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Abstract

:

2-(4-Benzyloxy-3-methoxyphenyl)-5-(carbethoxyethylene)-7-methoxy-benzofuran (BMBF), a benzofuran derivative, is an intermediate found in the process of total synthesis of ailanthoidol. Benzofuran derivatives are a class of compounds that possess various biological and pharmacological activities. The present study explored the anti-metastasis effects of BMBF in hepatocellular carcinoma (HCC). Our preliminary findings indicate that BMBF suppresses the proliferation and changes the morphology of Huh7—an HCC cell line with a mutated p53 gene (Y220C). According to a scratching motility assay, non-cytotoxic concentrations of BMBF significantly inhibited the motility and migration in Huh7 cells. BMBF upregulated the expression of E-cadherin and downregulated the expression of vimentin, Slug, and MMP9, which are associated with epithelial–mesenchymal transition (EMT) and metastasis in Huh7 cells. BMBF decreased the expression of integrin α7, deactivated its downstream signal FAK/AKT, and inhibited p53 protein levels. Cell transfection with p53 siRNA resulted in the prevention of cell invasion because of the reduction in integrin α7, Slug, and MMP-9 in Huh7 cells. BMBF had anti-metastatic effects in PLC/PRF/5—an HCC cell line with R249S, a mutated p53 gene. Our findings indicate that BMBF has anti-metastatic effects in downregulating p53 and mediating the suppression of integrin α7, EMT, and MMP-9 in HCC cells with a mutated p53 gene.
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1. Introduction


Hepatocellular carcinoma (HCC) is one of the most common tumors worldwide. Approximately 75–85% of liver cancer mortality is the result of HCC [1]. Early identification of HCC is difficult; therefore, most cases of HCC are discovered at a late stage [2]. Early-stage HCC is generally treated with a combination of surgery, radiotherapy, and chemotherapy [3]. A modern, effective treatment for HCC is liver transplantation; however, organ shortages, perioperative risk, and the strict requirements for appropriate pairing limit the accessibility of liver transplantation. Despite the progress that has been made in therapeutic approaches, HCC recurrence and metastasis rates remain high, leading to unfavorable prognoses [4,5]. The development of agents to prevent HCC metastasis is one strategy to increase the survival rate of patients with HCC.



Wild-type p53 protein (WTP53) plays a key role in cell apoptosis to regulate the cell cycle after DNA damage [6]. Cells with a mutated p53 gene may evade apoptosis after DNA damage and potentially become cancerous. Mutations in the p53 gene are the most common type of gene change in HCC, with an average mutation frequency of 30% [6]. Cells with a mutated p53 gene lose their tumor-suppressing function and promote tumorigenesis and metastasis [7]. In addition, WTP53 and mutated p53 protein (MTP53) are involved in the regulation of cell migration and invasion in cancer cell metastasis [8]. Wang et al. reported that knockdown of WTP53 enhances epithelial-to-mesenchymal transition (EMT), migration, and metastasis in liver cancer cells [9]. In an esophageal cell model, Ohashi et al. observed that MTP53 (R175H) cooperates with the epithelial growth factor receptor to promote the EMT phenotype upon treatment with TGFβ [10]. Lenfer et al. indicated that MTP53 enhanced metastasis to aggravate the tumor phenotype in a bitransgenic tumor model [11]. WTP53 and MTP53 have tumor-suppressive and oncogenic roles, respectively. MTP53 promotes EMT, whereas WTP53 prevents EMT [12]. Therapies that decrease MTP53 expression or target MTP53 may have potential as a means of preventing HCC metastasis.



Benzofuran derivatives are a class of compounds found in higher plants that have attracted the attention of chemists and pharmacologists because of their various biological and pharmacological activities, which include anti-inflammatory, antimicrobial, antiviral, anti-hyperglycemic, and antitumor activities. In addition to isolating benzofuran derivatives from natural products, medicinal chemists are investigating methods of synthesizing benzofuran rings for application in drugs [13,14]. The benzofuran derivative 2-(4-benzyloxy-3-methoxyphenyl)-5-(carbethoxyethylene)-7-methoxy-benzofuran (BMBF) is an intermediate produced in the process of total synthesis of ailanthoidol—a neolignan originating from the bark of Zanthoxylum ailanthoidol (Rutaceae) [15]. Ailanthoidol had an antitumor effect in a multistep mouse model of skin cancer [16]. Ailanthoidol suppressed TGF-β1-promoted migration and invasion in HepG2 cells [17] and inhibited the proliferation of Huh7 cells [18]. Although ailanthoidol exhibits antitumor potential, the biological mechanism of BMBF remains unclear. Our preliminary study showed that BMBF cannot alter the cell viability in HepG2 hepatoblastoma cells (Supplementary Figure S1) but suppresses the proliferation and morphological changes in Huh7 hepatocellular carcinoma cells. Because HepG2 expresses wild-type p53, whereas Huh7 has a mutated p53 gene, we presumed that BMBF perhaps exhibits a pharmaceutical effect in the HCC cells with p53 mutation. Therefore, the present study investigated the anti-metastatic and modulatory effects of BMBF in HCC cells with a mutated p53 gene.




2. Materials and Methods


2.1. Materials


Dulbecco’s modified Eagle’s medium (DMEM), minimum essential medium (MEM), phosphate-buffered saline (PBS), fetal bovine serum (FBS), penicillin, streptomycin, and trypsin-EDTA were purchased from Gibco Ltd. (Grand Island, NY, USA). Primary antibodies against integrin α7, Slug, E-cadherin, vimentin, MMP9, p53 (DO-1), GADPH, and actin were obtained from Santa Cruz Biotechnology, Inc., CA, USA. Matrigel was obtained from Collaborative Research (Bedford, MA, USA). TRITC-conjugated phalloidin, β-actin antibody, and other chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA). BMBF, shown in Figure 1, was provided by Dr. Yean-Jang Lee and synthesized from 5-bromo-2-hydroxy-3-methoxybenzaldehyde, as previously reported [15]. Anti-FAK, anti-p-FAK, anti-AKT, and anti-p-AKT were purchased from Cell Signaling Technology (Beverly, MA, USA).




2.2. Cell Culture and Cell Viability Assay


The human liver cancer cell line Huh7 (p53 mutant in Y220C) was obtained from the Food Industry Research and Development Institute (Hsinchu, Taiwan) and cultured in DMEM supplemented with 10% FBS, 1% penicillin/streptomycin, 1% essential amino acids, and 1 mM glutamine. PLC/PRF/5 (p53 mutant in R249S) cells were cultured in MEM supplemented with 10% FBS and 1% penicillin/streptomycin. The cells were maintained at 37 °C in a humidified atmosphere with 5% CO2. To evaluate the cytotoxicity of BMBF in HCC cells, Cell Counting Kit-8 (CCK-8, Sigma-Aldrich, St. Louis, MO, USA) was used. Briefly, 3 × 103 cells were seeded onto a 96-well Petri dish and then treated with various concentrations of BMBF for the indicated duration. Subsequently, 10 μL of CCK-8 solution was added to incubate with the medium for 3 h; the absorbance was read at a wavelength of 450 nm using an ELISA reader (SpectraMax M5, Molecular Devices, Downingtown, PA, USA).




2.3. Microscopic Examination


After treatment under the indicated conditions, Huh7 cells were fixed with 4% paraformaldehyde for 10 min and permeabilized with 0.1% triton X-100 in PBS for 5 min. The cell morphology was assessed by phase-contrast microscopy. In addition, cytoskeletal changes (F-actin) were analyzed through fluorescence microscopy by staining with TRITC-conjugated phalloidin (500 ng/mL) for 1 h. Images were acquired using a fluorescence microscope (Nikon Microscope SE, Nippon Kogaku KK, Tokyo, Japan) at 400× or 200× magnification.




2.4. Scratch Motility Assay


Huh7 cells (2.5 × 105 cells/mL) were seeded onto a 6-well plate and grown overnight to confluence. The monolayer was scratched with a yellow pipette tip, washed with PBS to remove floating cells, and photographed (0 h) before being treated with BMBF (0–5 μM). After being photographed (24 h), the cells that were motile in the scratched area were counted in 5 randomly selected fields (100× magnification) by digital planimetry using ImageJ software. The area of cell migration was expressed as a percentage of the initial area (0 h). Data are represented as the mean ± SD of three independent experiments.




2.5. Cell Migration and Invasion Assay


Cell migration and invasion assays were performed using a Boyden chemotaxis chamber. The upper culture chamber consisted of a polycarbonate filter (pore size, 8 μm) coated with (for invasion) or without (for migration) a uniform layer of 40 μg/cm2 of Matrigel basement membrane matrix in the upper compartment of the chemotaxis chamber. Huh7 cells were pretreated with BMBF (0–5 μM) for 24 h. The cells were harvested, and 6 × 104 cells/well were suspended in serum-free media and then placed in the upper chamber. The complete growth medium with 10% FBS was placed in the lower chamber. After incubation for 24 h, the cells on the upper surface of the filter were wiped with a cotton swab. The cells on the lower surface of the filter were fixed for 10 min with methanol and stained with Giemsa for 1 h, and the cells that had migrated or invaded into the lower surface of the filter were sequentially counted by light microscopy (200×). The experiment was performed in triplicate; in each filter, the cells from 5 randomly selected fields were counted to represent the data as the mean ± SD.




2.6. Preparation of Total Cell Extracts and Immunoblot Analysis


Cells were plated onto 10 cm2 dishes at a density of 1 × 106 cells/mL and treated with BMBF for 24 h. To prepare the whole-cell extracts, the cells were harvested and suspended in a lysis buffer (50 mM Tris, 5 mM EDTA, 150 mM NaCl, 1% NP40, 0.5% deoxycholic acid, 1 mM sodium orthovanadate, 81 μg/mL aprotinin, 170 mg/mL leupeptin, 100 μg/mL PMSF; pH 7.5). After reacting for 30 min at 4 °C, the mixtures were centrifuged at 10,000× g for 10 min, and the supernatants were collected as the whole-cell extracts. The protein content was determined by the Bradford protein assay (Kenlor Industries, Costa Mesa, CA, USA). Equal amounts of protein sample were subjected to 8–12% SDS–polyacrylamide gel electrophoresis to separate and then electrotransferred to nitrocellulose membranes (Sartorius Co., Goettingen Germany). They subsequently reacted with the primary antibodies (i.e., anti-E-cadherin, anti-vimentin, anti-Slug, anti-MMP-9, and anti-integrin α7). Anti-GADPH or anti-β-actin was used as the internal control. The secondary antibody was a peroxidase-conjugated goat anti-mouse or anti-rabbit antibody. After completing the procedures, the bands were exposed by enhanced chemiluminescence using a commercial enhanced chemiluminescence (ECL) kit (ImmobilonTM Western, Millipore Co., Billerica, MA, USA).




2.7. Transfection of p53siRNA


Next, 3 × 103 Huh7 cells were seeded in 96-well dishes, or 4 × 105 cells on 10 cm dishes. Following incubation overnight, p53 siRNA (40 nM and 80 nM) or control siRNA (40 nM) (Santa Cruz Biotechnology, Santa Cruz, CA, USA) was transfected using T-Pro NTR II transfection reagent according to the manufacturer’s instructions (T-Pro Biotechnology Co., New Taipei City, Taiwan). The p53 siRNAs (sense: 5′-AGA-CCU-AUG-GAA-ACU-ACU-Utt-3′) were purchased from GeneDireX Inc. (Taoyuan City, Taiwan). Following incubation for 48 h, the cells were treated with or without BMBF for 24 h, and then the viable cells were added to the upper chamber of the Boyden chamber for invasion assay, or the total cell lysate was prepared for immunoblotting analysis.




2.8. Statistical Analysis


Statistical significance was determined by one-way analysis of variance with the post hoc Dunnett’s test. p-values lower than 0.05 were considered statistically significant.





3. Results


3.1. BMBF Suppressed the Viability of Huh7 Cells


The cytotoxicity of BMBF in Huh7 cells was assessed using the CCK-8 assay. Huh7 cells were treated with various concentrations of BMBF (0, 5, 10, 20, 40, and 80 μM) for 24 and 48 h. Treatment with concentrations of BMBF greater than 5 μM for 24 and 48 h significantly suppressed the viability of the Huh7 cells (Figure 2). In the Huh7 cells, the IC50 value of BMBF at 24 h was 48.22 μM, and at 48 h it was 38.15 μM. The various concentrations of BMBF used in this study exhibited no cytotoxicity in normal hepatocytes (Supplementary Figure S2).




3.2. BMBF Reduced the Cytoskeletal Changes and Inhibited Motility, Migration, and Invasion in Huh7 Cells


Metastasis occurs in the majority of cancer deaths and is a complex process consisting of tumor cell motility away from the primary site, migration into the vasculature, invasion into surrounding parenchyma, and growth at the metastatic sites. A crucial element of this process is the remodeling of the cytoskeleton [19]. To evaluate the anti-metastatic potential of BMBF, non-cytotoxic concentrations of BMFB were used in this study. First, we investigated the effect of BMBF on the actin cytoskeleton of Huh7 cells by using TRITC-conjugated phalloidin. In our preliminary observation, Huh7 cells—cells from an aggressive HCC cell line—exhibited lamellipodium protrusion and a more intensely stained F-actin cytoskeleton. Nonetheless, the F-actin cytoskeleton was reduced when treated with BMBF (Figure 3A). Cytoskeletal alterations are associated with cell motility; therefore, we investigated the effect of BMBF on the motility of Huh7 cells by using a scratch motility assay. BMBF dose-dependently inhibited wound closure (Figure 3B,C). Furthermore, the Boyden chamber assay revealed that BMBF at a concentration of 1, 2.5, or 5 μM significantly suppressed Huh7 cells’ migration and invasion (Figure 4A,B). These findings indicate that BMBF has in vitro anti-metastatic potential in HCC cells.




3.3. Inhibitory Effects of BMBF on EMT-Related Proteins and Integrin α7 in Huh7 Cells


EMT is a biological process in which polarized epithelial cells undergo multiple internal biological changes and transition into a mesenchymal phenotype; the process is highly mobile and invasive [20]. EMT plays an essential role in the progression and metastasis of HCC [21]. EMT involves the loss of E-cadherin and the production of vimentin, which enables cells to migrate and invade surrounding tissue. Matrix metalloproteinases (MMPs) are also involved in this process [22]. We investigated the effects of BMBF on the levels of E-cadherin, vimentin, MMP-9, and Slug, which is the transcription factor involved in EMT-related protein expression in Huh7 cells. BMBF upregulated the expression of E-cadherin and suppressed vimentin, Slug, and MMP-9 (Figure 5A). Integrins are membrane protein receptors that trigger distinct signaling and play a key role in the propagation and progression of cancer [23]. Integrin α7 expression was reported to be higher in metastatic HCC cells than in non-metastatic cells [24], and integrin α7 was reported to be overexpressed in Huh7 cells [25]. We analyzed the effects of BMBF on the expression of integrin α7 and the phosphorylation of its downstream signal mediators, such as FAK and AKT [23]. BMBF suppressed the expression of integrin α7 and decreased the phosphorylation of FAK and AKT (Figure 5B).




3.4. BMBF Suppressed the Invasion in Huh7 Cells with p53 Knockdown


EMT in HCC cells involves p53 [9]. We investigated the effect of BMBF on p53 expression in Huh7 cells. BMBF decreased p53 expression in the Huh7 cells (Figure 6A). The invasion ability of Huh7 cells transfected with p53 siRNA was assessed by using the Boyden chamber assay; p53 siRNA significantly inhibited invasion and suppressed the expression of integrin α7, Slug, and MMP9 in Huh7 cells. BMBF-induced downregulation of p53 has anti-metastatic potential.




3.5. Anti-Invasion of BMBF in PLC/PRF/5 cells


We evaluated the anti-invasion potential of BMBF in PLC/PRF/5 hepatocellular carcinoma cells with the p53 mutant R249S by using the Boyden chamber assay. BMBF significantly inhibited the invasion effect (Figure 7A,B). Consistent with the effect of BMBF in the Huh7 cells, BMBF suppressed the expression of p53, integrin α7, and MMP9. In addition, BMBF upregulated E-cadherin and downregulated vimentin and the EMT-related transcription factor Slug (Figure 7C).





4. Discussion


In the present study, the benzofuran derivative BMBF suppressed migration and invasion in HCC cells with a mutated p53 gene. The underlying mechanisms involve the upregulation of E-cadherin and the downregulation of vimentin, Slug, and MMP-9. BMBF decreased integrin α7 expression, deactivated FAK/AKT, and inhibited the expression of p53 to suppress metastasis (Figure 8). Our findings indicate that BMBF is a potential anti-metastatic agent in HCC cells with a p53 mutation.



Metastasis is the main reason for the failure of cancer therapy. EMT is an essential process in cancer metastasis. EMT allows normal hepatic epithelial cells to undergo multiple biological changes that enable them to assume a mesenchymal phenotype, which enhances the cells’ migration and invasion capacity and increases their resistance to apoptosis [21]. Aberrant activation of EMT is crucial in cancer metastasis and involves multiple molecular mechanisms and signal transduction pathways, the hallmark of which is the downregulation of E-cadherin and upregulation of vimentin. The transcription factors Slug and Twist induce EMT [26]. MTP53 promotes the expression of several EMT-related transcription factors [9]. In the present study, BMBF reduced the expression of p53 in Huh7 and PLC/PRF/5 cells with mutated p53 genes. Furthermore, BMBF upregulated the expression of E-cadherin and downregulated the expression of vimentin and the EMT-associated transcription factor Slug. MTP53 protein levels may be affected by miRNA or enzyme-controlled stability [27]. Our results indicate that BMBF has anti-metastatic properties in HCC cells; however, its underlying mechanisms in reducing MTP53 warrant further investigation.



Integrins are transmembrane receptors built up by the αβ-heterodimer. Several integrins are downregulated in tumor tissues [23]. Integrin α7 is a key regulator in tumor propagation and has cancer stem cell properties [28,29]. Integrin α7 expression is high in various cancer cells, including mesothelioma and Huh7 cells [25,30]. Wu et al. reported that integrin α7 knockdown suppressed HCC progression and inhibited EMT in HCCs [25]. Hass et al. observed that integrin α7 regulates several signal pathways, including the FAK/AKT pathway, promoting cell proliferation and metastasis [31]. Moreover, integrin α7 is associated with negative clinical outcomes in patients with HCC and regulates cancer stem cell markers [32]. In the present study, BMBF reduced the integrin α7 levels and deactivated the downstream FAK/AKT signaling pathway. This demonstrates that BMBF-induced downregulation of integrin α7 prevents HCC metastasis. Whether BMBF regulates cancer stem cell markers in HCC requires further elucidation.



Deletion or mutation of p53 occurs in approximately 50% of patients with cancer and results in the loss of its tumor-suppression function. Accumulating evidence indicates that mutation of p53 leads to oncogenic gain-of-function effects, such as promoting cancer metastasis [8]. Cancer metastasis contributes to over 90% of cancer-associated deaths [33]. Metastasis involves a sequence of events from cancer cell invasion at the primary tumor site to outgrowth of metastatic colonies at distant organs. In order to survive during this multistep metastasis cascade, tumor cells reprogram gene expression, rewind metabolisms, and regulate intracellular and intercellular signaling. MTP53 is an important regulator of metastasis. MTP53 induces expression of Slug, which is a transcription factor of EMT, in HCT116 colon carcinoma cells [34]. In addition to regulating transcription factors, the crosstalk between MTP53 and TGFβ signaling is involved in the regulation of cell motility and invasion [35,36]. MTP53 may also enhance integrins’ expression and/or regulate their N-glycosylation to contribute to cancer cell–ECM interaction and metastasis [37,38]. MTP53 is suggested to induce several receptor tyrosine kinase pathways to promote tumor invasion [39,40]. Moreover, tumor cells with MTP53 generate a pro-invasion niche through releasing exosomes, which can be taken up by neighboring tumor-associated macrophages to create a supportive microenvironment and drive tumor progression to a more aggressive state [41,42]. Mutation of p53 leads to oncogenic gain-of-function properties and results in cancer metastasis [8]. In the present study, non-cytotoxic concentrations of BMBF exhibited anti-migration and anti-invasion effects, along with downregulating MTP53 levels in HCC cells. Mutations of R249S in p53, which represent a gain of function, are phosphorylated by CDK4/cyclin D1 and then translocated into the nucleus. In the nucleus, R249S binds to and augments c-Myc activity, resulting in an increase in ribosome biogenesis and proliferation [43]. Y220C mutations in p53 can cause the dedifferentiation of hepatocytes in response to oncogenic stimuli, which may result in the growth of malignant reprogrammed progenitor cells [44].



Benzofuran belongs to a critical class of heterocyclic compounds or fragments that are present in many drugs [10]. Due to the biological and medicinal importance of benzofuran, benzofuran derivatives have attracted the attention of scientists [13,45]. Ailanthoidol, a natural benzofuran, has exhibited antitumor potential [16,17,18]. Ailanthoidol, through downregulation of MTP53 and deactivation of the STAT3 pathway, has an antiproliferative effect in Huh7 cells. Benzofuran derivatives, through HIF-1 inhibition, also have an antiproliferative effect, especially against p53-independent (or p53-deleted) malignant tumors [32]. In addition to antitumor and antiproliferative effects, the present study revealed that benzofuran derivatives can suppress tumor metastasis in HCC cells with MTP53. Although BMBF is an intermediate from the process of total synthesis of ailanthoidol, it has anti-metastatic bioactivity. Although the mechanism of BMBF in decelerating cancer progression is different from that of ailanthoidol, the present study indicates that the intermediates with similar structures produced in the process of chemical synthesis may also possess bioactivity. This implies that the use of synthetic intermediates can expand the application of drug synthesis.




5. Conclusions


Our findings indicate that mutations in p53 affect tumor growth and the regulation of metastasis. In vivo studies investigating physiological responses should be conducted to verify the effects and mechanisms of BMBF. Whether BMBF inhibits the metastasis of p53-independent (p53 deleted) malignant tumors requires further clarification.
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Figure 1. Chemical structure of BMBF. 
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Figure 2. Anti-proliferation effect of BMBF in the Huh7 cells: After treatment with various concentrations of BMBF for 24 h and 48 h, the viable cells were determined using the CCK-8 kit. After treatment with the kit reagents, the optical density was measured at 450 nm using an ELISA multi-well plate reader. Data are represented as means ± SD (n = 3). The asterisks indicate statistical changes (** p < 0.01, *** p < 0.001, compared to the 24 h control; ## p < 0.01, ### p < 0.001, compared to the 48 h control). 
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Figure 3. Effects of BMBF on the cytoskeleton and motility of Huh7 cells: (A) After treatment with or without BMBF (5 μM) for 48 h, the cytoskeleton of Huh7 cells was stained with TRITC-conjugated phalloidin, and the nuclei were stained with DAPI. The microscope image was taken (400×). White arrows pointed out the stained F-actin cytoskeleton. (B) The cell was scratched with a yellow pipette tip and photographed by a phase-contrast microscope under 100× magnification (0 h). Subsequently, the Huh7 cells were treated with BMBF for 24 h, and then they were observed and photographed (24 h). (C) The area of the cells that migrated into the scratched area was determined in 5 randomly selected fields by digital planimetry using ImageJ software. The area of cell migration was expressed as a percentage of the initial area (0 h). Data are represented as the means ± SD of three independent experiments (*** p < 0.001). 
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Figure 4. Inhibitory effects of BMBF on the migration and invasion of Huh7 cells: Huh7 cells (6 × 104) were seeded onto the upper chamber, consisting of 8 μm pore-size filters coated without (upper panel) and with a Matrigel matrix, and the complete growth medium was placed in the lower chamber. After incubation for 24 h with or without BMBF, the filters were fixed for 10 min with methanol and stained with Giemsa for 1 h. The cells that had migrated or invaded into the lower surface of the filter were observed (200×) under microscopy and photographed (A) and counted in 5 randomly selected fields (B, migrated cells; C, invaded cells). Data are represented as the means ± SD of three independent experiments (** p < 0.01; *** p < 0.001). Scale bar = 100 μm. 
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Figure 5. Effects of BMBF on the expression of EMT-related proteins, MMP9, integrin α7, and its downstream signal proteins: After treatment with BMBF for 24 h, the total cell lysates were prepared and subjected to Western blot analysis against specific antibodies, as indicated in the figure, (A), EMT-related proteins; (B), Integrin α7 and its downstream signal mediators. GADPH or β-actin was used as the loading control. The relative image density of each image was quantified by densitometry. 
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Figure 6. Anti-invasion effect of BMBF associated with downregulation of p53-mediated suppression of the expression of integrin α7, Slug, and MMP-9: (A) Effect of BMBF on the protein expression of p53 in Huh7 cells, evaluated by immunoblotting analysis. (B) Transfection of p53 siRNA affecting the invasion of Huh7 cells by Boyden chamber assay. After transfection with p53 siRNA for 48 h, the cells were seeded onto the upper chamber, consisting of an 8 μm pore-size filter coated with a Matrigel matrix, and then the complete growth medium was placed in the lower chamber and incubated for 24 h. The cells that invaded into the lower surface of the filter were observed (200×) under microscopy and photographed and counted in 5 randomly selected fields. Scale bar = 100 μm. (C) Data are represented as the means ± SD of three independent experiments (** p < 0.01, *** p < 0.001). (D) After transfection with p53 siRNA for 48 h, the total cell lysate was prepared, and then the expression of integrin α7, Slug, and MMP-9 was evaluated by immunoblotting analysis. β-actin was used as the loading control. The relative density of the images was quantified by densitometry. 
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Figure 7. Inhibitory effect of BMBF on cell invasion of PLC/PRF/5 cells: (A) PLC/PRF/5 cells (2 × 105) were seeded onto an upper chamber consisting of an 8 μm pore-size filter coated with a Matrigel matrix, and the complete growth medium was placed in the lower chamber. After incubation with BMBF for 24 h, the filters were fixed for 10 min with methanol and stained with Giemsa for 1 h. The cells that had invaded into the lower surface of the filter were observed (200×) under microscopy and photographed and counted in 5 randomly selected fields. (B) Data are represented as the means ± SD of three independent experiments (*** p < 0.001). Scale bar = 100 μm. (C) After treatment with BMBF for 24 h, the total cell lysates were prepared and subjected to immunoblotting analysis against specific antibodies, as indicated in the figure. GADPH was used as the loading control. The relative image density was quantified by densitometry. 
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Figure 8. Summary of BMBF in HCCs: BMBF possesses anti-metastatic potential involving downregulated mutant p53 mediating alterations of integrin α7, EMT, and MMP9 in HCCs. 






Figure 8. Summary of BMBF in HCCs: BMBF possesses anti-metastatic potential involving downregulated mutant p53 mediating alterations of integrin α7, EMT, and MMP9 in HCCs.



[image: Biomedicines 11 02027 g008]













	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 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 (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
BMBF (1)

125
BVBF (M)

5

Integein 7|

Ecadherin|

Vimentin

Stug

mmps

GAPDH

135 k00

T00 099 073 057

100 094 059 058






media/file4.png
N & O O
o O O O

Cell viability (% of control)

o

140 -
120 -
100 -

m— 24hr

Huh?7
"7 48hr
I m *+*f£#
#_## e
#_## o e e
i
0 5 10 20 40 80

BMBF (M)






nav.xhtml


  biomedicines-11-02027


  
    		
      biomedicines-11-02027
    


  




  





media/file16.png
O
AR E ST
O
OMe \OMe
Integrin a7
1 Slug MMP9
p-FAK
p-AKT
| E-cadherin"‘ o

|EMT |

‘Vimentin

\ )






media/file2.png
VY

~d
ALY on
O

OMe OMe





media/file5.jpg
A

BMBF
(5 m)

one

Phase contrast

B (u)

35

£





media/file3.jpg
Cell viability (% of control)

140 |

120
100

80
60

40
20

o

Huh7 m—24hr
=== 48hr

il

e

il
it

e

i

I

0 5 10 20 40 80
BMBF (M)






media/file1.jpg
EtO /

OMe

Oy

OMe





media/file7.jpg
Migrated et (el i) ®

Invaded cells cllfekd)





media/file10.png
A BMBF (uM)
0 1 r X -

E-caderinl e Wy G Ry |13S kDa
1.00 1.18 1.44 1.46

Vimentin | s s s s |37 k02
1.00 0.86 0.85 0.37

Siugl_--- — |30kDa
1.00 0.85 0.59 0.43

MIVIP-O| " s s oo 72 kDa

1.00 0.79 0.61 0.44
GAPDHI‘* I37kDa

B BMBF (uM)

0 1 25 5
Integrin a7| G ey ey wesw |132kDa
1.00 0.70 0.66 0.54

— ey e o
p-FAK(125)/FAK 1.00 0.75 0.66 0.58
FAK" | o o e e 125 kD2

p-FAK 125 kDa

P-AKt| gt S Meab & [67KDa
p-Akt/Akt 1.00 0.97 0.62 0.39

A g - - -

B-actin | “————— | ) ),






media/file12.png
p53

GAPDH

BMBF (uM)
0 1 2.5 5

53 kDa

1.00 0.54 0.42 0.39

e eran

Solvent control

Scramble

Invaded cells (cells/field)

I
T RN
-
. Scramble 10 40

P53 siRNA (nM)

37 kDa

p53 suRNA(lO nM)

Integrin a7

p53 siR

NA (40 nM)

P Q‘ "-g So i\ S 8
T . . '). » .\?' . »..’:
J }i*:c ‘,’-'*‘: :" .{";\‘G .‘0
s g e 4 0 o
e g md g.'f’-'_"; .‘g-
',o.- ‘( ,'..i &‘ ) .= P Iy
*N - 4 K o O . N Ty )
g )‘& . T‘é"’j%. . ;.1‘.- 3
R 8, H *F o83y ‘ . :‘-l‘;“,
g e, % ."‘ . 4 » A . 2 ; ;
QAL v Sy K ¢
p AT of AW R S Y T

P53 siRNA (nM)

- Scramble 10 40

1.00 1.09 0.42 0.23

- | 138kDa

Slug | S—— < [30kDa
1.00 0.84 0.39 0.16

MMP-9 - |72kDa
1.00 0.93 0.27 0.11

B-actin | ——————— | 4202






media/file9.jpg
A BMBE (M) B BMBE (M)
T2 T s s
Ecaderin| e p—_— [135105 Integrin o7 [ @9 w—" w——] 152408
100 116 144 146 T00 0.70 0.6 054
Vimentin| S s —— %7 0" P - —— |
100085085 037 p-FAK(125)/FAK 100 0.75 066 058
Stug| G G @ s [30101 P | — o o—— 125100

100 085 059 043 _

- ™ o [ T o
100 0.79 0.61 0.44 p-Akt/Akt 1.00 0.97 0.62 0.39

B ———— A - - -
[-actin | Se————— |1 0;






media/file0.png





media/file14.png
A BMBF (M)

0 1 2.5 5
7 '. P, .o"‘/"' e . v "‘ g " . P - ¢ b T
"‘?'o?;é; b R A S “! AR - W4 ‘r"‘ -
DA { 2 e L. . iy " . o v ¢ - . l.f"\}'
n“‘ '.;.‘.J} ‘--.. :’_ : te “ . " ) ¢ ’ 4 0‘.. ~ " } . s g v, <
Wi - . ! - - ' . J » '
’.‘" :;\.0".-‘ ° % * C...::'.. € . :' ‘-’i ‘:n“i- « ‘ ’:r‘i. .‘.. -.‘4 ¢ Y -l, " .’ 0“\ ‘\‘
'/'. o G P ‘-I‘J' .. 7 ¢ &{ r ol . . Q . I\.
v % ¥ oL Yo oo - Sha & .. Gy e
Pt il | FORE A IO TR R 7t -
(LS e e a8l Soea X 857 - AL X s
BMBF (uM)
B c 0 1 2.5 5
160 P53 - |53 kDa
3“0 1.00 0.81 0.21 0.17
€l T i - e [97 kD
3120 ‘ Integrin a7 __ 4 : ‘I__ : 97 kDa
© 100 1 *wn 1.00 0.84 0.60 0.47
- . .
= 80 ol s s-cadherin|—- — — a— Ixss kDa
e 1.00 1.90 2.09 2.96
- 40 L
€ Vimentin | Se———— |57 <02
= 0 : : . : 1.00 0.99 0.73 0.57
0 1 y & -
BMBF (1M) Slug|- Oy - - |3o kDa

1.00 0.94 0.59 0.58

1.00 0.94 0.57 0.14

GAPDH | (IS SIS GRS S 7 <0°






media/file8.png
BMBF (uM)

<

:m_un._w_s_

BMBF (11M)

.
et ﬂ m 4 M 2 o
1

S (P1914/51193) 51192 papeAu)

i i -
(PI3/51193) 5119 pareiBiN

BMBF (M)






media/file11.jpg
ps3

GAPDH

BMBF (M)
01 25 s

100 054 0.42 039

53402

37408

100 093 027 01

Scamble 100

Pactin | e————] 20

FSTTRRA M





media/file6.png
DAPI

200X

Phase contrast

control

[V
=)
=
=3

=
a
8,

O

2.5

BMBF (uM)

—= 24 hr
- i

2.5

o o o o
@ o - o~

(%) 1192 uoneiBjw jo aane|au

BMBF (M)






media/file15.jpg
o

EO

7 1N

Integrin a7

| slug
p-FAK
p-AKT

~.

E-cadherinff*
EMT

‘Vimentin






