Moscatilin inhibits migration and metastasis of human breast cancer MDA-MB-231 cells through inhibition of Akt

and Twist signaling pathway
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Abstract 
Breast cancer metastasis is more resistant to che- motherapy and radiotherapy than is cancer of the visceral tissues; therefore, new treatment strategies are urgently needed. Moscatilin, derived from the orchid Dendrobrium loddigesii, has shown anticancer activity. We evaluated the mechanism by which moscatilin suppresses the migration and metastasis of human breast cancer MDA-MB-231 cells in vitro and in vivo. We demonstrated that moscatilin sig- nificantly inhibits MDA-MB-231 cell migration by using scratch assays and Boyden chambers. Transcriptional fac- tors inducing epithelial–mesenchymal transition, such as Twist, Snail, and Akt, play important roles in cell migration and cancer metastasis. Moscatilin inhibited the mRNA and protein expression of Twist, but not that of Snail, and subsequently inhibited N-cadherin expression. However, these effects were reversed by constitutively expressing active myristoylated (myr)-Akt and Twist overexpression. Moscatilin also suppressed Akt phosphorylation. However, Akt overexpression reversed the inhibitory effects of mosca- tilin on phospho-Akt protein expression but not its effects on Twist. The moscatilin-mediated inhibition of cell migra- tion was reversed by Akt and Twist overexpression, dem- onstrating that moscatilin blocked cell migration by inhibiting Akt and Twist. In an MDA-MB-231 metastatic animal model, moscatilin (100 mg/kg) significantly sup- pressed breast cancer metastasis to the lungs and reduced the number of metastatic lung nodules and lung weight without causing any toxicity. These results indicated that moscatilin inhibited MDA-MB-231 cell migration via Akt- and Twist-dependent pathways; this finding was consistent with moscatilin’s antimetastatic activity in vivo. Therefore, moscatilin may be an effective compound for the prevention of human breast cancer metastasis.
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Until recently, breast cancer has been one of the leading causes of cancer deaths in women worldwide [1]. Some 20– 30 % of patients with breast cancer eventually relapse with distant metastasis [2]. Breast cancer metastasis is more resistant to chemotherapy and radiotherapy than is cancer of visceral tissues. The aim of this study was to identify potential therapeutic agents for improving the survival of patients with breast cancer metastasis [3].

The basic helix-loop-helix transcription factor Twist is a 26-kDa protein that regulates embryonic morphogenesis and plays important roles in mesenchymal differentiation. An epithelial–mesenchymal transition (EMT)-inducing tran- scription factor, Twist has been shown to have an important role in cancer metastasis; it is highly upregulated in various human tumors and metastatic cells. Overexpression of the Twist protein plays a role in EMT and has been associated with poor outcomes in cancer patients. The inhibition of Twist expression by short-interfering RNAs would affect metastatic vigor [4], and the upregulation of Twist-1 may contribute to the resistance to paclitaxel and antimicrotubule drugs in cancer patients [5]. Snail, which is also an EMT regulator, is a zinc-finger transcription repressor that was first discovered as an inhibitor of the E-box in the E- cadherin promoter. In previous studies, Snail has been found in the epithelial and endothelial cells of invasive breast tumors [6, 7]. Overexpression of Snail has also been asso- ciated with metastasis and poor outcome. Previous studies have demonstrated that Twist can upregulate mesenchymal markers, including fibronectin, N-cadherin, and vimentin; downregulate the epithelial cell marker E-cadherin; and promote cancer migration, invasion, and metastasis. There- fore, Twist might play a pivotal role in tumor metastasis.

Moscatilin (4,4′-dihydroxy-3,3′,5-trimethoxybibenzyl) is a bibenzyl component isolated from the stem of the orchid Dendrobrium loddigesii, and it is used in traditional Chinese medicine to cure fever. Moscatilin has been recently shown to suppress the proliferation of solid tumor cells [8] and to induce apoptosis in colorectal HCT116 cancer cells through JNK activation and tubulin depolymerization. In addition, moscatilin has been shown to have an anti-inflammatory effect on macrophages, through its inhibition of NF–kappaB [9] and an anti-angiogenic effect via its inhibition of the

extracellular signal-regulated kinase, Akt, and endothelial nitric oxide synthase pathways [10]. However, the roles of moscatilin in tumor migration and metastasis are not clear. In view of moscatilin’s potential use in cancer therapy, we attempted to study the mechanism by which it suppresses the migration and metastasis of human breast cancer cells in vitro and in vivo.

Materials and methods

Reagents and antibodies

Antibodies to Snail and Twist were purchased from Cell Signaling Tech (Beverly, MA, USA); E-cadherin, N-cad- herin, and vimentin from Epidemics (Burlingame, CA, USA); actin, horseradish peroxidase (HRP)-conjugated anti-mouse and anti-rabbit IgGs from Santa Cruz Biotech- nology (Santa Cruz, CA, USA); rabbit and mouse polyclon- al antibodies from BioVision (Mountain View, CA, USA); and RPMI-1640 medium, bovine serum albumin, penicillin, and trypsin-EDTA from Gibco/BRL (Gaithersburg, MD, USA). Protein assay kits and sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis were purchased from Bio-Rad Labs (Hercules, CA, USA); Trizol reagent and lipofectamine 2000 from Invitrogen (Carlsbad, CA, USA); random primer, RNase, dNTP, M-MLV RT, 100-bp DNA ladder, and 6× dye from Promega (Madison, WI, USA); and pro Taq from Protech (Taipei, Taiwan).

Cell culture

Both human breast adenocarcinoma cells MDA-MB-231 from American Type Culture Collection (Manassas, USA) and MDA-MB-231/luc cells were kindly provided by Pro- fessor M-L Kuo (National Taiwan University, Taipei, Tai- wan). The cells were grown in RPMI 1640 supplemented with 10 % heat-inactivated fetal bovine serum (FBS) (Invi- trogenTM Life Technologies, Carlsbad, CA, USA), 100 units/ml of penicillin, and 100 μg/ml of streptomycin. Cul- tures of both cells were incubated at 37 °C in 5 % CO2 and 95 % air.

Western blot assay

To analyze the migration-related proteins, cells were washed with PBS, lysed with iced buffer A (20 mM Hepes, pH 7.9, 2 M EGTA, 1 mM DTT, 1 μg/mL leupeptin, 5 μg/mL aprotinin, 1 mM phenylmethylsulfonyl fluoride, and 1 mM sodium orthovanadate), incubated on ice for 30 min, and then centrifuged at 12,000 rpm at 4 °C for 30 min. The whole-cell extract was mixed with SDS sample buffer and that mixture denatured under heat at 95 °C for 5 min. An equal volume of the sample was electrophoresed on SDS polyacrylamide gel before it was transferred to a polyviny- lidene fluoride membrane. The protein on the membranes was conjugated with specific primary antibodies and shaken overnight at 4 °C, washed with PBS-containing Tween-20, and then incubated with rabbit or mouse secondary antibody for 1 h. The immunoblot of the band was detected by HRP- conjugated electrochemiluminescence by using a photo- graphic film.

In vitro scratch assay

The cell migration power of the MDA-MB-231 cells was measured using the in vitro scratch assay. Cells were seeded to a six-well culture dish and grown to a density of 80 %. Confluent cells were wounded by scraping the cell mono- layer with a sterile pipette tip. After removal of the cellular debris, the MDA-MB-231 cells were exposed to moscatilin at concentrations of 3 and 10 μM for 24 h. Wound closure was recorded and photographed using a microscope with AxioCam cameras. The extent of the wound was expressed as average percent compared with that at zero time.

Boyden chamber migration assay

The migration assay was carried out in a modified Boyden chamber with polyvinylpyrrolidone-free Nucleopore filters of 8-μm pore size (Millipore, Billerica, MA), previously coated with 0.5 % gelatin. MDA-MB-231 cells (1 × 105 cells/well) were seeded to the upper wells with and without moscatilin (3 and 10 μM) for 24 h. FBS medium (20 %) was added to the lower wells as a chemoattractant. After 24 h, the membrane was fixed for 20 min with 4 % paraformal- dehyde and stained for 10 min with crystal violet. The migrated cells were estimated by counting the stained cells in five random fields.

Plasmids and transient transfection assay

Using Lipofectamine 2000 (Invitrogen), MDA-MB-231 cells were transfected with pcDNA3.1 plasmid containing overexpressed Twist and Akt proteins. After 6–8 h of trans- fection, the cells were re-serum medium overnight and then treated with moscatilin for 24 h. The cells were lysed before subjecting them to Western blot analysis.

RNA isolation and the reverse transcription (RT-PCR) assay

Total RNA was isolated from human breast cancer cells by using Trizol reagent. The total RNA (5 μg) was transcribed to25μlcDNAbyusing2μgofdNTPs(10mM),1μgof RNase inhibitor, 1 μg of M-MLV reverse transcriptase, and 5× standard buffer. The appropriate primers were as follows:

Twist, 5′-TCTGGAGGACCTGGTAGAGG -3′ and 5′- GGAGTCCGCAGTCTTACGAG-3′; N-cadherin, 5′- CACCCAACATGTTTACAATCAACAATGAGAC-3′ and 5′-CTGCAGCAACAGTAAGGACAAACATCCTATT-3′; GAPDH, 5′-TCCTTGGAGGCCATGTGGGCCAT-3′ and 5′-TGATGACATCAAGAAGGTGGTGAAG-3′. PCR am- plification was performed using Taq polymerase under the following conditions—30 cycles at 95 °C, 55 °C, and 72 °C for 1 min for Twist and GAPDH, and 38 cycles at 95 °C, 60 °C, and 72 °C for 1 min for N-cadherin. The PCR products were analyzed on a 1.5 % agarose gel with ethi- dium bromide by electrophoresis.

MDA-MB-231/luc tumor metastatic assay

Six-week-old female BALB/c mice (Laboratory Animal Center, College of Medicine, National Taiwan University) were given MDA-MB-231/luc cells (2.5 × 106 cells) via the tail vein (six mice in each group). The mice then received, by intravenous injection, 200 mg/kg moscatilin, which had been dissolved in a mixture composed of 1 % DMSO, 4 % ethanol, 5 % Cremophor, and 90 % glucose (5 %w/v). Paclitaxel, 20 mg/kg, i.p., was used as a positive control. At the end of the experiment, on day 28, the mice were given D-luciferin (15 mg/kg, i.p.) incubated with 2.5 % isofluorane for anesthesia and examined with a Xenogen IVIS 200 biophotonic imager.

Statistical analysis

All of the in vitro data were expressed as the mean ± SEM of at least three independent experiments and were analyzed with Student’s t test. Significance was set at P < 0.05. A single asterisk indicates P < 0.05, two asterisks indicate P < 0.01, and three asterisks indicate P < 0.001.

Results

Moscatilin inhibited MDA-MB-231 cell migration

Cell migration plays an important role in cancer metastasis. To investigate the antimigratory effects of moscatilin on human breast cancer MDA-MB-231 cells, in vitro scratch and Boyden chamber assays were conducted. As shown in Fig. 1b, moscatilin inhibited MDA-MB-231 cell migration with an IC50 of 5.5 μM in a concentration-dependent reac- tion. The effect of moscatilin on cell migration was then determined using the Boyden chamber assay. MDA-MB- 231 cells migrated through filters toward FBS for 24 h. Moscatilin, at concentrations of 3 and 10 μM, significantly inhibited cell migration by 55 % (P < 0.001) and 64 % (P < 0.001), respectively (Fig. 1c). Together, these results demonstrate that moscatilin inhibits the migration of highly metastatic MDA-MB-231 cells.

Moscatilin–mediated suppression of EMT protein expression in MDA-MB-231 breast cancer cells

Increased Twist expression is associated with breast cancer cell migration, invasion, and metastasis to the lung via increased EMT protein expression and intravasation [4, 11]. In addition, the transcriptional factors Twist and Snail, which induce EMT, are involved in the cancer metastatic processes [12, 13]. We investigated whether Twist and Snail were involved in the moscatilin-induced cell migration in

human breast cancer MDA-MB-231 cells. As shown in Fig. 2a, moscatilin inhibited Twist protein and mRNA levels in a time- and concentration-dependent manner. Yet, when MDA-MB-231 cells were treated with moscatilin, 1, 3, and 10 μM, the Snail protein level was unaltered (Fig. 2b). These results suggest that the expression of the transcriptional factor Twist, but not Snail, was markedly decreased by mosca- tilin. We next investigated the downstream proteins of Twist, such as the epithelial marker E-cadherin and the mesenchymal markers N-cadherin and vimentin. Figure 2c to e demonstrates that moscatilin significantly inhibited the endogenous expres- sion of vimentin, N-cadherin protein, and mRNA in the MDA-MB-231 cells. In addition, the expression of the epithelial marker E-cadherin, which can modulate cell migra- tion, did not significantly change in the moscatilin-treated MDA-MB-231 cells (Fig. 2e).
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Fig. 1 Moscatilin-mediated inhibition of serum-induced MDA-MB-231 migration. a Structure of moscatilin. b MDA-MB-231 cell monolayers were scraped with a sterile mi- cropipette tip, and the cells were treated for 24 h with vari- ous concentrations (1, 3, and 10 μM) of moscatilin or the control solvent (CTL). The mi- gration length of the cells in the denuded zone was quantified over a 24-h period by inverted microscopy. White lines indi- cate the scraped zone. c 3D cell migration was measured over 24 h by using a Boyden cham- ber fitted with polycarbonate filters (pore size, 8 μm). An aliquot of 105 cells was trans- ferred to each upper well and treated with moscatilin (3 and 10 μM). The migration ability of the MDA-MB-231 cells was quantified by used sodium cit- rate to solve crystal violet. The absorbance was read at a wavelength of 550 nm, and the data were presented as the mean ± SEM of three replicate experiments. **P<0.01, ***P<0.001 compared with the untreated control
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Fig. 2 Inhibitory effect of moscatilin on serum-induced EMT protein expression in the MDA-MB-231 breast cancer cells. After starvation overnight, the cells were treated with moscatilin (1, 3, and 10 μM), treated with solvent (control, C), or left untreated (Basal, B) for time periods of 1, 8, and 24 h. The protein levels of a Twist, b Snail, c vimentin, d N-cadherin, and e E-cadherin in the whole-cell lysates were analyzed by Western blot technique. Actin was used as a loading control. The mRNA expression levels of a Twist and d N-cadherin were detected by RT-PCR by using GAPDH as an internal control. The data represent the mean ± SEM from three independent experiments

Moscatilin-mediated inhibition of Twist-mediated EMT expression through an Akt-independent pathway

Previous studies have indicated that Akt-induced EMT involves the activation of the transcriptional factor Twist, leading to cell motility [14, 15]. In this study, we first demonstrated that moscatilin (1–30 μM) suppressed the phosphorylation of Akt in a concentration-dependent man- ner (Fig. 3a, b).

In the next step, the MDA-MB-231 cells were transiently transfected with a control vector, myr-Akt (overexpressed Akt) or a dominant negative Akt (DN-Akt) plasmid, to identify whether Akt could be involved in moscatilin- induced cell function. As shown in Fig. 3c, the results indicate that the Twist protein level increased in response to the expression of myr-Akt and was suppressed by DN- Akt. Furthermore, Akt overexpression did not affect the expression of Twist protein after moscatilin treatment, but LY204002, an Akt inhibitor used as a positive control, reversed the Twist protein expression. These data suggest that moscatilin inhibition of Twist protein expression in human breast MDA-MB-231 cells is not effected via an Akt-independent pathway.

Twist is an important factor involved in the expression of N-cadherin after treatment with moscatilin. According to previous reports, the expression of Twist is strongly corre- lated with that of N-cadherin, both in cell migration and invasion. To further assess the correlation between Twist and N-cadherin expressions after moscatilin treatment, we evaluated the protein expression of N-cadherin in the MDA-MB-231 cells showing Twist overexpression. The results showed that the overexpression of Twist reversed the moscatilin-mediated downregulation of N-cadherin (Fig. 4a, b), demonstrating that moscatilin significantly sup- presses Twist expression and that of its downstream protein N-cadherin. Reversal of the moscatilin-mediated anti-migration effect by Akt/Twist overexpression in MDA-MB-231 cells Because we supposed that moscatilin-inhibited cell migra- tion might be correlated with Akt, Twist, and N-cadherin protein levels, we next investigated whether the overexpres- sion of Akt and Twist could reverse the moscatilin-mediated antimigratory effect on MDA-MB-231 cells. As shown in Fig. 5a, the overexpression of Akt and Twist indeed signif- icantly increased the migration of MDA-MB-231 cells com- pared with that associated with the control vector and reversed the inhibitory effect of moscatilin on cell migration (Fig. 5a, b). According to these data, we suggest that the Akt and Twist signaling pathways play important roles in the inhibitory effect of moscatilin on MDA-MB-231 cell migration.
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Fig. 3 Moscatilin-inhibited, Twist-mediated EMT protein expression through an Akt-independent pathway. a The phosphorylation level of Akt after treatment of the cells with 1, 3, 10, and 30 μM moscatilin with solvent (control, C), or without treatment (Basal, B) for 24 h. b The percentage of Akt phosphorylation compared with that in the control. c The MDA-MB-231 cells were transfected with 2 μg/μL of vector, overexpressed Akt (myr-Akt), or domain-negative Akt (DN- Akt), and then treated with LY29004 (20 μM) or moscatilin (30 μM). The whole-cell lysates were analyzed by Western blot with p-Akt and Twist antibodies. HA and actin were used as transfection and loading controls, respectively. d Twist protein expression compared with that in the control group. The data represent the mean ± SEM from three independent experiments. *P<0.05

Moscatilin inhibition of breast cancer metastasis in vivo

To investigate whether moscatilin can affect breast cancer metastasis in vivo, we established an in vivo metastatic model by injecting MDA-MB-231/luc (luciferase-trans- fected) cells into the tail vein of BALB/c mice. As shown in Fig. 6a, the metastasis of MDA-MB-231/luc human
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Fig. 4 The correlation between Twist and N-cadherin change after moscatilin treatment. a The cells were transfected overnight with Twist and the control vector and then treated with moscatilin (10 μM). The protein levels of Twist and N-cadherin were obtained using antibodies. b The percentage of N-cadherin protein expression was compared with that in the untreated moscatilin group. The data represent the mean ± SEM from three independent experiments
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Fig. 5 Overexpression of Twist and Akt reversed the ability of MDA-MB-231 cells to migrate. a MDA-MB-231 cells were transfected with overexpressed Akt or Twist and re-incubated overnight in serum. Then, the cells were scraped with a sterile micropipette tip and treated with moscatilin (3 or 10 μM), or solvent (control, CTL), or not treated at all (Basal), for

24 h. The migration length of the cells in the denuded zone was quantified by inverted microscopy. b The percentage of migration inhibition is shown as a ratio of the moscatilin- treated group to the untreated group. The data represent percentage compared with that in the vector group, taken from three independent experiments

breast cancer cells into the lungs, liver, and brain was measured by an in vivo imaging system (IVIS) 3 weeks after the injection. Moscatilin (100 mg/kg, daily, i.v.) signif- icantly suppressed tumor metastasis (Fig. 6c). As a reference control, we used paclitaxel (20 mg/kg, q4d, i.v.). An anti- microtubulin agent, paclitaxel had a slight antimetastatic effect on the MDA-MB-231/luc model (Fig. 6b). The bio- luminescence was expressed as photons per second per region of interest (Fig. 6d). Although the lung is one of

most common target organs for breast cancer metastasis [16], in the moscatilin-treated mice, although not in those treated with paclitaxel, the number of pulmonary metastatic nodules and the weight of the lungs were significantly reduced (Fig. 6e, f). The fact that the body weight of the moscatilin-treated mice did not change compared with that of the control group indicates a lack of moscatilin toxicity (Fig. 6g). In summary, our data demonstrated that moscatilin significantly inhibits breast cancer metastasis in vivo.

[image: image6.png]



Fig. 6 The in vitro antimetastatic effect of moscatilin in the MDA-MB- 231/luc tumor metastatic mod- el. Female BALB/c mice were injected with 5×106 cells/mL into their tail vein. When the IVIS image showed lung me- tastasis, the mice were given saline (control) or paclitaxel (20 mg/kg, i.v.) every 4 days for a total of 5 days, or moscatilin (100 mg/kg, i.v.) daily. a–c Images of luciferase expression in the MDA-MB-231/luc cells were taken from the control, paclitaxel-, and moscatilin- treated groups. d–f Measure- ments of primary lung tissue obtained from the mice at the end of the treatment (day 28). g Body weights of the mice (**P <0.01, ***P<0.001, compared with the respective control)

Discussion

Metastastic breast cancer patients have a poor prognosis and a high mortality rate. The standard treatment for breast cancer includes surgery, hormonal therapy, chemotherapy, and radiotherapy. However, because drug resistance is com- mon in cases of breast cancer, especially in metastatic breast cancer patients, preventing and inhibiting the metastasis itself is crucial for controlling the disease, prolonging sur- vival, and enhancing the patients’ quality of life. Many natural and alternative cancer treatments can improve the treatment of cancer itself and mitigate the undesirable side effects of its treatment. Therefore, we studied a number of natural products isolated from traditional Chinese medicines for their development as anticancer agents. In this investi- gation, we found that moscatilin, isolated from the stem of the orchid D. loddigesii and already in use in traditional Chinese medicine, exhibited an antimigration effect in vitro and an antimetastatic effect in vivo in human breast cancer MDA-MB-231 cells.

We report that moscatilin significantly inhibited the migra- tion of MDA-MB-231 cancer cells, which is an important step in tumor metastasis. According to recent reports, both EMT and Akt are required for cell migration [17, 18]. EMT occurs during the early stages of the transformation of a tumor into a malignant neoplasm [12] and is required for breast cancer metastasis [13]. In this study, we demonstrated that moscatilin suppresses the migration of MDA-MB-231 cancer cells by inhibiting EMT. EMT itself is activated by transcriptional regulators such as Twist, Snail, and Slug [14], which repress epithelial junction complexes, such as E-cadherin and β- catenin, and induce the expression of mesenchymal genes N- cadherin and vimentin [15, 19, 20]. We found that moscatilin inhibits the mRNA and protein expression of Twist, but not that of Snail, in a time- and concentration-dependent manner. We also determined that the downregulation of N-cadherin occurs after moscatilin treatment. These results demonstrate that the suppression of EMT by moscatilin correlates with the Twist-mediated transcriptional downregulation of N-cadherin.

The serine/threonine protein kinase Akt, which is activat- ed through the PI3K pathway, has been implicated in several cellular functions, including proliferation, survival, metabo- lism, and migration [21, 22]. We showed here that moscati- lin inhibits the phosphorylation of Akt; thus, Akt might play a role in the moscatilin-mediated inhibition of cell migra- tion. Vichalkovski et al. demonstrated that the phosphoryla- tion of the Twist-1 transcription factor by Akt/PKB in response to DNA damage contributes to an anti-apoptotic mechanism in human breast MCF-7 cancer cells [23]. Li and Zhou showed that the Akt pathway was activated in Twist- overexpressing HeLa and MCF-7 cancer cells [17]. In this study, we found that neither the overexpression of Akt nor that of Twist can reverse the inhibitory effects of moscatilin on

Twist and Akt phosphorylation, although overexpression of Akt and Twist significantly reverses the antimigratory effect of moscatilin. These results suggest that moscatilin suppresses cell migration through Akt- and the Twist-mediated EMT pathway.

Recent reports have shown that the transcriptional factor NF–κB can induce Twist upregulation in cancer cells after treatment with anticancer drugs [24]. However, since NF–κB plays an important role in inducing resistance to chemotherapy and radiotherapy [25] and in triggering can- cer metastasis [26], Twist-1 might be a major participant in NF–κB-mediated chemoresistance and in metastasis. According to the report of Liu et al., moscatilin inhibits COX-2 and iNOS expression via a NF–κB-dependent path- way in RAW264.7 cells [9]. Our finding that moscatilin significantly inhibits EMT is consistent with the observed migration of cancer cells because of downregulation of Twist mRNA and protein expression. On the basis of these findings, we supposed that moscatilin would regulate NF–κB activation, leading to inhibition of Twist expression and consequent suppression of human breast cancer cell migration. However, we needed more evidence to identify a correlation between NF–κB and Twist after moscatilin treatment. Although moscatilin has been reported to have anticancer [8], anti-inflammatory [9], and anti-angiogenesis [10] activities, its possible antimetastatic activity has not been investigated. Our work demonstrated that moscatilin exhibited a significant antimigration effect on human breast cancer MDA-MB-231 cells and showed antimetastatic action in the MDA-MB-231/luciferin metastatic animal model. In our in vivo study, we demonstrated the efficacy of intrave- nously administered moscatilin in inhibiting the metastasis of MDA-MB-231 cells to the lung. Taken together, these results indicate moscatilin’s potential to inhibit both the migration and the metastasis of human breast cancer cells. Furthermore, the findings indicate that the activity, itself, could be attributed to its inhibition of the Akt- and Twist-mediated signaling pathways. Hence, this study demonstrates the potential for moscatilin as a treatment for breast cancer metastasis.
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