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Abstract:



Cyprodinil (CYP) is a pyrimidine amine fungicide that has been extensively used in agricultural areas. 3,3′-Diindolylmethane (DIM) is a derivative of the dietary phytoestrogen, indole-3-carbinol (I3C), which is derived from cruciferous vegetables and considered to be a cancer-preventive phytonutrient agent. In this study, the effects of CYP and DIM were examined on the cell viability, invasion, and metastasis of human endometrial cancer cells, Ishikawa, via epithelial mesenchymal transition (EMT). CYP increased the level of cell viability of Ishikawa cells compared to DMSO as a control, as did E2. Ishikawa cells lost cell-to-cell contact and obtained a spindle-shaped or fibroblast-like morphology in response to the application of E2 or CYP by the cell morphology assay. In the cell migration and invasion assay, CYP enhanced the ability of migration and invasion of Ishikawa cells, as did E2. E2 and CYP increased the expressions of N-cadherin and Snail proteins, while decreasing the expression of E-cadherin protein as EMT-related markers. In addition, E2 and CYP increased the protein expressions of cathepsin D and MMP-9, metastasis-related markers. Conversely, CYP-induced EMT, cell migration, and invasion were reversed by fulvestrant (ICI 182,780) as an estrogen receptor (ER) antagonist, indicating that CYP exerts estrogenic activity by mediating these processes via an ER-dependent pathway. Similar to ICI 182,780, DIM significantly suppressed E2 and CYP-induced proliferation, EMT, migration, and invasion of Ishikawa cancer cells. Overall, the present study revealed that DIM has an antiestrogenic chemopreventive effect to withdraw the cancer-enhancing effect of E2 and CYP, while CYP has the capacity to enhance the metastatic potential of estrogen-responsive endometrial cancer.
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1. Introduction


Phytoestrogens of plant origin, such as plant polyphenols, are xenoestrogens that show structural similarity to 17β-estradiol (E2), the mammalian steroid hormone [1]. Phytoestrogens are generally categorized according to four main classes. The first group is isoflavones, such as daidzein, kaempherol, and genistein, while the second group consists of lignans, such as lariciresinol, matairesinol, pinoresinol, and secoisolariciresinol. The third group consists of coumestans, such as coumestrol, and the last comprises stilbenes, such as resveratrol [2]. Among plant-derived xenoestrogens, phytoestrogens are primarily found in fruits, soy, and vegetables. Phytoestrogens are also regarded as sources of cancer-preventive phytonutrient complex because they inhibit the growth and advance of many types of cancer [3,4,5]. For example, genistein, a major soy isoflavone, and 3,3′-diindolylmethane (DIM), a derivative of the dietary phytochemical complex, indole-3-carbinol (I3C), which is derived from cruciferous vegetables, are phytoestrogens known for reducing the risk of prostate and breast cancer [6,7]. 3,3′-diindolylmethane has been reported to influence the prevention of estrogen-dependent cancers similar to fulvestrant (ICI 182,780), an estrogen receptor (ER) antagonist [8]. Moreover, the in vitro effects of DIM were shown to inhibit epithelial-mesenchymal transition (EMT) and metastasis via the estrogen receptor (ER)-dependent pathway [9]. Previous studies have shown that anti-estrogenic effects of phytoestrogens are implicated in their chemoprevention activity against estrogen-dependent cancers via the ER-dependent pathway [10,11,12].



The EMT is an adjusted process that drives epithelial cells to lose their cell-cell and cell-extracellular matrix (ECM) interactions and to become mesenchymal cells through genetic reprogramming and cytoskeletal restructuration [13]. The EMT has potential driving forces in the initiation and development of cancer cells [14]. Moreover, the EMT phenotype has advanced migratory capacity, invasiveness, and increasing resistance to apoptosis [15]. Cancer cells that undergo EMT augment the extent of expression of cell motility-related proteins and present improved invasion and migration to other parts of the whole body, resulting in cancer metastasis [16].



It is generally agreed that estrogen plays a significant role in cancer metastasis. For example, estrogens and endocrine disrupting chemicals (EDCs) such as benzophenon-1 and nonylphenol spur metastasis through overexpression of cathepsin D in MCF-7 breast cancer cells via the ER-dependent signaling pathway [17,18]. As a lysosomal aspartyl protease, cathepsin D is related to the metastasis of estrogen-dependent cancer cells [19]. In other examples, BP-1 and octylphenol have been found to induce EMT of BG-1 ovarian cancer cells expressing ERs [20]. In addition, bisphenol compounds can give rise to EMT of BG1Luc4E2 ovarian cancer cells expressing ERs [21].



Cyprodinil (CYP) is an extensive pyrimidine amine fungicide that is utilized worldwide to protect fruit plants and vegetables from many types of pathogens [22]. In fungi, this reagent prevents the biosynthesis of methionine and amino acids of thionic types [23]. CYP gives rise to phosphorylation of the extracellular signal-regulated kinase (ERK) by which growth factors and transcription factors are phosphorylated. In mammalian cells, ERK regulates differentiation, migration, proliferation, and survival [24], and activates ER signaling [25]. A previous study found that CYP as an activator of aryl hydrocarbon receptor (AhR) and induces AhR-targeted genes, such as cytochrome P450 (CYP) 1A1 in ovarian granulosa cells, HO23, and potentially affects reproductive function through activating both the AhR and ERK signaling [26]. Additionally, CYP was found to have the potential to affect ER signaling in our previous study in which it promoted ovarian cancer proliferation via the ER-dependent pathway [24]. Therefore, it can be estimated that CYP may act as a cellular physiological disrupter in the human body.



The present study was conducted to investigate the CYP’s action as an endocrine disrupter by examining its xenoestrogenic effects on cancer cell proliferation, EMT, and metastasis by using an ER-dependent and estrogen-responsive Ishikawa endometrial cancer cell line, which is a well-differentiated adenocarcinoma cell line derived from the human endometrial epithelium that expresses functional ER [27]. In addition, anti-estrogenic and anti-cancer effects of DIM were investigated using this cancer model.




2. Results


2.1. Effects of CYP Exposure on Cell Viability of Ishikawa Endometrial Cancer Cells


This experiment was conducted to identify the effects of E2, CYP, and DIM on cell viability of Ishikawa cells and determine the optimal concentrations of E2, CYP, and DIM for subsequent experiments. As shown in Figure 1A, E2 (10−9 M) and CYP (10−11–10−6 M) augmented cell viability when compared with 0.1% DMSO as a control. Moreover, CYP increased cell viability in a concentration-dependent manner in the concentration range of 10−10–10−6 M, implying that CYP has an estrogenic effect at these concentrations. Although DIM did not change the cell viability at 10−8, 10−7, or 10−6 M, it inhibited E2- or CYP-induced cell viability when combined with E2 or CYP at these concentrations (Figure 1B,C). Based on these results, DIM was considered to have anti-estrogenic activity, contrary to CYP. Among the concentrations of CYP and DIM tested in this experiment, 10−8 and 10−7 M of CYP and DIM, respectively, were selected to evaluate the in vitro effects of each compound on the processes of EMT and metastasis of Ishikawa cells. Treatment with 10−8 M CYP increased the cell viability of Ishikawa cells to the same level as E2, a positive control (Figure 1A). DIM at 10−7 M was selected from 10−8, 10−7, and 10−6 M of DIM tested because there was no change in E2-induced cell viability at these concentrations (Figure 1C).


Figure 1. Effects of Cyprodinil (CYP) exposure on cell viability of Ishikawa endometrial cancer cells. Ishikawa cancer cells were treated with 0.1% DMSO as a control, E2 (10−9 M), CYP (10−11–10−5 M), or 3,3′-Diindolylmethane (DIM) (10−8–10−6 M) for six days, after which the cell viability was measured by MTT assay. The experiment was repeated three times, and data were reported as the means ± SD. (A) Effects of E2 and CYP on cell viability. * indicates a significant difference in cell viability by E2 or CYP compared to the control (p < 0.05 according to Dunnett’s multiple comparison test); (B) Effects of the mixture of E2 and DIM on cell viability. * shows a significant difference in cell viability by E2 or DIM compared to the control (p < 0.05 according to Dunnett’s multiple comparison test). # shows a significant reduction in cell viability in response to E2 + DIM compared to E2 alone (p < 0.05 according to Dunnett’s multiple comparison test); (C) Effects of the mixture of CYP and DIM. * shows a significant difference in cell viability in response to E2, DIM, CYP, E2 + DIM, or CYP + DIM compared to the control (p < 0.05 according to Dunnett’s multiple comparison test). # shows a significant reduction in cell viability in response to E2 + DIM compared to E2 alone or CYP + DIM compared to CYP alone (p < 0.05 according to Dunnett’s multiple comparison test).
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2.2. Morphological Changes in Ishikawa Cells in Response to Treatment with E2 and CYP in the Presence or Absence of ICI or DIM


To investigate the induction of EMT, morphological changes in Ishikawa cells in response to treatment with E2 (10−9 M) and CYP (10−8 M) in the presence or absence of DIM (10−7 M) or ICI 182,780 (10−8 M) were observed. After treatment for 24 h, microscopic analysis showed that Ishikawa cells lost cell-to-cell contact and developed a spindle- or a fibroblast-like morphology, which is a phenotype of mesenchymal cells, in response to treatment with E2 and CYP. Conversely, when treatment was applied in conjunction with ICI 182,780, or DIM, most Ishikawa cells maintained a cobblestone-like appearance, which is a typical morphology of epithelial cells (Figure 2). These results indicate that CYP mediated the induction of the EMT process of Ishikawa cells, similar to E2 via ER; however, DIM suppressed E2 or CYP-induced EMT process similar to ICI 182,780, an ER antagonist.


Figure 2. Morphological changes in Ishikawa cells in response to treatment with E2 and CYP in the presence or absence of ICI 182,780 or DIM. Ishikawa cells were cultivated in six-well plates and treated with E2 (10−9 M), CYP (10−8 M), DIM (10−7 M), or ICI 182,780 (10−8 M) for 24 h. Ishikawa cells were photographed using a microscope at a magnification of 400×.
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2.3. Effects of CYP and DIM on the Expression of EMT Related Genes


The effects of each agent on the protein expressions of EMT-related genes including epithelial and mesenchymal cell markers were identified through Western blot assay. As shown in Figure 3, CYP (10−8 M) decreased the protein expression of E-cadherin, a key epithelial marker, by about 50%, which was similar to E2 (10−9 M), and by approximately 80% when compared to DMSO as a control (Figure 3A,B). Conversely, when ICI 182,780 (10−8 M) or DIM (10−7 M) was administered in conjunction with E2 (10−9 M) or CYP (10−8 M), the expression of E-cadherin was restored to the control level. Moreover, CYP (10−8 M) increased the protein expression of N-cadherin and Snail, which are mesenchymal markers, by about 45%, similar to E2 (10−9 M), which increased N-cadherin and Snail expression by 53% and 24%, respectively, compared to DMSO (Figure 3A,B). However, when applied in conjunction with ICI 182,780 (10−8 M) or DIM (10−7 M), the expression of N-cadherin and Snail returned to the control level. These results indicate that E2 and CYP induced the EMT process of Ishikawa cells by regulating the protein expression of EMT-related genes, such as E-cadherin, N-cadherin, and Snail, via the ER-dependent signaling pathway and that DIM inhibited the induction of the EMT process by neutralizing the effects of E2 and CYP on the protein expression of these genes.


Figure 3. Effects of E2, CYP, ICI 182,780, and DIM on the expression of EMT related genes. Ishikawa cells were treated with 0.1% DMSO, E2 (10−9 M), CYP (10−8 M), a mixture of E2 (10−9 M) or CYP (10−8 M) and ICI (10−8 M), or a mixture of E2 (10−9 M) or CYP (10−8 M) and DIM (10−7 M), respectively, for 72 h. Total proteins were extracted and analyzed by Western blot. (A) Band images correspond to E-cadherin, N-cadherin, and Snail proteins. Quantification of bands corresponding to (B) E-cadherin, (C) N-cadherin, and (D) Snail proteins was conducted using Luminograph II. The experiment was repeated three times, and data are presented as the means ± SD. a: A significant augmentation or reduction in expression of each protein by E2 and CYP compared to the control (p < 0.05 according to Dunnett’s multiple comparison test); b: a significant reduction in the expression of each protein by the mixture with DIM or ICI and E2 compared to E2 alone (p < 0.05 according to Dunnett’s multiple comparison test); and c: a significant reduction in expression of each protein by the mixture with DIM or ICI and CYP compared to CYP alone (p < 0.05 according to Dunnett’s multiple comparison test).
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2.4. Suppression of DIM on CYP-Induced Ishikawa Endometrial Cancer Cell Migration


Changes in migration activity of Ishikawa cells treated with E2, CYP, DIM, and ICI 182,780 were identified by cell scratch assay. After the cells were treated with 0.1% DMSO as a control, E2 (10−9 M), CYP (10−8 M), DIM (10−7 M), or ICI 182,780 (10−8 M) and scratched using a 1 mL micropipette tip, wounded areas were photographed at 0, 24, and 48 h. Application of E2 or CYP reduced unrecovered wound areas in a time-dependent manner when compared to those of the control (Figure 4A), implying that CYP promoted the migration of Ishikawa cells as did E2.


Figure 4. Effects of ICI 182,780 or DIM on E2- or CYP-induced Ishikawa endometrial cancer cell migration. Cells were treated with (A) 0.1% DMSO, E2 (10−9 M), CYP (10−8 M), (B) a mixture of E2 (10−9 M) or CYP (10−8 M) and ICI (10−8 M), or (C) a mixture of E2 (10−9 M) or CYP (10−8 M) and DIM (10−7 M), respectively, then scratched with a 1 mL micropipette tip. The images presenting the recovery of wounded area were captured at 0, 24, and 48 h using a microscope at a magnification of 40×. The percentage of the wound recovery area at each time point was calculated. The experiment was repeated three times, and data are presented as the means ± SD. *: Mean values were significantly differentiated from 0 h of each treatment, p < 0.05 (Dunnett’s multiple comparison test).
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After Ishikawa cells were treated with a combination of ICI 182,780 (10−8 M) or DIM (10−7 M) and E2 (10−9 M) or CYP (10−8 M), unrecovered areas were unchanged at 48 h (Figure 4B,C). According to these results, CYP may induce the migration of Ishikawa cells via the ER-dependent signaling pathway and DIM can inhibit the E2 or CYP-induced cell migration.




2.5. Suppression of DIM on CYP-Induced Ishikawa Endometrial Cancer Cell Invasion


To check the altered invasion capacity of Ishikawa cells in response to treatment with E2, CYP, DIM, and ICI 182,780, a transwell assay was conducted. After cells in the upper chamber of a transwell were treated with E2 (10−9 M) or CYP (10−8 M) for 24 h, the number of Ishikawa cells that moved from the top chamber to the bottom chamber was significantly augmented (Figure 5). Conversely, when treated with a mixture of ICI 182,780 (10−8 M) or DIM (10−7 M) and E2 (10−9 M) or CYP (10−8 M), the number of intruded cells was reduced to the control level (Figure 5A,B). These results indicate that CYP enhanced the invasion capacity of Ishikawa cells through an ER-dependent signaling pathway, as did E2, and that DIM has the capacity to restrain E2 or CYP-induced invasion of Ishikawa cells.


Figure 5. Effects of ICI 182,780 or DIM on E2- or CYP-induced Ishikawa endometrial cancer cell invasion. Ishikawa cells (1 × 105 cells) were cultured in transwells with the bottom surface covered with fibronectin in each well of a 24-well plate for 24 h. Cells were treated with 0.1% DMSO, E2 (10−9 M), CYP (10−8 M), a mixture of E2 (10−9 M) or CYP (10−8 M) and ICI (10−8 M) or a mixture of E2 (10−9 M) or CYP (10−8 M) and DIM (10−7 M), respectively, for 24 h. The cells attached to the bottom surface of the transwell were fixed with 10% formalin solution and stained with crystal violet. (A) The stained cells were detected under a microscope, and (B) the number of invading cells was counted. The experiment was repeated three times, and data were presented as the means ± SD. *: Mean values were significantly different from 0.1% DMSO (control), p < 0.05 (Dunnett’s multiple comparison test). #: Mean values of the mixture of ICI 182,780 or DIM and E2 and the mixture of ICI 182,780 or DIM and CYP were significantly reduced from E2 or CYP alone (p < 0.05 according to Dunnett’s multiple comparison test).
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2.6. Effects of CYP and DIM on the Expression of Metastasis Related Genes


To clarify the effects of E2 and CYP on protein expression of metastasis-related genes, such as Cathepsin D and MMP-9, a Western blot assay was conducted. In cells treated with CYP (10−8 M), the protein expression of Cathepsin D and MMP-9 increased by 67% (Cathepsin D) and by 79% (MMP-9), similar to E2 (10−9 M; 47% for Cathepsin D and 55% for MMP-9) compared to a control (Figure 6). Conversely, when cells were co-treated with ICI 182,780 (10−8 M) or DIM (10−7 M), the expression of Cathepsin D and MMP-9 was restored to the control level (Figure 6A–C). These results indicate that the metastasis of Ishikawa cancer cells may be induced by E2 or CYP through increased expression of Cathepsin D and MMP-9 protein in Ishikawa cells via the ER-dependent signaling pathway, and that DIM can suppress the metastatic potential of Ishikawa cells.


Figure 6. Effects of E2, CYP, ICI 182,780, and DIM on the expression of metastasis related genes. Ishikawa cells were treated with 0.1% DMSO, E2 (10−9 M), CYP (10−8 M), a mixture of E2 (10−9 M) or CYP (10−8 M) and ICI (10−8 M), or a mixture of E2 (10−9 M) or CYP (10−8 M) and DIM (10−7 M), respectively, for 72 h. Total proteins were extracted and analyzed by Western blot. (A) Band images correspond to Cathepsin D and MMP-9 proteins. Quantification of bands corresponding to (B) Cathepsin D and (C) MMP-9 proteins was conducted using Luminograph II. The experiment was repeated three times, and data are presented as the means ± SD. a: significant augmentation or reduction in expression of each protein by E2 and CYP compared to the control (p < 0.05 according to Dunnett’s multiple comparison test); b: significant reduction in expression of each protein by the mixture with DIM or ICI and E2 compared to E2 alone (p < 0.05 according to Dunnett’s multiple comparison test); and c: significant reduction in expression of each protein by the mixture with DIM or ICI and CYP compared to CYP alone (p < 0.05 according to Dunnett’s multiple comparison test).
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3. Discussion


Cancer metastasis, which is the spread of cancer cells by a cancerous tumor within the body, is the primary cause of cancer mortality [28]. In the initiation step of the metastatic process, EMT enables tumor cells to acquire migratory and invasive capabilities through the formation of motile characteristics [28,29]. In estrogen-dependent cancers, E2 was found to increase the metastatic potential by inducing EMT, migration, and invasion of cancer cells via the ER-dependent pathway [21,30,31]. In this regard, EDCs having estrogenic activity are also implicated with cancer progression and metastasis of estrogen-dependent cancers [30,32]. As typical EDCs, bisphenol A, and nonylphenol were reported to enhance the EMT process and migration of ovarian cancer cells via the ER-dependent pathway [12]. Conversely, phytoestrogens exerted anti-metastatic effects by inhibiting EMT, migration and the invasion of estrogen-responsive cancer cells, which is associated with their anti-estrogenic activity. For instance, genistein suppressed E2-induced EMT and the migration of ER-positive BG-1 ovarian cancer cells [33]. Moreover, kaempferol restrained E2-induced EMT and the metastatic behaviors of ER-positive MCF-7 breast cancer cells [10].



In the present study, we investigated the concurrent effects of CYP as an EDC and DIM as a phytoestrogen on the cell viability, migration, and invasion capacities of Ishikawa endometrial cancer cells that are estrogen responsive. A cell viability assay showed that treatment with E2 (10−9 M) or CYP (10−10–10−6 M) increased the level of cell viability of Ishikawa cells. In addition, E2 (10−9 M) and CYP (10−8 M) changed the cell morphology of Ishikawa cells from a cobblestone appearance, which is a typical morphology of epithelial cells, to a spindle-shaped morphology or a fibroblast-like morphology, which is typical of mesenchymal cells in the ER-dependent pathway. In the present study, ER dependency of E2 and CYP was identified by co-treatment with ICI 182,780, an ER antagonist, which counteracted the effects of E2, as well as CYP. In addition, E2 and CYP decreased the protein expression of E-cadherin, but increased the expression of N-cadherin and Snail. E-cadherin as a typical epithelial cell marker is a transmembrane protein that is responsible for the adherens junction [34]. During the progression of invasive carcinoma, E-cadherin loss is permitted for a crucial stage causing the EMT event [35]. However, N-cadherin and Snail as mesenchymal cell markers assign an invasive capacity for metastasis to the cancer cells [36,37,38]. Over-expression of N-cadherin is associated with an invasive capacity of breast tumor by increasing the interactions between tumor cells and stromal cells [39]. Based on the ability to induce the EMT process, E2 and CYP were found to promote the migration and invasion of Ishikawa cancer cells and to increase the protein expression of metastasis-related genes, such as Cathepsin D and MMP-9 [40,41], in the ER-dependent pathway. Therefore, these results indicate that CYP may induce metastatic processes of endometrial cancer cells including EMT, migration, and invasion, similar to E2. In our previous study, CYP was found to enhance cell cycle progression and cell migration in an estrogen-responsive ovarian cancer model in an ER signaling-dependent manner [24].



On the contrary, when DIM was co-treated with E2 or CYP, DIM withdrew E2 and CYP-induced cell viability, EMT, migration, and invasion of Ishikawa endometrial cancer cells, even at the low concentration of 10−7 M. This effect of co-treatment of DIM was similar to that of co-treatment of ICI 182,780 with E2 or CYP, indicating that DIM, as a phytoestrogen, has an anti-estrogenic activity that is associated with its anti-metastatic potential to suppress E2 or CYP-induced metastasis of estrogen-dependent endometrial cancer. A previous study reported that dietary I3C, a precursor substance of DIM, prevents the development of estrogen-enhanced cancers as a negative regulator of estrogen [42]. As anti-estrogens, I3C and DIM are known to have anti-tumorigenic properties by targeting ER-alpha (ER-α), and DIM was more effective than I3C at depressing mRNA expression of ER-α in MCF-7 breast cancer cells [43]. Additionally, in a study using thyroid cancer model, DIM was found to inhibit E2-induced proliferation and clone formation of cancer cells in a similar fashion to ICI 182,780 and act as an anti-estrogen by possibly targeting E2-ER signaling pathways [44]. Although the more detailed mechanism for anti-estrogenic properties of DIM in connection with its anti-EMT and anti-metastatic potential in endometrial cancer was not identified in the present study, DIM was found to suppress endometrial cancer metastasis by abrocating the effects of E2 and CYP in a similar way to anti-estrogen.



In summary, as shown in Figure 7, CYP was shown to work as a xenoestrogen by stimulating an increase in cell viability of Ishikawa cells. Moreover, CYP promoted the ability of metastasis of Ishikawa cells by causing the EMT process, cell migration, and invasion through the regulation of E-cadherin, N-cadherin, and Snail as EMT-related markers and Cathepsin D, as well as MMP-9, as metastasis-related markers through the pathway of the ER-dependent signaling. Therefore, the present study indicated that CYP is a risk factor for endometrial cancer progression through activating ER signaling. Conversely, DIM was shown to act as an anti-cancer agent by mimicking the function of ICI 182,780 as an ER-antagonist by reducing the cancer progression effect of endogenous estrogen and exogenous EDCs. However, more studies are needed to elucidate the molecular mechanisms underlying the two conflicting effects of CYP and DIM revealed in endometrial cancer progression.


Figure 7. Suppressive behaviors of DIM on E2- or CYP-induced EMT and metastasis of Ishikawa cells. CYP was presented by acting as xenoestrogens via acceleration of the proliferation of estrogen-responsive Ishikawa endometrial cancer cells. CYP also enhanced EMT, migration, and invasion of Ishikawa cells by regulating EMT-related genes, such as E-cadherin, N-cadherin, and Snail, as well as metastasis-related genes, including Cathepsin D and MMP-9 in an ER-dependent manner, as did E2. Conversely, DIM was found to significantly suppress E2 and CYP-induced proliferation, EMT, migration, and invasion of Ishikawa cancer cells, implying that while CYP has the capacity to enhance the metastatic potential of estrogen-responsive endometrial cancer, DIM has an anti-estrogenic chemopreventive effect that withdraws the cancer-enhancing effect of E2 and CYP (⊥; decrease or inhibit, arrows; increase or promote).
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4. Materials and Methods


4.1. Reagents and Chemicals


17β-estradiol (E2), CYP, and DIM were purchased from Sigma-Aldrich Corp. (St. Louis, MO, USA), while fulvestrant (ICI 182,780) was purchased from Tocris Bioscience (Avon, Bristol, UK). All chemicals were dissolved in 100% dimethyl sulfoxide (DMSO; Junsei Chemical Co., Tokyo, Japan) and stored at room temperature.




4.2. Cell Culture and Media


The Ishikawa cell line was obtained from E.B. Jeung (College of Veterinary Medicine, Chungbuk National University, Cheongju, Chungbuk, Korea). Ishikawa cells were cultivated in Dulbecco’s modified Eagle’s medium (DMEM; HyClone Laboratories Inc., Logan, UT, USA) replenished with 10% heat-inactivated fetal bovine serum (FBS; RMBIO, Missoula, MT, USA), 2% penicillin, streptomycin (Capricorn Scientific, Ebsdorfergrund, Germany), and 1% HEPES (Thermofisher Scientific, Waltham, MA, USA) at 37 °C in a humidified atmosphere of 95% air-5% CO2. To exclude estrogenic components from DMEM and FBS, phenol red-free DMEM with 5% charcoal-dextran processed FBS (CD-FBS) was utilized to cultivate Ishikawa cells and to estimate the estrogenicity of EDCs. The CD-FBS was made in the laboratory as follows. Approximately 40 mL of distilled water (DW) was added to 2.2 g of charcoal in a 50 mL conical tube (SPL Life Science, Seoul, Korea), mixed strongly, and centrifuged at 300 rpm for 5 min. After dropping DW into the tube, 40 mL of the new DW was added. This process was repeated 20 times, after which the DW was discarded and 0.22 g of dextran was added to the tube. Next, 40 mL of DW was added and centrifuged for 5 min at 300 rpm with strong inverting. After discarding all DW in the tube, 40 mL of new DW was added. This process was repeated 20 times. Once clear, all DW was discarded. Next, 42 mL of inactivated FBS was added and the samples were inverted strongly. Samples were then filtered twice with a 0.22 µm bottle filter (Millipore, Billerica, MA, USA), after which they were stored at −20 °C until use. Ishikawa cells were cultured in phenol red-free DMEM with 5% CD-FBS for conducting the diverse assays tested in the present study. The cells were detached with 0.05% Trypsin-EDTA (Life Technologies, Carlsbad, CA, USA).




4.3. Cell Viability Assay


A cell viability assay was conducted to estimate the influence of E2, CYP, and DIM on Ishikawa cell proliferation. Ishikawa cells were implanted in 96-well plates (SPL Life Science) at a density of 3 × 103 cells per well at 37 °C in a humidified atmosphere supplemented with 5% CO2. For 48 h, the cells were cultivated in phenol red-free DMEM with 5% CD-FBS. Samples were then treated with diverse concentrations of E2, CYP, or DIM (E2: 10−9 M, CYP: 10−11–10−5 M, or DIM: 10−8–10−6 M) in phenol red-free DMEM with 5% CD-FBS for six days. The media were switched, replaced with identical new media every two days during this period. When adding chemicals to the media, 0.1% DMSO was utilized as a vehicle. Cell viability was detected by the addition of EZ-cytox (DOGEN, Cheongju, Chungbuk, Korea). Briefly, EZ-cytox solution diluted 1:10 was added to each well of a 96-well plate, after which samples were incubated for 90 min at 37 °C in a humidified atmosphere supplemented with 5% CO2. The optical density (OD) per well was monitored at 450 nm using an Epoch (BioTek, Winooski, VT, USA) to determine the number of viable cells.




4.4. Protein Extraction and Western Blot Assay


Ishikawa cells were cultivated in 100 mm dishes to a density of 1.0 × 106 cells, then treated with 0.1% DMSO (control), E2 (10−9 M), CYP (10−8 M), DIM (10−7 M), or ICI 182,780 (10−8 M) or combinations of ICI 182,780 (10−8 M) and E2, CYP or DIM. After treatment with chemicals, the proteins from Ishikawa cells were yielded with RIPA lysis buffer (pH 8.0, 50 mM Tris-HCl; 0.1% SDS, 0.5% deoxycholic acid, 1% NP-40, and 150 mM NaCl). Total protein concentrations were measured through utilization of bicinchoninic acid (BCA; Sigma-Aldrich Corp.). Briefly, proteins on 10% SDS-PAGE gel were transferred to a polyvinylidene fluoride (PVDF) membrane (BioRad Laboratories, Hercules, CA, USA). The membrane was then cultivated with primary antibody (Table 1) at 4 °C overnight. Primary antibody binding was identified using horseradish peroxidase (HRP) conjugated with secondary antibody (anti-rabbit lgG (H + L) or goat anti-mouse lgG (H + L); 1:5000 dilution, BioRad Laboratories). Aimed proteins were detected using WSE-7120 EzWestLumi plus (ATTO, Motoasakusa, Taito-ku, Tokyo, Japan). Individual proteins were quantified by scanning the band density on a transfer membrane using Lumino Graph II (ATTO).



Table 1. Antibodies utilized in this study.







	
Protein

	
Company

	
Cat No.

	
Description

	
Dilution Ratio






	
E-cadherin

	
Abcam

	
Ab15148

	
Rabbit pAb

	
1:500




	
Occludin

	
Santa Cruz

	
Sc-5562

	
Rabbit pAb

	
1:1000




	
N-cadherin

	
Abcom

	
Ab98952

	
Mouse mAb

	
1:2000




	
Snail

	
Cell signaling

	
3895S

	
Mouse mAb

	
1:1000




	
Cathepsin D

	
Abcam

	
Ab75852

	
Rabbit mAb

	
1:2000




	
MMP-9

	
Abcam

	
Ab76003

	
Rabbit mAb

	
1:1000




	
GAPDH

	
Abcam

	
Ab8245

	
Mouse mAb

	
1:2000











4.5. Effects of E2, CYP, or DIM on Ishikawa Cells Morphology


Ishikawa cells were seeded into 6-well plates, then treated with E2 (10−9 M), CYP (10−8 M), or combinations of ICI 182,780 (10−8 M) or DIM (10−7 M) and E2 or CYP for 24 h. Before and after treatment, samples were viewed under a microscope (Olympus IX-73 Inverted Microscopy, Olympus, Tokyo, Japan) at 400× magnification.




4.6. Scratch-Wound Healing Assay


Ishikawa cells were cultivated in six-well plates at 37 °C in a humidified atmosphere supplemented with 5% CO2 until over 70% confluent (approximately 1.0 × 10−6 cells). Monolayers of Ishikawa cells implanted in wells were scratched to the same width and length using a 1 mL micropipette tip, then treated with media including 5% CD-FBS with 0.1% DMSO as a control, E2 (10−9 M), CYP (10−8 M), DIM (10−7 M), or ICI 182,780 (10−8 M), or a combination of E2 (10−9 M), CYP (10−8 M), DIM (10−7 M), or ICI 182,780 (10−8 M), respectively, then incubated for 48 h. In each treatment group, the images were viewed under 40× magnification using an Olympus IX-73 Inverted Microscope (Olympus).




4.7. Data Analysis


All experiments were repeated at least three times, and the data were analyzed using the Graph-pad Prism software (San Diego, CA, USA). Data were presented as the means ± SD and statistically analyzed as one-way analysis of variance (ANOVA) followed by Dunnett’s multiple comparison test. p-Values < 0.05 were regarded as statistically significant.








Acknowledgments


This work was supported by a National Research Foundation of Korea (NRF) grant funded by the Ministry of Education, Science and Technology (MEST) of the Republic of Korea (2017R1D1A1A09000663). In addition, this study was also supported by the Global Research and Development Center (GRDC) Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education, Science, and Technology (2017K1A4A3014959).




Author Contributions


Bo-Gyoung Kim, Jin-Wook Kim, Kyung-A Hwang, and Kyung-Chul Choi conceived the research; Bo-Gyoung Kim, Jin-Wook Kim, Soo-Min Kim, and Ryeo-Eun Go designed and performed the experiments; Soo-Min Kim, Ryeo-Eun Go, Kyung-A Hwang, and Kyung-Chul Choi analyzed the data; Bo-Gyoung Kim, Jin-Wook Kim, Kyung-A Hwang, and Kyung-Chul Choi wrote the paper.




Conflicts of Interest


The authors declare no conflict of interest.




References


	1. 
Dutta, S.; Kharkar, P.S.; Sahu, N.U.; Khanna, A. Molecular docking prediction and in vitro studies elucidate anti-cancer activity of phytoestrogens. Life Sci. 2017, 185, 73–84. [Google Scholar] [CrossRef] [PubMed]

	2. 
Murkies, A.L.; Wilcox, G.; Davis, S.R. Clinical review 92: Phytoestrogens. J. Clin. Endocrinol. Metab. 1998, 83, 297–303. [Google Scholar] [PubMed]

	3. 
Lee, G.A.; Hwang, K.A.; Choi, K.C. Roles of Dietary Phytoestrogens on the Regulation of Epithelial-Mesenchymal Transition in Diverse Cancer Metastasis. Toxins 2016, 8, 162. [Google Scholar] [CrossRef] [PubMed]

	4. 
Hwang, K.A.; Choi, K.C. Anticarcinogenic Effects of Dietary Phytoestrogens and Their Chemopreventive Mechanisms. Nutr. Cancer 2015, 67, 796–803. [Google Scholar] [CrossRef] [PubMed]

	5. 
Qadir, M.I.; Cheema, B.N. Phytoestrogens and Related Food Components in the Prevention of Cancer. Crit. Rev. Eukaryot. Gene Expr. 2017, 27, 99–112. [Google Scholar] [CrossRef] [PubMed]

	6. 
Smith, S.; Sepkovic, D.; Bradlow, H.L.; Auborn, K.J. 3,3′-Diindolylmethane and genistein decrease the adverse effects of estrogen in LNCaP and PC-3 prostate cancer cells. J. Nutr. 2008, 138, 2379–2385. [Google Scholar] [CrossRef] [PubMed]

	7. 
Thomson, C.A.; Ho, E.; Strom, M.B. Chemopreventive properties of 3,3′-diindolylmethane in breast cancer: Evidence from experimental and human studies. Nutr. Rev. 2016, 74, 432–443. [Google Scholar] [CrossRef] [PubMed]

	8. 
Cao, L.; Gao, H.; Gui, S.; Bai, G.; Lu, R.; Wang, F.; Zhang, Y. Effects of the estrogen receptor antagonist fulvestrant on F344 rat prolactinoma models. J. Neurooncol. 2014, 116, 523–531. [Google Scholar] [CrossRef] [PubMed]

	9. 
Lee, G.A.; Hwang, K.A.; Choi, K.C. Inhibitory effects of 3,3′-diindolylmethane on epithelial-mesenchymal transition induced by endocrine disrupting chemicals in cellular and xenograft mouse models of breast cancer. Food Chem. Toxicol. 2017, 109 Pt 1, 284–295. [Google Scholar] [CrossRef] [PubMed]

	10. 
Lee, G.A.; Choi, K.C.; Hwang, K.A. Kaempferol, a phytoestrogen, suppressed triclosan-induced epithelial-mesenchymal transition and metastatic-related behaviors of MCF-7 breast cancer cells. Environ. Toxicol. Pharmacol. 2017, 49, 48–57. [Google Scholar] [CrossRef] [PubMed]

	11. 
Maxwell, T.; Chun, S.Y.; Lee, K.S.; Kim, S.; Nam, K.S. The anti-metastatic effects of the phytoestrogen arctigenin on human breast cancer cell lines regardless of the status of ER expression. Int. J. Oncol. 2017, 50, 727–735. [Google Scholar] [CrossRef] [PubMed]

	12. 
Kim, Y.S.; Hwang, K.A.; Hyun, S.H.; Nam, K.H.; Lee, C.K.; Choi, K.C. Bisphenol A and nonylphenol have the potential to stimulate the migration of ovarian cancer cells by inducing epithelial-mesenchymal transition via an estrogen receptor dependent pathway. Chem. Res. Toxicol. 2015, 28, 662–671. [Google Scholar] [CrossRef] [PubMed]

	13. 
Chen, Q.; Yang, D.; Zong, H.; Zhu, L.; Wang, L.; Wang, X.; Zhu, X.; Song, X.; Wang, J. Growth-induced stress enhances epithelial-mesenchymal transition induced by IL-6 in clear cell renal cell carcinoma via the Akt/GSK-3beta/beta-catenin signaling pathway. Oncogenesis 2017, 6, e375. [Google Scholar] [CrossRef] [PubMed]

	14. 
Wei, H.; Liang, F.; Cheng, W.; Zhou, R.; Wu, X.; Feng, Y.; Wang, Y. The mechanisms for lung cancer risk of PM2.5: Induction of epithelial-mesenchymal transition and cancer stem cell properties in human non-small cell lung cancer cells. Environ. Toxicol. 2017, 32, 2341–2351. [Google Scholar] [CrossRef] [PubMed]

	15. 
Wang, S.S.; Jiang, J.; Liang, X.H.; Tang, Y.L. Links between cancer stem cells and epithelial-mesenchymal transition. Onco Targets Ther. 2015, 8, 2973–2980. [Google Scholar] [PubMed]

	16. 
Heerboth, S.; Housman, G.; Leary, M.; Longacre, M.; Byler, S.; Lapinska, K.; Willbanks, A.; Sarkar, S. EMT and tumor metastasis. Clin. Transl. Med. 2015, 4, 6. [Google Scholar] [CrossRef] [PubMed]

	17. 
In, S.J.; Kim, S.H.; Go, R.E.; Hwang, K.A.; Choi, K.C. Benzophenone-1 and nonylphenol stimulated MCF-7 breast cancer growth by regulating cell cycle and metastasis-related genes via an estrogen receptor alpha-dependent pathway. J. Toxicol. Environ. Health A 2015, 78, 492–505. [Google Scholar] [CrossRef] [PubMed]

	18. 
Garcia, M.; Platet, N.; Liaudet, E.; Laurent, V.; Derocq, D.; Brouillet, J.P.; Rochefort, H. Biological and clinical significance of cathepsin D in breast cancer metastasis. Stem Cells 1996, 14, 642–650. [Google Scholar] [CrossRef] [PubMed]

	19. 
Bretschneider, N.; Kangaspeska, S.; Seifert, M.; Reid, G.; Gannon, F.; Denger, S. E2-mediated cathepsin D (CTSD) activation involves looping of distal enhancer elements. Mol. Oncol. 2008, 2, 182–190. [Google Scholar] [CrossRef] [PubMed]

	20. 
Shin, S.; Go, R.E.; Kim, C.W.; Hwang, K.A.; Nam, K.H.; Choi, K.C. Effect of benzophenone-1 and octylphenol on the regulation of epithelial-mesenchymal transition via an estrogen receptor-dependent pathway in estrogen receptor expressing ovarian cancer cells. Food Chem. Toxicol. 2016, 93, 58–65. [Google Scholar] [CrossRef] [PubMed]

	21. 
Kim, J.Y.; Choi, H.G.; Lee, H.M.; Lee, G.A.; Hwang, K.A.; Choi, K.C. Effects of bisphenol compounds on the growth and epithelial mesenchymal transition of MCF-7 CV human breast cancer cells. J. Biomed. Res. 2017, 31, 358–369. [Google Scholar] [PubMed]

	22. 
Karadag, H.; Ozhan, F. Effect of cyprodinil and fludioxonil pesticides on bovine liver catalase activity. Biotechnol. Biotechnol. Equip. 2015, 29, 40–44. [Google Scholar] [CrossRef] [PubMed]

	23. 
Kanetis, L.; Forster, H.; Jones, C.A.; Borkovich, K.A.; Adaskaveg, J.E. Characterization of genetic and biochemical mechanisms of fludioxonil and pyrimethanil resistance in field isolates of Penicillium digitatum. Phytopathology 2008, 98, 205–214. [Google Scholar] [CrossRef] [PubMed]

	24. 
Go, R.E.; Kim, C.W.; Choi, K.C. Effect of fenhexamid and cyprodinil on the expression of cell cycle- and metastasis-related genes via an estrogen receptor-dependent pathway in cellular and xenografted ovarian cancer models. Toxicol. Appl. Pharmacol. 2015, 289, 48–57. [Google Scholar] [CrossRef] [PubMed]

	25. 
Huang, X.; Jin, Y.; Zhou, D.; Xu, G.; Huang, J.; Shen, L. IQGAP1 modulates the proliferation and migration of vascular smooth muscle cells in response to estrogen. Int. J. Mol. Med. 2015, 35, 1460–1466. [Google Scholar] [CrossRef] [PubMed]

	26. 
Fang, C.C.; Chen, F.Y.; Chen, C.R.; Liu, C.C.; Wong, L.C.; Liu, Y.W.; Su, J.G. Cyprodinil as an activator of aryl hydrocarbon receptor. Toxicology 2013, 304, 32–40. [Google Scholar] [CrossRef] [PubMed]

	27. 
Tamm-Rosenstein, K.; Simm, J.; Suhorutshenko, M.; Salumets, A.; Metsis, M. Changes in the transcriptome of the human endometrial Ishikawa cancer cell line induced by estrogen, progesterone, tamoxifen, and mifepristone (RU486) as detected by RNA-sequencing. PLoS ONE 2013, 8, e68907. [Google Scholar] [CrossRef] [PubMed]

	28. 
Guan, X. Cancer metastases: challenges and opportunities. Acta Pharm. Sin. B 2015, 5, 402–418. [Google Scholar] [CrossRef] [PubMed]

	29. 
Lo, U.G.; Lee, C.F.; Lee, M.S.; Hsieh, J.T. The Role and Mechanism of Epithelial-to-Mesenchymal Transition in Prostate Cancer Progression. Int. J. Mol. Sci. 2017, 18, 2079. [Google Scholar] [CrossRef] [PubMed]

	30. 
Lee, H.M.; Hwang, K.A.; Choi, K.C. Diverse pathways of epithelial mesenchymal transition related with cancer progression and metastasis and potential effects of endocrine disrupting chemicals on epithelial mesenchymal transition process. Mol. Cell. Endocrinol. 2017, 457, 103–113. [Google Scholar] [CrossRef] [PubMed]

	31. 
Kim, S.H.; Hwang, K.A.; Choi, K.C. Treatment with kaempferol suppresses breast cancer cell growth caused by estrogen and triclosan in cellular and xenograft breast cancer models. J. Nutr. Biochem. 2016, 28, 70–82. [Google Scholar] [CrossRef] [PubMed]

	32. 
Scsukova, S.; Rollerova, E.; Bujnakova Mlynarcikova, A. Impact of endocrine disrupting chemicals on onset and development of female reproductive disorders and hormone-related cancer. Reprod. Biol. 2016, 16, 243–254. [Google Scholar] [CrossRef] [PubMed]

	33. 
Kim, Y.S.; Choi, K.C.; Hwang, K.A. Genistein suppressed epithelial-mesenchymal transition and migration efficacies of BG-1 ovarian cancer cells activated by estrogenic chemicals via estrogen receptor pathway and downregulation of TGF-beta signaling pathway. Phytomedicine 2015, 22, 993–999. [Google Scholar] [CrossRef] [PubMed]

	34. 
Xiao, D.; He, J. Epithelial mesenchymal transition and lung cancer. J. Thorac. Dis. 2010, 2, 154–159. [Google Scholar] [PubMed]

	35. 
Zeisberg, M.; Neilson, E.G. Biomarkers for epithelial-mesenchymal transitions. J. Clin. Investig. 2009, 119, 1429–1437. [Google Scholar] [CrossRef] [PubMed]

	36. 
Hazan, R.B.; Phillips, G.R.; Qiao, R.F.; Norton, L.; Aaronson, S.A. Exogenous expression of N-cadherin in breast cancer cells induces cell migration, invasion, and metastasis. J. Cell Biol. 2000, 148, 779–790. [Google Scholar] [CrossRef] [PubMed]

	37. 
Herrera, A.; Herrera, M.; Pena, C. The emerging role of Snail1 in the tumor stroma. Clin. Transl. Oncol. 2016, 18, 872–877. [Google Scholar] [CrossRef] [PubMed]

	38. 
Brzozowa, M.; Michalski, M.; Wyrobiec, G.; Piecuch, A.; Dittfeld, A.; Harabin-Slowinska, M.; Boron, D.; Wojnicz, R. The role of Snail1 transcription factor in colorectal cancer progression and metastasis. Contemp. Oncol. (Pozn.) 2015, 19, 265–270. [Google Scholar] [CrossRef] [PubMed]

	39. 
Nakajima, S.; Doi, R.; Toyoda, E.; Tsuji, S.; Wada, M.; Koizumi, M.; Tulachan, S.S.; Ito, D.; Kami, K.; Mori, T.; et al. N-cadherin expression and epithelial-mesenchymal transition in pancreatic carcinoma. Clin. Cancer Res. 2004, 10, 4125–4133. [Google Scholar] [CrossRef] [PubMed]

	40. 
Paksoy, M.; Hardal, U.; Caglar, C. Expression of cathepsin D and E-cadherin in primary laryngeal cancers correlation with neck lymph node involvement. J. Cancer Res. Clin. Oncol. 2011, 137, 1371–1377. [Google Scholar] [CrossRef] [PubMed]

	41. 
Wang, J.; Xu, J.; Xing, G. Lycorine inhibits the growth and metastasis of breast cancer through the blockage of STAT3 signaling pathway. Acta Biochim. Biophys. Sin. (Shanghai) 2017, 49, 771–779. [Google Scholar] [CrossRef] [PubMed]

	42. 
Auborn, K.J.; Fan, S.; Rosen, E.M.; Goodwin, L.; Chandraskaren, A.; Williams, D.E.; Chen, D.; Carter, T.H. Indole-3-carbinol is a negative regulator of estrogen. J. Nutr. 2003, 133 (Suppl. S7), 2470S–2475S. [Google Scholar] [PubMed]

	43. 
Wang, T.T.; Milner, M.J.; Milner, J.A.; Kim, Y.S. Estrogen receptor alpha as a target for indole-3-carbinol. J. Nutr. Biochem. 2006, 17, 659–664. [Google Scholar] [CrossRef] [PubMed]

	44. 
Rajoria, S.; Suriano, R.; George, A.; Shanmugam, A.; Schantz, S.P.; Geliebter, J.; Tiwari, R.K. Estrogen induced metastatic modulators MMP-2 and MMP-9 are targets of 3,3′-diindolylmethane in thyroid cancer. PLoS ONE 2011, 6, e15879. [Google Scholar] [CrossRef] [PubMed]

























© 2018 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.jpg
DIM (in a similar fashion to ICI 182,780)

1

CYp + Estrogen receptor(ER)

/
%

< “
N—cadherrn ) Cathepsin D 1
E-cadherin | MMP-9 1

Snail 1 %
/
/

EMT & Metastasis






media/file4.png





nav.xhtml


  ijms-19-00189


  
    		
      ijms-19-00189
    


  




  





media/file2.png
©

(B)

)

#

]

N “:3’ Q-\Q’ \}'9
PR

é

AN o AD o A AN AN A A

%=
..
I

E

}
2 8 8 © °©
(P14 Jo o4 se)
Omqen 12D

N\

N

N

O
N
AR
Q/qr

A 5O 2 X AQ pd
)

150+

g o %

100 p=

(P14 Jo 04 sE)
ANNQEIA [PD

O

200+

o (= &\0

1
[=}
o w
—

150-

(3121994 Jo 04 su)
AMIqeIA [[9D

N 4

S
b

R

Q,‘\r

(o‘\f





media/file5.jpg
“ +icreM +DIM 1M

Bcathern [ me e o oot s o S | 108

LTI Py ———— VY

il [ o T e m e e~ ] oo

T

® @, )
H e

] i

i i

i Fie






media/file3.jpg
0.1% DMSO.

+o1%pyso

renmasoon

oo






media/file1.jpg





media/file7.jpg
bt
010350

E210

cvpion

@

osrsO

E2100

evpion

©

o1sps0

E2100

cvpion

Uncovered area
(a5 % of control)

Uncovered area
(a5 % of contro)

Uncovered area
(a5 % of.

trob)

Time )

&P to +ict Tom

@ omiom
& 205 oo
Erloh B0






media/file10.png
(A)

+0.1% DMSO

+1CI 182,780 10°M |

+DIM 10'M

0.1% DMSO

E2 10°M

CYP103M

2, o A %
B . 3 T A "= ,‘
PNt . . . . et
w A L - &
Y R s PESY e
. LdL: id BreAty s e s -3
. ¢ = > > s -
ol 2 ; f
. or 8 | ¥ - ; . . 5
b ¥ L # &
et "0 um 5 Kt 200 um 200 um
o L2 5 .
N - 3 .
i % )
20 i 7 w .
AR 5 R
=y e :
= - H 2
e .
2 R 0
00 pr » " (2o0m 200 pm
= o g =
..
o L i »
L $%
o ‘%
®»’ , . i
.‘ e . 4.4 .
200 pn . 200

~~
E

Number of cell invaded
(as % of Control)

[=2]
$

By
2

N
e

0-

N

O

<&

Q
Q N
Q,.3\° \C} <>\“ <

s

Q,‘lv

N

*

L]
O 2O AN 2O A AN 2O 2N Ad
\Q\\Q“:@Q NS

O F &8 O
o O omgt‘“go

NN\

N
N
LR Q
o g






media/file15.png





media/file12.png
(A)
+ICI 10 M +DIM 10'M

0.1% E2 CYP ICI E2 CYP DIM E2 CYP
DMSO 10°M 10°M 10°M 10°M 10°M 10°M 10°M 10°M

Cathepsin D | == ®™» <= — — —— —— —= = | 46kDa

MMP_9 | TN p——— wn——— P R m g P gy e e ‘ 92 kDa
GAPDH I—--——-————-_-‘:%kDa
(B) (©)
200- 200- a
= a o r
= —_ o=
= £ 150- 2 £ 150
g g b C b C é g
i % 100 p== s [ = = % 100-
Z s =IE=1= & S
25 ™ HEHEE Sz ™
N II.I. L] _—
S HEEE
ERISIO W $
NN NS N NN NN N
\o\o Q,q' ~8 \(} X\(} x\(} 0\@ 0\@ 0\@ .\o\oo & .8 \(} x\(} X\(}
@ O S @
o o o o o o oM
NN O O






media/file9.jpg





media/file0.png





media/file14.png
DIM (in a similar fashion to ICI 182,780)

1

CYP > Estrogen receptor(ER)

N-cadherin 1
E-cadherin |
Snail 7

O\

EMT & Metastasis

Cathepsin D 1
MMP-9 1






media/file8.png
(A)
0.1%DMSO

E2 10°M

CYP 10°M

(B)

0.1%DMSO

E2 10°M

CYP 10°M

©

0.1%DMSO

E2 10°M

CYP 10°M

Oh 24h 48h
+ICI 10°M
5
Oh 24h 48h
+ DIM 10'M
4 8 Y- j:'é y
g | &
';' St B H‘."
- f..: - . ': :‘t', £
Oh 24h 48h

Uncovered area
(as % of control)

Uncovered area

(as % of control)

Uncovered area
(as % of control)

. 3 0.1% DMSO
m E2 10°M
100 = CYP 10M
50
0

Time (h)

B8 ICI 10M
B E2 10-°M + ICI 10-M
B CYP 10-%M + ICI 10-*M

Time (h)

@ DIM 10-"M
@ E2 10-°M + DIM 10-"M
00 m CYP 10-*M + DIM 10-°'M

0 \3
Q .:ﬁ N

Time (h)





media/file11.jpg
[EY)

Cathepsin D
MMP-9

GAPDH

®)

-

(as % of Contral)
g 8

g

Cathepsin D/ G,

+ICI10%M +DIM 10'M
01% E2 CYP I E2 CYP DM E2 CYP
DMSO 10°M 10°M 10°M  10°M 10°M 10 10°M 10°M
— e——— — —

MMP 9/GAPDI
(a5 % of Control)

46kDa

92kDa

36kDa






media/file6.png
o~

E-cadherin / GAPDH

B

N’

(as % of Control)

(A) + ICI10-3M + DIM 10-"M
0.1% E2 CYP IC1 E2 CYP DIM E2 CYP
DMSO 10°M 10*M 10M  10°M  103M 1M  10°M 10M
E-cadherin ’ P N T g TR PR gwy PNy el ‘ 120 kDa
N-Cadherin - e OEEmn  EEEER . ——— C—— i i C—t ‘ 100 kDa
Snail ’--”""'-"""'""’ "'*""""""“68kDa
GAPDH ’ cmmy D GED Oreny RS e ——.-‘361(1)21
©) (D)
1907 ac g, a,c i 1507 a a
; s
:.l. = Q = & I Cc
C 3 e e = = S 150- E S b ¢ b
100- = E = 100 =
ﬁ — & rg ] : S o L
o — = [T 100' .. _— U ot [—
2 oo — s ° — - —
50- = = = 8 = EX 507 =
e — 58 ° = 2 =
o — Z. E =
9\“»\“%\“%@%@'\@'\&'\\“ O %q\\\wwww«é«é«\&\
N Q \\ O 8 \r@ N O N \\ \\ \\° NN
°\° @‘\' (;\Q \0 x\o \0 o\@ 0\0 Q:» .8 \C) \0 \C) o\@ Q,e\° Q:" (;\Q \() @x\o X\O o\é o@ 0\@
o & o ¢ N g
NN NN ,\Qg ,\é,
& R L o






