a cell density of 1x107 in 200 pl of phosphate buffered saline. The day of tumor implantation was designated as day
0. Tumor volume was measured using a digital caliper every 4 days, and was calculated as (lengthxwidth?)/2 [10]. The mice were
monitored for 16 days after tumor inoculation. The body weight of all animals was recorded throughout the entire experimental
period to assess drug toxicity. Any mortality during the course of the study was also recorded.

Immunohistochemistry

All immunostaining techniques were performed in paraffin-embedded 4-um tissue sections using a previous step of heat-induced
antigen retrieval technique for all the antibodies. Thus, before incubation with the primary antibody, slides were treated in
a microwave oven at 650 W for three cycles in a solution of 0.01 mol/l sodium citrate (pH 6). The following antibodies were
used: anti-p27, anti-CD117, and anti-Ki67 (Santa Cruz Biotechnology Inc.). The sections were incubated with biotinylated
immunoglobulin for 20 min, followed by peroxidase-labeled streptavidin for 20 (Peroxidase Detection System, Novocastra
Laboratories Ltd, Newcastle upon Tyne, UK) with diaminobenzidine chromogen as a substrate. Nuclei were counterstained with
hematoxylin. In each experiment, positive and negative controls were included.

DAPI, hoechst and TUNEL staining

Tissue slides were wax depleted. The cells were stained with 6-diamidino-2-phenylindole (DAPI) or Hoechst- 3224 (Sigma) for 10
mins and then washed by PBS for 10 times. Slides treated by TNUEL reagent (Roche) for 60 min and then washed by PBS for three
times and every time for 5 min each. Slides were mounted on glass slides for examination with fluorescence microscopy.

Western blot analysis

Tumor tissues were treated by liquid nitric and lysed with NP40 buffer (1% NP-40, 0.15 M NaCl, 50mM Tris, pH 8.0) containing
protease inhibitors (Sigma). Tissues lysates were centrifuged at 12,000g for 10 mins at 4 °C, and the supernatants were stored
at -80 °C. Protein quantitation was performed with BCA protein assay reagent (Pierce, Rockford, IL, USA). Equal amounts of
proteins from different groups were denatured in SDS sample buffer and separated on 10% polyacrylamide-SDS gel based on the
protein molecular weight. Proteins were transferred in 25 mM of Tris, 192 mM of glycine, and 20% methanol to polyvinylidene
difluoride. Blots were blocked with Tris-buffered saline (TBS; 20 mM of Tris-HCI [pH 7.5] and 137 mM of NaCl) containing 0.1%
Tween20 and 5% dried milk powder. Mouse monoclonal to Bax (Santa Cruze), Rabbit polyclonal to Bcl-2 (Santa Cruze), Rabbit
polyclonal to cytochrome-c, p27 (Santa Cruze), Rabbit polyclonal antibody beta-actin (Santa Cruze) and Rabbit monoclonal to
caspase3 and active-caspase3 (Santa Cruze) were used to detect the signals. The antigen-antibody complexes were visualized using
the appropriate secondary antibodies (Sigma) and the enhanced chemiluminescence detection system, as recommended by the
manufacturers. The proteins of interest were detected by using SuperSignal West Pico Chemiluminescent Substrate kit.

Statistical analyses

Statistical analysis was performed using SPSS-17.0 software. Data were analyzed using one-way analysis of variance and Tukey
HSD test was applied as a post hoc test if significance was determined. Statistical significance for two groups was assessed using
Student’s t-test. The probability level P value of less than 0.05 was considered statistically significantly.

Result
The anti-tumorgenic effect of Fan in nude mice xenograft
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To define whether Fan suppressed tumorigenic ability, we detected the tumor tissues volume every two days during the time of
therapeutically using the Fan at 5mg/kg in the nude mice. The volume of tumor in Fan treated group was smaller than that in
the control group, as shown in Figure 1A. On the day of sacrifice (day 16), Fan treatments at the given dose resulted in about
50.5% tumor suppression, and Fan-induced tumor tissues volume reduction was significantly from day 4 onwards, with average
suppression of 33% (Figure 1B).
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Figure 1: Fan inhibited tumor growth in MDA-MB-231 cells xenograft (A) Photographic illustration of tumors in control and Fan- treated nude mice on
the day of sacrifice (16 days); (B) Quantitative analysis of tumor volume. The tumor volume of Fan (5mg/kg) treated for 4 days was 0.5 times smaller than
that of the control group (*p<0.05 vs control). The tumor volume of Fan (5mg/kg) treated for 8 days was 0.7 times smaller than that of the control group
(*p<0.05 vs control). The tumor volume of Fan (5mg/kg) treated for 12 days was 0.5 times smaller than that of the control group (**p<0.01 vs control). The
tumor volume of Fan (5mg/kg) treated for 16 days was 0.4 times smaller than that of the control group (**p<0.01 vs control)

Fan up-regulated p27 and down-regulated CD117 and ki67 protein expression in nude mice xenograft

To characteristic of the effects of Fan on cell cycle, we studied whether p27 protein, the marker gene of cell cycle at the stage of G1,
was regulated in tumor by using immunohistochemistry. As shown in Figure 2C and D, P27 gene expression was increased in the
tumor treated by Fan in nude mice xenograft. To further testify the result, we detected the p27 protein expression in tumor using
western-blotting. The western blot result showed that the p27 protein expression level was 4 times higher in tumor treated by Fan
than that in the control tumor (Figure 4A, B). Histological H&E staining analysis showed that the cell numbers of tumor treated
by Fan is much less than that in the control group (Figure 2A, B). Furthermore, there are many empty places in the section of
tumor treated by Fan (Figure 2A, B). We hypothesized that Fan inhibited cell proliferation in the tumor of nude mouse xenograft,
and we detected CD117 and Ki67 gene expression, the related marker gene of cell proliferation in tumor which treated by Fan
and the control group using immunohistochemistry. The immunohistochemistry results showed that stained by CD117 and Ki67
antibody, the positive cells in the Fan treated group are less than those in the control group. In addition, there are almost no
positive cells stained by CD117 and Ki67 antibody in the tumor tissue treated by Fan (Figure 2E, F, G, H). The results indicated
that Fan inhibited tumor cell proliferation through down-regulating CD117 and Ki67 protein expression in tumor growth.

Fan induced apoptosis in nude mice xenograft

To define if Fan induces cell apoptosis, we used DAPI staining to detect the nuclear of tumor cells. We detected characteristic
apoptotic changes in the nuclei. The nuclei of tumor were condensed and fragmented in Fan treated tumor groups (Figure 3). In
control groups, the nuclei of tumor showed no evidence of apoptosis (Figure 3 up. left panel). To confirm our finding that Fan
induces tumor cell apoptosis, we used Hoechst staining of the tumor section. The results were the same as DAPI staining (Figure
3. middle, up and down). Furthermore, we used TUNEL staining to detect the apoptotic cell in tumor section. The results showed
that there was no green fluorescence cell in the control group. However, there are many cells which displayed green fluorescence
(Figure 3 right, down panel). Totally, all above three experiments confirmed that Fan induced cell apoptosis in tumor xenograft.

Fan induced apoptosis through activating Caspase3 and cytochrome-c and up-regulated the ratio of
Bax/Bcl-2 in nude mice xenograft

To gain further insight into the molecular mechanisms underlying Fan induced apoptosis, we analysis the ratio of Bax/Bcl-2,
which is the key of apoptosis pathway. The result demonstrated that Fan induced Bax protein was increased 4 times and the Bcl-
2 protein was repressed about 1.8 times in the Fan treated group compared with the control group. The ratio of Bax/Bcl-2 was
up-regulated about 8.2 times in Fan treated group compared with control group (Figure 4A, B). In addition, active-Caspase3 and
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cytochrome C are the two key proteins involved in mitochondrial apoptotic signal pathway. The western-blot results showed that
the cytochrome-c level was 5 times higher in the Fan treated group than that in the control group, and active Caspase3 level was 4
times higher in the Fan treated group than that in the control group (Figure 4C and D). This suggested that Fan induced apoptosis
in tumor xenograft by activating mitochondrial apoptotic signal pathway with up-regulated active-Caspase3 and cytochrome-c
protein expression.
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Figure 2: Fan increased P27 protein expression and repressed CD117 and Ki-67 protein expression in MDA-MB-231 cell xenograft. HE staining
and immunohistochemistry staining (A, B). With 5mg/kg Fan stimulation, p27 protein was induced in tumor(C, D). In contrary, with 5mg/kg Fan
stimulation, CD117 (E, F) and Ki-67(G, H) protein were reduced in tumor
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Figure 3: Fan induced tumor apoptosis in MDA-MB-231 cell xenograft. DAPI staining. The nuclei of tumor cells were condensed and fragmented in the
Fan treated tumor as indicated by the arrows, compared with the control tumor cells. Hoechst staining. The nuclei of tumor cells were condensed and
fragmented in the Fan treated tumor as indicated by the arrows, compared with the control tumor cells. The TUNEL positive cells were indicated by the
arrow compared with the control tumor cells
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Figure 4: Fan induced tumor apoptosis via increasing Bax, p27, cytochrome-c and active-caspase3 protein expression and repressing Bcl-2 protein
expression in MDA-MB-231 cell xenograft (A) Western blot of Bax, p27 and Bcl-2 protein in control and Fan (5mg/kg) treated mice for 16 days in
MDA-MB-231 cell xenograft. For Bax and P27 proteins, the signals were strong in Fangchinoline (5mg/kg) stimulated for 16days in MDA-MB-231 cell
xenograft. However, for Bcl-2 protein, the signals were stronger in control; (B) Quantification of Bax, p27 and Bcl-2 levels by western blot as in A. Bax,
p27 and Bcl-2 protein levels in tumor were normalized to the loading control beta-actin. The level of Bax and p27 in the tumor treated with Fan (5mg/
kg) was 4 and 5 times higher than that in the control respectively. The level of Bcl-2 in the tumor treated with Fan (5mg/kg) was 0.55 times lower than
that in the control respectively; (C) Western blot of cytochrome-c, Caspase3 and active-Caspase3 protein in control and Fan (5mg/kg) treated mice for 16
days in MDA-MB-231 cell xenograft. For cytochrome-c and active-Caspase3 protein, the signals were strong in Fan (5mg/kg) treated group for 16 days in
MDA-MB-231 cell xenograft and weak in control group. However, for Caspase3 protein, there was no significant difference in signals between control and
Fan (5mg/kg) stimulated group for 16days in MDA-MB-231 cell xenograft; (D) Quantification of cytochrome-c and active-Caspase3 levels by western
blot as in C. Cytochrome-c and active-Caspase3 protein levels in tumor were normalized to the loading control beta-actin. The level of cytochrome-c and
active-Caspase3 in the tumor treated with Fan (5mg/kg) was 5 and 4 times higher than that in the control respectively

Discussion

Here, we demonstrated that Fan repressed the volume of breast cancer xenograft and induced apoptosis. Previously, Choi HSC
et al. [4,5] reported that Fan has Anti-inflammatory effects. Zhang YH et al. [8,9] also reported that Fan inhibited rat aortic
vascular smooth muscle cell proliferation and cell cycle progression through inhibition of ERK1/2 activation and c-fos expression.
However, this is the first report to demonstrate that Fan induced apoptosis in breast cancer xenograft and Fan could be consider
as a potential drug for future breast tumor therapy.

First, the tumor volume in xenograft treated by Fan was smaller than the control group (Figure 1). HE staining displayed that
the tumor cell numbers treated by Fan are decreased compared with the control in Figure 2. These results demonstrated that Fan
arrested tumor cell cycle or inhibited the cell proliferation. P27 is a member of the Cip/Kip family of cyclin-dependent kinase
(Cdk) inhibitors that function to negatively regulate cyclin A-Cdk2 and cyclin E-Cdk2 complexes in the nucleus, preventing
cell cycle progression [10]. We hypothesized that Fan could inhibit cell cycle of breast cancer cell and we tested the proteins
expression of p27 by immunohistochemistry. And our results also showed that p27 protein expression was up-regulated by Fan in
MDA-MB-231 breast tumor xenograft. CD117 antigen [11] and Ki67 [12] proteins are the marks of cell proliferation. Our results
demonstrated that Fan down-regulated CD117 and Ki67 proteins expression compared with the control. Based on the results, we
suggested that Fan down-regulated the marker proteins of CD117 and Ki67 and inhibited proliferation of MDA-MB-231 cells.

To identify if Fan induces breast cancer apoptosis, we applied DAPI and Hoechst staining and TUNEL immunofluorencese staining.
DAPI and Hoechst staining results showed that the number of cell unclear decreased compared with the control group and the
characteristics of apoptosis fragment and degradation of nuclear were found in the slides. TUNEL immunofluoresence staining
result demonstrated that Fan up-regulated the positive cells of TUNEL compared with control. Mitochondrial outer-membrane
permeabilization, which regulates the release of apoptosis promoting proteins from the mitochondrial intermembrane space, is
mediated by pro and antiapoptotic members of the Bcl-2 family. The antiapoptotic family members Bcl-2 and Bclxl have been
shown to block the release of apoptosis promoting proteins, whereas proapoptotic members such as Bax promote the apoptosis
process. Therefore, we decided to explore the effect of Fan on Bax activation. Bax activation was investigated in tumor xenograft
by western blot. Our result showed that Fan up-regulated Bax activation (Figure 4A). The change of mitochondrial membrane
permeability is essential for apoptosis process. The decrease of mitochondrial membrane potential will lead to translocation of
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cytochrome C into cytoplasm. The Bcl-2 family proteins maintain the stability of mitochondrial membrane potential and the
releasing of mitochondrial proteins by directly modulating the activity of voltage dependent anion channel. However, Bax alters
the physical properties of the voltage dependent anion channel, making the voltage dependent anion channel permeable the
cytochrome C, through its BH4 domain [13]. Fan up-regulated Bax activation in our experiment and this phenomena demonstrated
that Bax increased the ability of voltage dependent anion channel permeable. The result also showed that cytochrome-C was up-
regulated by Fan. Since Bcl-2 is thought to protect cells from apoptosis by preventing the dissipation of voltage dependent anion
channel and subsequent cytochrome-C release, we investigated the Bcl-2 protein expression level in Fan treated group. The result
showed that Fan decreased the Bcl-2 protein level. From these results we found that Fan up-regualted Bax protein expression and
down-regulated Bcl-2 protein expression level, which induced cell apoptosis.

To further address the question if Fan directly causes the apoptosis, we tested protein expression levels of active caspase3 using
antibody against the active form of this protein. The result demonstrated that Fan up-regulated active Caspase 3 protein expression
level. Many literatures reported that the apoptosis protein Bax and anti-apoptosis protein Bcl-2 are correlated proteins. Up-
regulation of active caspase3 and cytochrome-c induces cell apoptosis [14-16]. Our results demonstrated that Fan up-regulated the
ratio of Bax/Bcl-2 and also induced the protein expression levels of active Caspase3 and cytochrome-c.
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