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Abstract:



Ixeris dentata (Thunb. Ex Thunb.) Nakai (ID) exhibits various physiological activities, and its related plant derived-products are expected to represent promising cancer therapeutic agents. However, the anticancer effects of ID extract on breast cancer cells classified as estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) are still unknown. In this study, we investigated the anti-cancer effects and analyzed the molecular mechanism of ID extract in T47D, MCF-7 (ER-, PR-positive, HER2-negative), SK-BR-3(ER-, PR-negative, HER2-positive), and MDA-MB-231 (Triple-negative) through in vitro studies. Additionally, we examined its anti-tumor effects through in vivo studies. Our findings indicated that ID extract-induced apoptosis was mediated via various survival pathways on four breast cancer cells by identifying the factors including Bcl-2 family, phospho-Akt and phospho-nuclear factor-κB (NF-κB). Based on in vitro findings that induced apoptosis via Akt-NF-κB signaling, we investigated the effects of ID extract on mice bearing MDA-MB-231 cells. The results showed that ID extract significantly decreased MDA-MB-231 tumor volume and weight via inducing apoptosis by suppressing phospho-Akt. Overall, these results indicate that ID extract induces apoptosis through the Akt-NF-κB signaling pathway in MDA-MB-231 breast cancer cells and tumors, and it may serve as a therapeutic agent for triple-negative human breast cancer.
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1. Introduction


Breast cancer is the most common type of cancer to affect women worldwide, accounting for 23% of all cancer diagnoses and 14% of cancer-related deaths [1]. Various genetic and environmental factors, including family history and a Westernized diet, are regarded as the major risk factors for breast cancer, but the exact cause has not yet been identified [2]. Breast cancer can be categorized according to the expression of hormone receptors, including estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2). ER-negative breast cancers, which account for almost 25%–30% of all breast cancers, have a poorer prognosis than that of ER-positive cancers [3,4]. However, all types of breast cancer have a risk of relapse, and prognosis is poor after breast cancer recurrence [5,6]. Therefore, an exploration of novel therapeutic agents is needed for the treatment and prevention of breast cancer.



Ixeris dentata (ID) is an edible and officinal herb typically used for treatment of indigestion, pneumonia, hepatitis contusion, and tumors in Northeast Asia, including Korea [7]. It contains aliphatics, triterpenoids, cymaroside, and sesquiterpene glycosides [8,9,10], and has various physiological functions, including neuroprotective [11], anti-mutagenic [12], anti-hyperlipidemic [13], anti-inflammatory [14], anti-allergic [15], and anti-proliferative activities [16]. However, the anti-tumor effects of ID extract on human breast cancer cells are unknown.



Akt, also known as protein kinase B (PKB), belongs to the serine/threonine kinase family comprised of PKB family members, including PKBα/Akt1, PKBβ/Akt2, and PKBγ/Akt3 in mammalian cells [17]. Akt, a downstream effector of PI3-kinase, and it plays important roles in signaling pathways in response to growth factors and other extracellular stimuli to modulate several cellular functions, including nutrient metabolism, angiogenesis, and cell migration, growth, apoptosis, and survival [18,19]. In addition, Akt is the major upstream factor activating and regulating nuclear factor-κB (NF-κB) via phosphorylation of p65 by IκB kinase (IKK) both directly and indirectly [20]. Therefore, Akt may confer some of its pro-survival effects by interacting with other pathways and may help increase the efficacy of new therapeutic agents.



Transcription factor NF-κB is a main regulator of the immune response and is involved in the development and progression of diseases such as autoimmune diseases and cancer [21]. The NF-κB family consists of five members: RelA, RelB, c-Rel, NF-κB1 (p105/p50), and NF-κB2 (p100/p52) [22]. Normally, NF-κB dimers (p50/p65) interact with inhibitors of NF-κB (IκBs), IkBα, IkBβ, and IkBε in the cytoplasm. In most cases, activation of NF-κB is dependent on phosphorylation of the IKK complex, which includes IKKα, IKKβ, and IKKγ. Upon phosphorylation by IKK, IκBs are targeted for ubiquitination and proteasomal degradation [23,24]. The activated NF-κB inhibits apoptosis by inducing the expression of anti-apoptosis genes such as Bcl-xL, cellular inhibitor of apoptosis, caspase inhibitors, and c-Myc, and it also induces the expression of a number of target genes involved in cell growth, differentiation, and the inflammatory response [25,26]. Thus, the regulation of NF-κB suggests that it plays a pivotal role in the progression of breast cancer, not only in vitro but also in vivo.



In this study, we compared the anti-cancer efficacy of ID extract in the human breast cancer cell lines T47D, MCF-7, SK-BR-3, and MAD-MB-231 through in vitro studies, and demonstrated anti-tumor effect though in vivo studies by using the breast cancer cell that induced apoptosis significantly. This study highlights the potential medicinal applications of ID extract, a naturally derived product that may serve as a novel therapeutic agent for human breast cancer.




2. Results


2.1. Effects of Ixeris dentata (ID) Extract on Survival Rate Inhibition in T47D, MCF-7, SK-BR-3, and MDA-MB-231 Cells


To identify the effect of ID extract on the survival rate of breast cancer cells, T47D, MCF-7, SK-BR-3, and MDA-MB-231 cells were treated with various concentrations of ID extract (0, 6.25, 12.5, 25, 50, 100, or 200 µg/mL) for 24 h, and the viability of cells was measured as compared with untreated controls using the 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. As shown in Figure 1, ID extract inhibited cell viability in a dose-dependent manner in MCF-7 and MDA-MB-231 cells, whereas the viability of T47D and SK-BR-3 cells were unaltered at ID extract concentrations ≤50 µg/mL. MDA-MB-231 cells were strongly susceptible to ID extract treatment. Treatment with 100 or 200 µg/mL ID extract for 24 h resulted in a significant decrease in cell viability in the T47D, MCF-7, SK-BR-3, and MDA-MB-231 cells. These results suggest that ID extract induces cell death and inhibits cell viability in T47D, MCF-7, SK-BR-3, and MDA-MB-231 cells at concentrations ≥100 µg/mL.


Figure 1. Effects of Ixeris dentata (ID) extract on the cell viability in breast cancer cells. T47D, MCF-7, SK-BR-3, or MDA-MB-231 cells were treated with various concentrations of ID extract for 24 h, and cell viability was determined by 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Results are presented as means ± standard deviation (SD) of three independent experiments. * p < 0.05 was considered to indicate statistical significance compared with non-treated controls.
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2.2. Effects of ID Extract on Morphological Changes in T47D, MCF-7, SK-BR-3, and MDA-MB-231 Cells


DAPI (4′,6-diamidino-2-phenylindole) staining was performed to identify the effect of ID extract on morphological changes associated with the nuclear and chromosomal condensation. T47D, MCF-7, SK-BR-3, and MDA-MB-231 cells were treated with or without 100 or 200 µg/mL ID extract for 24 h. Apoptotic cells after DAPI staining were observed by fluorescence microscopy. As shown in Figure 2A, the DAPI-positive cells were considerably more likely found in cells treated with 100 or 200 µg/mL ID extract as compared with the untreated control group. Moreover, the number of apoptotic cells increased in a dose-dependent manner by ID extract, but apoptotic cells were more often observed in MCF-7 and MDA-MB-231 cells as compared with T47D and SK-BR-3 cells (Figure 2B). These results indicate that ID extract inhibited the cell viability of T47D, MCF-7, SK-BR-3, and MDA-MB-231 cells by inducing apoptosis.


Figure 2. Effects of ID extract on the chromatin condensation in breast cancer cells. (A) T47D, MCF-7, SK-BR-3, or MDA-MB-231 cells were treated with ID extract for 24 h. Apoptotic bodies were stained with DAPI (4′,6-diamidino-2-phenylindole). Arrows indicate chromatin condensation. Cleaved nuclei were examined using fluorescence microscopy (200×); (B) As shown in the right panel, apoptotic cell numbers of T47D, MCF-7, SK-BR-3, are MDA-MB-231 are presented as percentages. The indicated bar is 10 µm. * p < 0.05. ID: Ixeris dentata.
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2.3. Inhibitory Effects of ID Extract on Akt Kinase Activation


To verify the effect of ID extract on the Akt cell survival pathway, T47D, MCF-7, SK-BR-3, and MDA-MB-231 cells were treated with ID extract for 24 h and analyzed by western blot. The results revealed that phosphorylation (p) of Akt at Ser473 was decreased in a dose-dependent manner in MCF-7 and MDA-MB-231 cells, whereas no changes were observed in T47D or SK-BR-3 cells compared with the non-treatment group. The expression of the Akt downstream effector glycogen synthase kinase-3β (Gsk-3β) was also significantly decreased in MCF-7 and MDA-MB-231 cells, but not in T47D or SK-BR-3 cells (Figure 3). These results indicate that ID extract induced apoptosis through the inhibition of Akt activation in MCF-7 and MDA-MB-231 breast cancer cells.


Figure 3. Effects of ID extract on Akt signaling pathway in breast cancer cells. Cells were treated with absence or presence of ID extract for 24 h and harvested to measure protein levels of Akt, p-Akt, and p-GSK-3β (phosphor-glycogen synthase kinase-3β) by western blotting. We used the housekeeping protein β-actin as a positive loading control in all experiments. The bars in the graphs represent the mean ± SD calculated from three independent experiments. * p < 0.05. ID: Ixeris dentata.
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2.4. Inhibitory Effects of ID Extract on NF-κB Kinase Activation


To confirm whether NF-κB is involved in ID extract-induced apoptosis, we examined the expression levels of NF-κB and its linked protein, IκBα, in ID extract-treated cells. As shown in Figure 4, the expression levels of NF-κB were decreased and the expression levels of IκBα were increased in MDA-MB-231 cells. These results suggest that the inhibition of NF-κB activation may be the underlying mechanism by which ID extract induces apoptosis in ER-negative breast cancer cells.


Figure 4. Effects of ID extract on NF-κB signaling pathway in breast cancer cells. Cells were treated with absence or presence of ID extract for 24 h and harvested to measure protein levels of p-NF-κB and IκBα, which were measured by western blotting. We used the housekeeping protein β-actin as a positive loading control in all experiments. The bars in the graphs represent the mean ± SD calculated from three independent experiments. * p < 0.05. ID: Ixeris dentata.
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2.5. Effects of ID Extract on the Expression of Apoptosis Pathway Proteins


To evaluate the apoptosis-inducing effect of ID extract in breast cancer cells, T47D, MCF-7, SK-BR-3, and MDA-MB-231 cells were treated with or without 100 or 200 µg/mL ID extract and analyzed by western blot. As shown in Figure 5, the expression of Bax, a pro-apoptotic factor, increased, whereas the expression of Bcl-2, an anti-apoptotic factor, decreased in a concentration-dependent manner. Additionally, we found that expression levels of cleaved caspase-9 and PARP (poly(ADP-ribose)polymerase) increased, whereas expression levels of XIAP (X chromosome-linked inhibitor of apoptosis), an anti-apoptotic factor, decreased following ID extract treatment. These results suggest that the apoptotic mechanism induced by ID extract in breast cancer cells is associated with Bcl-2 family proteins.


Figure 5. Effects of ID extract on apoptosis-related protein expression in breast cancer cells. Cells were treated with absence or presence of ID extract for 24 h and harvested to measure protein levels of apoptosis pathway by western blotting. We used the housekeeping protein β-actin as a positive loading control in all experiments. The bars in the graphs represent the mean ± SD calculated from three independent experiments. * p < 0.05. ID: Ixeris dentata.
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2.6. Inhibition of Effects of ID Extract on Tumor Growth in Nude Mice


Based on the in vitro findings of the anticancer potential of ID extracts through Akt/NF-κB pathway in breast cancer cells, we examined the in vivo effects of ID extract on breast tumor growth using MDA-MB-231 breast cancer xenograft models. None of the doses had any detectable toxicity reaction, and there were no statistically significant effects on the behavior or appearance of the mice (data not shown). In addition, there was not a significant alteration in body weight (Figure 6A). As shown in Figure 6B, MDA-MB-231 tumor volume significantly reduced in mice treated with 100 or 200 mg/kg ID extract as compared with control (p < 0.05). A significant reduction in the MDA-MB-231 tumor size on day 12 was observed in the group treated with ID extract compared with the control. These trends persisted over time, and the reduction was greatest on day 22. On day 22, the respective mice were sacrificed and the tumors resected. Compared with the control, the mean tumor weight was reduced by the ID extract treatment (Figure 6C). As shown in Table 1, the MDA-MB-231 mice treated with ID extract showed a 24% reduction in tumor size in the 100 mg/kg group and a 70% reduction in the 200 mg/kg group on day 22 (both p < 0.05 compared with the control group, 0 mg/kg). A terminal deoxyribonucleotide transferase-mediated dUTP nick end-labeling (TUNEL) assay was performed to examine the effect of ID extract on apoptotic cell death in the tumor tissues. As shown in Figure 6D,E, an increase of the number of TUNEL-positive cells was observed in the tumor tissue of MDA-MB-231-bearing mice treated with 200 mg/kg ID extract as compared with the control mice (p < 0.05). In addition, immunohistochemistry was performed to investigate the effects of ID extract on expression levels of Ki-67, the protein responsible for the rate of tumor growth, and p-Akt, the protein for confirmation of association with in vitro studies. Ki-67 and p-Akt levels were decreased in a concentration-dependent manner (Figure 7). These findings suggest that ID extract strongly inhibited the growth of breast cancer MDA-MB-231 tumors by inducing apoptosis of tumor cells.


Figure 6. Effects of ID extract on inhibition of MDA-MB-231 breast cancer tumor growth and induction of apoptosis. Mice received an injection of MDA-MB-231 cells and were divided into three groups. ID extract was administered orally five times per week. On day 22, mice were sacrificed and the tumors were excised; (A) Body weight curves of MDA-MB-231 cell-bearing mice; (B) The tumor volume curves of MDA-MB-231 cell-bearing mice; (C) The tumor weight bars of MDA-MB-231-bearing mice; (D) Tumor tissues were analyzed by terminal deoxyribonucleotide transferase-mediated dUTP nick end-labeling (TUNEL) assay. Paraffin-embedded tumors were sectioned to a thickness of 5 µm. The slides were examined under a microscope and photographed (200×). Indicated bar is 10 µm; (E) Apoptotic body number of MDA-MB-231 tumor presented as percentages. The results are expressed as the mean ± SD. * p < 0.05. ID: Ixeris dentata.
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Figure 7. Effects of ID extract on Ki-67 and phospho-Akt (p-Akt) expression. Paraffin-embedded tumors were sectioned to a thickness of 5 µm and analyzed by immunohistochemistry to identify Ki-67 and p-Akt. The slides were examined under a microscope and photographed (400×). Indicated bar is 5 µm. ID: Ixeris dentata.
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Table 1. Tumor inhibition rate of mice implanted with MDA-MB-231 breast cancer cells treated with ID extract.







	
Cell Line

	
Group

	
Pre-Experiment

	
Post-Experiment

	
Inhibition Rate b (%)




	
Size (mm3)

	
Size (mm3)






	
MDA-MB-231

	
0 mg/kg a

	
53

	
2719

	




	
100 mg/kg

	
61

	
2076

	
24




	
200 mg/kg

	
65

	
801

	
71








a Control; b Date are expressed as percent relative to the control. ID: Ixeris dentata.









2.7. Toxicity Evaluation of ID Extract in Liver and Kidney Tissues


To ensure the safety of ID extract administration as a therapeutic agent for cancer, mice bearing MDA-MB-231 were sacrificed at the end of the experiment, and liver and kidney tissues were removed. The tissues were fixed in formalin for histopathological evaluation and subjected to hematoxylin and eosin staining. No pathological alterations were observed in the ID extract-treated groups compared with the control group (Figure 8).


Figure 8. Mice received an injection of MDA-MB-231 cells and ID extract was orally administered five times per week for 22 days. In the end of experiment, mice were sacrificed, and then liver and kidney were excised and evaluated by hematoxylin and eosin (H&E) staining (200×). The dose of ID extract had no detectable toxicological effect on nude mice. Indicated bar is 10 µm.
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3. Discussion


Breast cancer is a common neoplasm in women in both developed and developing countries [27]. Breast cancer can be classified according to the expression of ER, PR, and HER2. Although the most common forms of breast cancer are ER positive, approximately one-third of breast cancers are ER negative, which confers a poorer prognosis [28]. Therefore, it is essential to find new effective natural product-derived therapeutics for both ER-positive and ER-negative breast cancers.



In this study, we demonstrated that ID extract possesses anti-cancer effects by inducing apoptosis via p-Akt/NF-κB-dependent downregulation in triple-negative breast cancer cells through comparison of ER-positive and ER-negative breast cancer cells using an in vitro study. In addition, we confirmed that ID extract possesses the development potential as an anticancer agent of ID extract in triple-negative breast cancer tumors using an in vivo study.



To determine the anti-proliferative effect of ID extract on ER-positive and ER-negative breast cancer cells, an MTT assay was conducted. ID extract induced a potent dose-dependent decrease in the number of MCF-7 and MDB-MB-231 cells, whereas it had little effect on the number of T47D and SK-BR-3 cells at concentrations ≤50 µg/mL. However, a significant reduction in cell number was observed at concentrations ≥100 µg/mL in all of breast cancer cells. Overall, these data suggest that ID extract inhibits the growth of human breast cancer cells. In addition, the anti-proliferative effect of ID extract is consistent with the findings of previous studies in lung, liver, colon, and breast cancer cells [15,29]. Therefore, ID extract is believed to be an effective manner to inhibit breast cancer cell proliferation irrespective of ER.



Apoptosis, a form of physiological cell death, is characterized by various forms, including cell shrinkage, chromatin condensation, caspase activation, membrane lipid rearrangement, DNA fragmentation, and cell fragmentation [30]. The induction of apoptosis is one of the most effective approaches to treating cancer. To determine whether the ID extract-induced death of breast cancer cells involved apoptosis, we performed DAPI staining. As shown in Figure 2, ID extract induced potent inhibition of cell viability and substantial chromatin condensation, which indicated that apoptosis was involved. In addition, there was a significant reduction in the number of cells as the ID extract treatment dose increased in all of the cell lines. These results are similar to those of other studies on human breast cancer cells using various natural-derived products, including ID extract [31,32]. Further studies proceeded to elucidate the mechanisms behind the reduction of cell viability and the induction of apoptosis on breast cancer cells using ID extract.



Akt signaling is an important regulator of several cellular functions such as cell growth, apoptosis, and survival. Overexpression of Akt has been found in various human malignancies [18,33]. The Akt signaling pathway also promotes activation of the NF-κB signaling pathway, which inhibits apoptosis [34]. In addition, activity of Akt phosphorylation by growth factor inhibits apoptosis by inducing phosphorylation of Ser 9 in Gsk-3β, a downstream target protein of the Akt signaling pathway [35,36]. Therefore, inhibition of the Akt pathway may be an effective way to prevent and treat malignancies. In the present study, we examined whether ID extract inhibits Akt and Gsk-3β phosphorylation on breast cancer cells. ID extract had no effect on the levels of Akt or Gsk-3β phosphorylation on T47D and SK-BR-3 cells, but it suppressed the levels of Akt and Gsk-3β phosphorylation on MCF-7 and MDA-MB-231 cells. There was a difference between cells, but ID extract-mediated suppression of Akt signaling pathways was identified regardless of ER. These results suggest that inhibition of Akt activation is potentially one of the underlying mechanisms of ID extract-induced apoptosis in breast cancer cells.



NF-κB is involved in multiple cellular functions, including the cell cycle, immune response, and apoptosis. In response to activating stimuli, IKK is activated by the degradation IκBα, a cytoplasmic inhibitor, to allow its activation of NF-κB, and activated NF-κB then promotes cellular resistance to cancer treatments [22,23]. In addition, a correlation between apoptosis and NF-κB has been reported in a number of previous studies [37,38]. In this study, ID extract only inhibited the nuclear translocation of NF-κB by suppressing IκBα degradation in MDA-MB-231 cells, but not in the other cell lines. However, for all breast cancer cells ID extract affected apoptosis-regulated gene products involved in pro-apoptotic (Bax) and anti-apoptotic proteins (Bcl-2 and XIAP), as well as apoptosis target (caspase-9) and DNA repair proteins (PARP), thereby suppressing the cell proliferation and inducing apoptosis.



Our in vitro findings showed that ID extract possessed anticancer effects on both ER-positive and ER-negative breast cancer cells. However, ID extract had differential effects on the four cell types evaluated. T47D and SK-BR-3 cells were affected via an unknown pathway, MCF-7 cells were affected via the Akt pathway, and MDA-MB-231 cells were affected via the Akt-NF-κB pathway. Thus, to determine antitumor effects of ID extract on breast cancer tumors involved in Akt-NF-κB pathway based on in vitro findings, animal experiments were conducted using the MDA-MB-231 cells.



The in vivo anticancer efficacy of ID extract was validated by our experiments in mice bearing MDA-MB-231 tumors. As shown in Table 1 and Figure 6B, the tumor volume of MDA-MB-231-bearing mice treated with ID extract showed a significant reduction compared with the control group. In addition, an increase in DNA fragmentation, a marker of apoptosis, was observed by TUNEL assay in MDA-MB-231 tumor tissues from nude mice administered ID extract (Figure 6D,E). These results suggest that the inhibition effect on the tumor correlated with the increased apoptosis level in the tumor cells of the ID extract-treated group.



A Ki-67 was used to differentiate between nuclei of proliferating cells and resting cells, and it is an important factor for the treatment of breast cancer, as previously described [39,40]. In addition, Akt is an important regulator of several cellular functions such as cell growth, apoptosis, and survival, and it is overexpressed in various carcinomas. An immunohistochemical assay confirmed the expression of Ki-67 (proliferation maker) and Akt protein levels, and demonstrated that its expression was decreased in the ID extract-treated mice (Figure 7). In addition, reduction of Akt expression in a concentration dependent manner in the ID extract-treated group corresponds with the in vitro results. Thus, the in vivo findings support our in vitro results and suggest that ID extract inhibits tumor growth by inducing apoptosis in MDA-MB-231 breast tumor cells.



When in the process of developing novel anticancer drugs, the potential toxic effects toward healthy tissues is an important factor to consider in order to prevent or mitigate the side-effects on non-targeted cells [41]. With this in mind, no significant histopathological features were found in the treated with ID extract group as compared with the control group, as supported by the result of a toxicity confirmation on the liver and kidney of the mice treated with ID extract using H&E stain (Figure 8).




4. Materials and Methods


4.1. Chemicals, Drugs, and Antibodies


3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), Dimethyl sulfoxide (DMSO) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Robwell Park Memoril Institute (RPMI)-1640 medium, penicillin-streptomycin, trypsin-ehylenediaminetetraacetic acid (EDTA), and fetal bovine serum (FBS) were obtained from HyClone Laboratories (Logan, UT, USA). Cell lysis buffer were obtained from Invitrogen (Carlsbad, CA, USA). 4′,6-diamidino-2-phenylindole (DAPI) was purchased Life Technologies (Grand Island, NY, USA). Anti-β-actin (#4967), anti-Bax (#2772), anti-Bcl-2 (#2876), anti-caspase-9 (Human Specific) (#9502), anti-Poly(ADP-ribose)polymerase (PARP, #9542), anti-X chromosome-linked inhibitor of apoptosis (XIAP, #2042), anti-phospho-Akt (Ser473) (D9E) XP® Rabbit (#4060), anti-Akt (#9272), anti-phospho-Glycogen synthase kinase-3β (Gsk-3β) (Ser9) (#9336), anti-phospho-NF-κB p65 (Ser536) (93H1) Rabbit (#3033), anti-IκBα (#9242), anti-Ki-67 (D2H10) Rabbit (IHC Specific) (#9027), and anti-rabbit horseradish peroxidase (HRP)-linked (#7074) antibodies were purchased from Cell Signaling Technology (Beverly, MA, USA). The DeadEnd™ fluorometric terminal deoxyribonucleotide transferase-mediated dUTP nick end-labeling (TUNEL) Assay Kit was purchased from Biovision (San Francisco, CA, USA).




4.2. Preparation of Ixeris dentata (Thunb. Ex Thunb.) Nakai (ID) Extract


ID (Voucher specimen no. KRIB 0000226) were purchased from a Korean plant extract bank at the Korea Research Institute of Bioscience & Biotechnology (Cheongju, Korea). The dried ID was powdered in a blender, and exhaustively extracted with MeOH at 45 °C with a sonication for three days. The sonication was performed 15 min, 10 times per day, and extracts were then filtered using nonfluorescent cotton filters (0.45 µm pore size). After concentration to yield the methanol extracts in decompression, the extracts were lyophilized for 24 h and stored at −4 °C. ID extract yield was 13.50%.



ID extract was dissolved in DMSO (0.5%), PBS (mg/mL), and stored at −20 °C. The same amount of DMSO used in the high concentration group was used in each control and experimental group.




4.3. Cell Line and Culture


The human breast cancer cell lines T47D, MCF-7 (ER-, PR-positive, HER2-negative), and SK-BR-3 (ER-, PR-negative, HER2-positive), MDA-MB-231 (Triple-negative) were obtained from the Korean Cell Line Band (KCLB, Korea). Breast cancer cells maintained in RPMI-1640 supplemented with 5% FBS and penicillin-EDTA under standard culture conditions at 37 °C with 95% humidified air and 5% CO2. The culture medium was renewed every two to three days. For ID extract treatment, breast cancer cells were seeded at a density of approximately 80%–90% in a 175 cm2 flask (Nunc, Fisher Scientific, Loughborough, UK) and allowed to attach overnight.




4.4. Cell Viability Assay


Cell survival rate was measured by the MTT assay. T47D, MCF-7, SK-BR-3, and MDA-MB-231 cells were seeded in 96-well plates at a density 2 × 104 cells/mL in a volume of 200 µL/well, and incubated for 24 h. After which, cells were treated with 0, 6.25, 12.5, 25, 50, 100, or 200 µg/mL ID extract for 24 h in triplicate independent experiments. The medium was removed, and then the cells were incubated for 2 h with 40 µL (5 mg/mL) of MTT solution per well plates, respectively. The medium was then aspirated, and the formazan product generated by viable cells was solubilized with the addition of 100 µL DMSO. The absorbance of the solutions at 595 nm was determined using a microplate reader (Bio-Rad, Hercules, CA, USA). The percentage of viable cells relative to untreated (control) cells was estimated.




4.5. Nuclear Morphology


In order to identify ID extract-induced apoptotic cell death, the T47D, MCF-7, SK-BR-3, and MDA-MB-231 cells were seeded in 60 mm plates at 1 × 105 cells/well, and then incubated with 0, 100, and 200 µg/mL ID extract for 24 h. Following treatment, the cells were fixed in phosphate-buffered saline (PBS) containing 4% paraformaldehyde for 15 min at room temperature, and stained with DAPI. The cells were washed twice with PBS and examined under a fluorescence microscope (IX71, Olympus Co., Tokyo, Japan) at a 200× magnification.




4.6. Western Blot Analysis


Cells were cultured in 175 cm2 flasks under the same conditions as described above and treated with/without 100 or 200 µg/mL ID extract for 24 h. Then cells were washed twice with PBS and treated with trypsin-EDTA for 1 min. Cell pellets were harvested by centrifugation, lysed in lysis buffer (Invitrogen Life Technologies), and centrifuged at 13,000 rpm for 5 min at 4 °C. Protein samples were stored at −80 °C. Protein concentration was measured using the Bradford protein assay (Bio-Rad). Protein extracts (45 µg) were resolved by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred into nitrocellulose membranes (Amersham Biosciences, Uppsala, Sweden) by electrophoresis. The membranes were blocked with Tris-buffered saline (TBS) which contained 5% non-fat milk powder and 0.1% Tween® 20 at 4 °C for 1 h 30 min. Next, each of the membranes were incubated with appropriate primary antibodies overnight at 4 °C with gentle shaking and washed with a TBS containing 0.1% Tween® 20 (TBS-T) three times for 10 min. Subsequently, the membranes were incubated with secondary horseradish peroxidase (HRP) conjugated anti-rabbit IgG for 2 h. After washing, the bands were detected using enhanced chemiluminescence (ECL) western blotting detection reagents (Thermo Scientific, Rockford, IL, USA) according to the manufacturer’s instructions. β-Actin was used as a loading control.




4.7. Animal and Xenograft


Five-week-old male BLAB/c-nude mice (nu/nu) were purchased from the animal production company of Orient-Bio (Gyeonggi-do, Korea). Animals were maintained at 23 ± 5 °C at 40% ± 10% relative humidity with artificial lighting from 8:00 a.m. to 8:00 p.m. in facilities approved by the Companion and Laboratory Animal Science Department of Kong-Ju National University. Animals were housed in cages and allowed access to laboratory pelleted food (Biopia, Korea) and water ad libitum. All animal experiments were performed with the approval of the Institutional Animal Care and Use Committee following the guidelines of Kong-Ju National University (KNU_2016-03).



MDA-MB-231 cells were injected subcutaneously (1 × 107/mL) into the flank using a 27-gauge needle. When tumors were stabilized, MDA-MB-231 tumor xenograft mice were assigned randomly to each of the three groups with five mice per group. ID extract was orally administered five times per week at a dose of 100 or 200 mg/kg body weight, while vehicle-treated mice were administered orally the PBS containing DMSO 0.5%. Mice were euthanized 22 days after administration. Mice weight and tumor volume were surveyed twice per week. The volumes of tumors were measured using vernier calipers (Mitutoyo, Kawasaki, Japan). After the experiment was over, mice were sacrificed and tumors were excised to measure tumor weight. A portion of the tumor was embedded in paraffin and used for TUNEL assays and immunohistochemistry (IHC).





Volume (mm3) = 0.5 × length × width2












4.8. TUNEL Assay


Apoptotic cell death was observed using a Biovision DeadEnd™ fluorometric TUNEL system kit according to the manufacturer’s instructions. Briefly, tumor tissues were fixed in 10% formalin overnight and embedded in paraffin. Blocks were then cut into 5-µm-thick slices. The sections were attached to microscope slides and were deparaffinized by immersion in xylene. Afterwards they were then washed with 100% ethanol and the samples were rehydrated by sequential immersion in a graded ethanol series (90%, 80%, and 70%). Tumor sections were visualized using 3′-diaminobenzidine tetrahy-drochloride (DAB) solution, treated with mounting reagent, and observed under a microscope (200×).




4.9. Immunohistochemistry


Tumor sections were deparaffinized with xylene twice for 10 min, and rehydrated with ethanol (100% and 90%) for 1 min, and rinsed with tap water for 10 min. Sections were then incubated at 4 °C with anti-phospho-Akt, anti-Ki-67 antibodies overnight and incubated for 1 h at room temperature with a peroxidase-conjugated goat anti-rabbit antibody followed by washing. Tumor sections were visualized using DAB solution, treated with mounting reagent, and observed under a microscope (400×).




4.10. Histological Examination


The excised livers and kidneys were immediately fixed in 10% neutral-buffered formalin, and embedded in paraffin. Next, paraffin blocks were cut into 5-µm-thick sections. The sections were examined under a light microscope (200×) following hematoxylin and eosin (H&E) staining.




4.11. Statistical Analysis


The Results are presented as the mean ± standard deviations (SD). Differences between mean values for control and ID extract-treated groups were assessed by one-way analysis of variance (ANOVA) with Dunnett’s t-tests. p < 0.05 was considered to indicate a statistically significant difference.





5. Conclusions


ID extract inhibits the growth of T47D, MCF-7, SK-BR-3, and MDA-MB-231 breast cancer cells through the induction of apoptosis regardless of ER. Among the breast cancer cells, MDA-MB-231 triple-negative breast cancer cells displayed the anticancer and apoptosis induction effects via inhibition of Akt phosphorylation and NF-κB binding by ID extract, as observed by in vitro studies. In addition, apoptosis occurred through the inhibition of Akt signaling by ID extract, as observed by in vivo studies. Overall, our results support that ID extract may be useful as an alternative therapeutic drug for the treatment of breast cancer, particularly for patients with triple-negative breast cancer.
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	DAB
	3′-Diaminobenzidine tetrahydrochloride



	DAPI
	4′,6-Diamidino-2-phenylindole



	ECL
	Enhanced chemiluminescence



	ER
	Estrogen receptor



	Gsk-3β
	Glycogen synthase kinase-3β



	HER2
	Human epidermal growth factor receptor 2



	HRP
	Horseradish peroxidase



	ID
	Ixeris dentata (Thunb. Ex Thunb.) Nakai



	IKK
	IκB kinase



	IκBs
	Inhibitors of NF-κB



	NF-κB
	Nuclear factor-κB



	PARP
	Poly(ADP-ribose)polymerase



	PR
	Progesterone receptor



	TBS
	Tris-buffered saline



	XIAP
	X chromosome-linked inhibitor of apoptosis







References


	1. 
Jemal, A.; Bray, F.; Center, M.M.; Ferlay, J.; Ward, E.; Forman, D. Global cancer statistics. CA Cancer J. Clin. 2011, 61, 69–90. [Google Scholar] [CrossRef] [PubMed]

	2. 
Kelsey, J.L.; Berkowitz, G.S. Breast cancer epidemiology. Cancer Res. 1988, 48, 5615–5623. [Google Scholar] [CrossRef] [PubMed]

	3. 
Zhou, X.; Wang, X.; Huang, Z.; Xu, W.; Liu, P. An ER-associated miRNA signature predicts prognosis in ER-positive breast cancer. J. Exp. Clin. Cancer Res. 2014, 33, 94. [Google Scholar] [CrossRef] [PubMed]

	4. 
Liu, C.Y.; Hung, M.H.; Wang, D.S.; Chu, P.Y.; Su, J.C.; Teng, T.H.; Huang, C.T.; Chao, T.T.; Wang, C.T.; Shiau, C.W.; et al. Tamoxifen induces apoptosis through cancerous inhibitor of protein phosphatase 2A–dependent phospho-Akt inactivation in estrogen receptor–negative human breast cancer cells. Breast Cancer Res. 2014, 16, 431. [Google Scholar] [CrossRef] [PubMed]

	5. 
Kennecke, H.; Yerushalmi, R.; Woods, R.; Cheang, M.C.U.; Voduc, D.; Speers, C.H.; Nielsen, T.O.; Gelmon, K. Metastatic behavior of breast cancer subtypes. J. Clin. Oncol. 2010, 28, 3271–3277. [Google Scholar] [CrossRef] [PubMed]

	6. 
Park, B.Y.; Choi, K.S.; Lee, Y.Y.; Jun, J.K.; Seo, H.G. Cancer screening status in Korea, 2011: Results from the Korean National Cancer Screening Survey. Asian Pac. J. Cancer Prev. 2012, 13, 1187–1191. [Google Scholar] [CrossRef] [PubMed]

	7. 
Yi, J.M.; Hong, S.H.; Lee, H.J.; Won, J.H.; Kim, J.M.; Jeong, D.M.; Baek, S.H.; Lim, J.P.; Kim, H.M. Ixeris dentata green sap inhibits both compound 48/80-induced aanaphylaxis-like response and IgE-mediated anaphylactic response in murine model. Biol. Pharm. Bull. 2002, 25, 5–9. [Google Scholar] [CrossRef] [PubMed]

	8. 
Arai, Y.; Kusumoto, Y.; Nagao, M.; Shiojima, K.; Ageta, H. Composite constituents: Aliphatics and triterpenoids isolated from the whole plants of Ixeris debilis and I. dentata. Yakugaku Zasshi J. Pharm. Soc. Jpn. 1983, 103, 356–359. [Google Scholar]

	9. 
Seto, M.; Miyase, T.; Fukushima, S. Sesquiterpene lactones from Ixeris dentata Nakai. Chem. Pharm. Bull. 1986, 34, 4170–4176. [Google Scholar] [CrossRef]

	10. 
Choi, J.S.; Young, H.S.; Kim, B.W. Hypoglycemic and hypolipemic effects of Ixeris dentata in diabetic rats. Arch. Pharm. Res. 1990, 13, 269–273. [Google Scholar] [CrossRef]

	11. 
Oh, S.H.; Sung, T.H.; Kim, M.R. Ixeris dentata extract maintains glutathione concentrations in mouse brain tissue under oxidative stress induced by kainic acid. J. Med. Food 2003, 6, 353–358. [Google Scholar] [CrossRef] [PubMed]

	12. 
Kim, S.H. Inhibitory effects of Ixeris dentata on the mutagenicity of aflatoxin B1, N-methyl-N′-nitro-N-nitrosoguanidine and the growth of MG-63 human osteosarcoma cells. J. Korean Soc. Food Nutr. 1995, 24, 305–312. [Google Scholar]

	13. 
Lim, S.S.; Lee, J.H. Effect of Aster scaber and Ixeris dentata on contractility and vasodilation of cardiovascula and endothelial cell in hyperlipidemic rat. J. Korean Soc. Food Sci. Nutr. 1997, 26, 300–307. [Google Scholar]

	14. 
Lee, E. Effects of Ixeris dentata extract on the production of pro-inflammatory cytokines in the LPS stimulated rat and Raw 264.7 cells. Korean J. Plant Resour. 2011, 24, 604–612. [Google Scholar] [CrossRef]

	15. 
Park, E.K.; Sung, J.H.; Trinh, H.T.; Bea, E.A.; Yun, H.K.; Hong, S.S.; Kim, D.H. Lactic acid bacterial fermentation increases the antiallergic effects of Ixeris dentata. J. Microbiol. Biotechnol. 2008, 18, 308–313. [Google Scholar] [PubMed]

	16. 
Kim, M.J.; Kim, J.S.; Kang, W.H.; Jeong, D.M. Effect on antimutagenic and cancer cell growth inhibition of Ixeris dentata Nakai. Korean J. Med. Crop Sci. 2002, 10, 139–143. [Google Scholar]

	17. 
Song, G.; Ouyang, G.; Bao, S. The activation of Akt/PKB signaling pathway and cell survival. J. Cell Mol. Med. 2005, 9, 59–71. [Google Scholar] [CrossRef] [PubMed]

	18. 
Manning, B.D.; Cantley, L.C. AKT/PKB signaling: Navigating downstream. Cell 2007, 129, 1261–1274. [Google Scholar] [CrossRef] [PubMed]

	19. 
Brazil, D.P.; Hemmings, B.A. Ten years of protein kinase B signalling: A hard Akt to follow. Trends Biochem. Sci. 2001, 26, 657–664. [Google Scholar] [CrossRef]

	20. 
Sun, L.; Li, W.; Li, W.; Xiong, L.; Li, G.; Ma, R. Astragaloside IV prevents damage to human mesangial cells through the inhibition of the NADPH oxidase/ROS/Akt/NF-κB pathway under high glucose conditions. Int. J. Mol. Med. 2014, 34, 167–176. [Google Scholar] [CrossRef] [PubMed]

	21. 
Xiao, G.; Harhaj, E.W.; Sun, S.C. NF-κB-inducing kinase regulates the processing of NF-κB2 p100. Mol. Cell 2001, 7, 401–409. [Google Scholar] [CrossRef]

	22. 
Dolcet, X.; Llobet, D.; Pallares, J.; Matias-Guiu, X. NF-κB in development and progression of human cancer. Virchows Arch. 2005, 446, 475–482. [Google Scholar] [CrossRef] [PubMed]

	23. 
Ghosh, S.; May, M.J.; Kopp, E.B. NF-κB and Rel proteins: Evolutionarily conserved mediators of immune responses. Annu. Rev. Immunol. 1998, 16, 225–260. [Google Scholar] [CrossRef] [PubMed]

	24. 
Liu, Y.Q.; Hu, X.Y.; Lu, T.; Cheng, Y.N.; Young, C.Y.F.; Yuan, H.Q.; Lou, H.X. Retigeric acid B exhibits antitumor activity through suppression of nuclear factor-κB signaling in prostate cancer cells in vitro and in vivo. PLoS ONE 2012, 7, e38000. [Google Scholar] [CrossRef] [PubMed]

	25. 
Han, S.S.; Yun, H.K.; Son, D.J.; Tompkins, V.S.; Peng, L.; Chung, S.T.; Kim, S.K.; Park, E.S.; Janz, S. NF-κB/STAT3/PI3K signaling crosstalk in iMycEμ B lymphoma. Mol. Cancer 2010, 9, 97. [Google Scholar] [CrossRef] [PubMed]

	26. 
Pecorino, L. Molecular Biology of Cancer: Mechanisms, Targets, and Therapeutics; Oxford University Press: Oxford, UK, 2012; pp. 124–149. [Google Scholar]

	27. 
Nizamutdinova, I.T.; Lee, G.W.; Son, K.H.; Jeon, S.J.; Kang, S.S.; Kim, Y.S.; Lee, J.H.; Seo, H.G.; Chang, K.C.; Kim, H.J. Tanshinone I effectively induces apoptosis in estrogen receptor-positive (MCF-7) and estrogen receptor-negative (MDA-MB-231) breast cancer cells. Int. J. Oncol. 2008, 33, 485–491. [Google Scholar] [CrossRef] [PubMed]

	28. 
Zhang, X.L.; Wang, H.S.; Liu, N.; Ge, L.C. Bisphenol A stimulates the epithelial mesenchymal transition of estrogen negative breast cancer cells via FOXA1 signals. Arch. Biochem. Biophys. 2015, 585, 10–16. [Google Scholar] [CrossRef] [PubMed]

	29. 
Heo, B.G.; Chon, S.U.; Park, Y.J.; Bae, J.H.; Park, S.M.; Park, Y.S.; Jang, H.G.; Gorinstein, S. Antiproliferative activity of Korean wild vegetables on different human tumor cell lines. Plant Foods Hum. Nutr. 2009, 64, 257–263. [Google Scholar] [CrossRef] [PubMed]

	30. 
Hu, Y.W.; Liu, C.H.; Du, C.M.; Zhang, J.; Wu, W.Q.; Gu, Z.L. Induction of apoptosis in human hepatocarcinoma SMMC-7721 cells in vitro by flavonoids from Astragalus complanatus. J. Ethnopharmacol. 2009, 123, 293–301. [Google Scholar] [CrossRef] [PubMed]

	31. 
Kim, M.J.; Kim, J.S.; Jeong, D.M.; Ham, S.S.; Yu, C.Y. Effect of antioxidant, antimutagenicity and anticancer of root extract from Ixeris dentata Nakai. Korean J. Med. Crop Sci. 2002, 10, 222–229. [Google Scholar]

	32. 
Kim, H.J.; Kang, K.J. Effects of Ixeris dentata Extract on Radical Oxygen Species and Bcl-2 Family in Human Breast Cancer Cells. J. East Asian Soc. Diet. Life 2014, 24, 739–747. [Google Scholar] [CrossRef]

	33. 
Vara, J.Á.F.; Casado, E.; de Castro, E.; Cejas, P.; Belda-Iniesta, C.; González-Barón, M. PI3K/Akt signalling pathway and cancer. Cancer Treat. Rev. 2004, 30, 193–204. [Google Scholar] [CrossRef] [PubMed]

	34. 
Hussain, A.R.; Ahmed, S.O.; Ahmed, M.; Kham, O.S.; Al AbdulMohsen, S.; Platanias, L.C.; Al-Kuraya, K.S.; Uddin, S. Cross-talk between NF-κB and the PI3-kinase/AKT pathway can be targeted in primary effusion lymphoma (PEL) cell lines for efficient apoptosis. PLoS ONE 2012, 7, e39945. [Google Scholar] [CrossRef] [PubMed]

	35. 
Ding, Q.; He, X.; Xia, W.; Hsu, J.M.; Chen, C.T.; Li, L.Y.; Lee, D.F.; Yang, J.Y.; Xie, X.; Liu, J.C.; et al. Myeloid cell leukemia-1 inversely correlates with glycogen synthase kinase-3β activity and associates with poor prognosis in human breast cancer. Cancer Res. 2007, 67, 4564–4571. [Google Scholar] [CrossRef] [PubMed]

	36. 
Jiang, H.; Guo, W.; Liang, X.; Rao, Y. Both the establishment and the maintenance of neuronal polarity require active mechanisms: Critical roles of GSK-3β and its upstream regulators. Cell 2005, 120, 123–135. [Google Scholar] [CrossRef] [PubMed]

	37. 
Debatin, K.M. Apoptosis pathways in cancer and cancer therapy. Cancer Immunol. Immunother. 2004, 53, 153–159. [Google Scholar] [CrossRef] [PubMed]

	38. 
Karin, M.; Lin, A. NF-κB at the crossroads of life and death. Nat. Immunol. 2002, 3, 221–227. [Google Scholar] [CrossRef] [PubMed]

	39. 
Gerdes, J.; Lemke, H.; Baisch, H.; Wacker, H.H.; Schwab, U.; Stein, H. Cell cycle analysis of a cell proliferation-associated human nuclear antigen defined by the monoclonal antibody Ki-67. J. Immunol. 1984, 133, 1710–1715. [Google Scholar] [PubMed]

	40. 
Inwald, E.C.; Klinkhammer-Schalke, M.; Hofstädter, F.; Zeman, F.; Koller, M.; Gerstenhauer, M.; Ortamann, O. Ki-67 is a prognostic parameter in breast cancer patients: Results of a large population-based cohort of a cancer registry. Breast Cancer Res. Treat. 2013, 139, 539–552. [Google Scholar] [CrossRef] [PubMed]

	41. 
Yin, Y.; Gong, F.Y.; Wu, X.X.; Sun, Y.; Li, Y.H.; Chen, T.; Xu, Q. Anti-inflammatory and immunosuppressive effect of flavones isolated from Artemisia vestita. J. Ethnopharmacol. 2008, 120, 1–6. [Google Scholar] [CrossRef] [PubMed]

























© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license ( http://creativecommons.org/licenses/by/4.0/).







media/file13.png
*
=

Cleaved Caspase—9
0 100 200

N O It NN - O
Amuenbaanepy

M
100 200

Caspase—9
ID (ug/mL)

e 3

|

o -

>
1

1epy

p
0.8
0.6
0.4 -
0.2 -

=

Ajuenbaa

|

% (

Cleaved PARP
100
ID (ug/mL)

Ayuenb £anepy

P.

oYYy O
SRS

< o
= o
Ajuenbaanepy

ID (ug/mL)

ID (ug/mL)

:
7“.
R B g
8076
R OO
g

e

&

;

a

i

e g o o e
Aimuenb aanepy

0 4

200

Bcl-2
100 |
ID (ug/mL)

6 -
4 -
0.2
-

S9"3883
Aimuenbaanepy
.
,ﬂm
-
* &
o
% m w\.o
A
©
1973839°
Amuenbaanepy





media/file18.jpg





media/file9.png
NF-xbB IxBa

I

OMDA-MB-231

mT47D
B MCF-7
OSK-BR-3

*
o

i

*
=

[

o

™~

5
0

in
™
Amuenbaanepy

0.

h

*

T

[

4
—

0 -

|
™~

0.2 -

I
%
=]

AljeRY

0.6 -

o o
— o
Amuenb

200

100
ID (ug/mL)

100 200

ID (ug/mL)

0





media/file14.jpg
oy
pere
s

EEELEEE

w
o

s s n s
[

o oapis

»

s s
f—

Dingall






media/file7.jpg
NF-xB

100
D (ug/ml)

200

IxBa

100
D (ug/mL)

T
McE7
BSKBRS
OMDAMB231





media/file5.png
Relative quantity

ID (ug/ml)

p-Akt
p-Gsk-3p

ID (ug/ml)

p-Akt
p-Gsk-3p

B-actin

T47D
0 100 200

W . a——

- .

D -

- e eeweeeeaies  eeEEl

S . g —  — =

SK-BR-3

0 100 200

WP o Ny -

15 -

Relative quantity

- . 0 -
100 200

ID (ug/mL)

p-Akt

100
ID (ug/mL)

ID (ug/ml)

p-Akt
p-Gsk-3p
p-actin

ID (ug/ml)
Akt
p-Akt
p-Gsk-3p
p-actin

200

Relative quantity

MCF-7

0 100 200

OB S— W —

E—

- " . >

e — e vAs e

MDA-MB-231
0 100 200

Wy e —

L L T

NP, ey

Gsk-3p
15 -
1 T
*
0.5 -
*
o ML 1
0 100 200
ID (ug/mL)

W T47D

B MCE-7

0O SK-BR-3

0O MDA-MB-231





media/file15.png
Body weight (g)

50 4

45

40 4
35 1
30 4
D 1
20 A
15 4
10 4

B 000
|~ 0mglkg
100 mgfkg 3500 -
—-200 mg/kg aE? 3000
f., 2500 -
M v
£ 2000 |
2
S 1500 -
5
£ 1000 -
3
-
T T T T T T 1 0 b
1 5 § 12 15 19 22
Day of treatment
D 0 mg/kg
—_——

] -0 mg/kg

1 4200 mg/kg

=

—+-100 m/kg

1 5 8 12 15 19 22
Days of treatment

=

s 3

Apoptotic body (%)
8 8 &

—
> @

o
(=1

1

Tumor weight (g)

1.60 -
140 -
120 -
1.00 -
0.80 -

0.60 o
040 -
020 -
0.00 4 T .
0 100 200

ID (mg/kg)

0 200
ID (mg/mL)





media/file19.png
Liver

Kidney

0 mg/kg

100 mg/kg

200 mg/kg





media/file11.jpg





media/file2.jpg





nav.xhtml


  ijms-18-00275


  
    		
      ijms-18-00275
    


  




  





media/file6.jpg
ID ugind)
PNEB
Ba
pracin

1D Gugimd)
PN
e

T47D

MCF-7

L] L) 200 ID (ugml) ) 100 200
i, P
—_——— —— Ba = ——
—_— —— — L P ——

SK-BR-3 MDA-MB.231

13 00 20 g 3 w0 w
— e - — s [ -
—_— ——— Be e ——
—_——— pracin —_—————






media/file1.png
B T47D

0 MDA-MB-231

B MCE-7
0 SK-BR-3

i

*
*
I

I

*
*
*

[

Il

I

Il
ID (ug/mL)

[

L T
*i*

120 -

-
-
-
-
-

00
20
0

2 3 =
([o1juod jo ;) AJIIqera PO

1

200

100

125

6.25





media/file20.png





media/file10.jpg
D g
PARP.
Cleaved PARD
Caspase-s
Cleaved caspase -9
Ba2
Bax
Practn

D g
PaRP
Cleaved PARD
Caspase:s
xiap
Ba2
B
Bracin

MCF-7

o 100

200
- ——

MDA-MB-231
o 00 200






media/file16.jpg





media/file12.png
ID (ng/mb)
PARP
Cleaved PARP
Caspase-9
Cleaved caspase -9

Bcl-2
Bax
p-actin

ID (ug/mh

Cleaved PARP

Bcl-2

p-actin

ID (ug/mb)
PARP

Cleaved PARP
Caspase-9
Cleaved caspase -9

Bcl-2

p-actin

MCF-7

— - - —

MDA-MB-231
0 100 200






media/file3.png





media/file17.png
- 5\ .
4 ™ '.l Y
- -\ \
v - £
- Y ;
1P AT b .
\ \ ¢
¢ .y i ~ 3
1Y » > .
‘4 & ’
1o
d - e . 4
o - N ke
B 3 Y 4§
v i
A ' \
& +
- .
- ~ . - — § v N A af K
» - o L ¥ . Y 4 » b B \»
> A3 ‘Jv " ) > " L .
- P e — - » - -3
- _ g = . S — 9
v ad’'s - -y 7 L ate®
T r - - e N * -
€ - - » ¢ '
o - - P R - R " " - %
3 - " - AP . -
i pur e a 4 .
~ <9 - - - -
> . - . " - - > 5 ok
N - !
v # Y






media/file4.jpg
T47D
Desw) 0 w0 2 Doss
A A
aia Pl
P T Pok3D
(Y fpe—p— pacin
SK-BR3
Desm) 0w 20 G
o [ —— ™
[T S m—— P
POk [ e
R ——— [
Akt p-AKE
: - 'H ”h m
o Iﬂ in 1 o M
o wm W o W m
1D (ugimt) D ugmt)

MCF-7

o m

MDA-MB-231
o m

——

————cs

Gsk-3p

Tkl

o wm W
1D (gl

Relstive quaniity

e
ancEr
asKmRs
oMDAMB21





media/file8.png
ID (ug/ml)
p-NF-xB
IxBa

ID (ug/ml)
p-NF-xB
IxBa

p-actin

T47D
0 100 200

SK-BR-3
0 100 200

——— W -

ID (ug/mD
p-NF-«B
IxBa

ID (ug/ml)
p-NF-«xB
IxkBa

pB-actin






media/file0.jpg
120

nTaD

BMCE7

OMDA-MB-231

OSK-BR3

a8 8 bl & -

(101110 Jo %) &3

200

100

ID (ug/ml)





