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Abstract. Emetine, an amoebicidal drug, exerts potent 
anticancer activity against various solid tumors, however, 
the underlying molecular mechanism remains unclear. In 
the present study, the effects of emetine were investigated 
on various proteins involved in the Wnt/β-catenin signaling 
pathway, which has been linked to various human cancers. It 
was revealed that emetine blocked Wnt/β-catenin signaling by 
targeting components of this pathway, including the low-density 
lipoprotein-receptor-related protein 6 (LRP6) and dishev-
eled (DVL). Moreover, nanomolar concentrations of emetine 
decreased phosphorylation of these proteins and suppressed 
the expression of Wnt target genes, including fibronectin, 
frizzled-7 (Fzd7), c-Myc, Nanog and CD133 in MDA-MB-231 
and MDA-MB-468 breast cancer cells. Additionally, emetine 
treatment induced apoptosis and suppressed the viability, 
migration, invasion, and sphere formation of breast cancer 
cells. Collectively the present results indicated that emetine 
antagonizes Wnt/β-catenin signaling, providing insight into 
the molecular mechanism underlying the anticancer activity 
of emetine.

Introduction

The Wnt/β-catenin signaling pathway plays critical roles in 
embryonic development and tissue homeostasis, and aberrant 
Wnt signaling has been implicated in the pathogenesis of 
many different human cancers, including breast cancers (1-4). 
Therefore, this signaling pathway represents a target for 
the development of anticancer therapeutics. Wnt/β-catenin 
signaling involves multiple proteins and binding events. It 
is initiated by binding of Wnt ligands to frizzled receptor 
(Fzd) as well as the co-receptor low-density lipoprotein 
receptor-related protein 5/6 (LRP5/6). This binding, results in 
activation of Wnt signaling, permitting additional binding of 
dishevelled (DVL), which triggers phosphorylation of LRP5/6 
at one or more cytoplasmic motifs. Subsequently, phosphory-
lated LRP5/6 enhances the interaction between DVL and 
Axin, which destabilizes the β-catenin destruction complex 
composed of Axin, adenomatous polyposis coli (APC), casein 
kinase 1 (CK1), and glycogen synthase kinase 3β (GSK-3β)  (5). 
The destruction complex can phosphorylate β-catenin, which 
is the central mediator of canonical Wnt signaling through 
GSK3β, and thereby induce the degradation of β-catenin 
by the ubiquitin-proteasome pathway (6). Disaggregation of 
the destruction complex results in inhibition of β-catenin 
phosphorylation, which leads to cytoplasmic β-catenin 
accumulation. Upon reaching a sufficiently high cytoplasmic 
concentration, β-catenin translocates to the nucleus where 
it promotes expression of Wnt target genes, such as CD44, 
cyclin D1, c‑Myc, survivin and fibronectin (7‑9).

Emetine, a natural alkaloid isolated from Psychotria 
ipecacuanha, has been revealed to inhibit the synthesis of 
various biomolecules (10,11) and used to treat amoebiasis since 
the early 1900s (12). Phase I and II clinical trials evaluating the 
anticancer efficacy of emetine were conducted by the National 
Cancer Institute in the mid-1970s (13-16). However, these clin-
ical studies did not lead to the clinical application of emetine 
as they revealed only marginal efficacy and some adverse side 
effects, such as cardiac damage. In recent years, derivatives 
of emetine have been synthesized and reported to offer better 
efficacy against cancer cells along with less toxicity to normal 
cells (17,18). Moreover, various studies have demonstrated a 
potent cytotoxic activity of emetine and its biological targets 
in a variety of human carcinoma cell lines (19-24). Emetine 
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has been investigated in combination with other agents for 
evaluation of their synergistic antitumor effects toward the 
goal of achieving effective treatment with a reduced dose and 
fewer side effects (25,26). Specifically, Visnyei et al identi-
fied emetine as an inhibitor of glioblastoma stem cells using 
a molecular screening system (27). Another study demon-
strated that emetine inhibits the hedgehog signaling pathway 
by binding to hedgehog, smoothened and Gli protein, which 
have been implicated in the biology of cancer stem cells 
(CSCs) (28). However, the molecular mechanism by which 
emetine targets CSCs remains unclear, and such knowledge 
could facilitate the potential application of emetine and its 
structural modifications in cancer chemotherapy. Therefore, in 
the present study, the effects of emetine on Wnt signaling were 
investigated in multiple breast cancer cell lines. The present 
results revealed emetine as a novel Wnt/β-catenin signaling 
antagonist that suppresses the phosphorylation of LRP6 and 
dishevelled-2 (DVL2).

Materials and methods

Reagents and plasmids. Emetine was purchased from 
Sigma-Aldrich; Merck KGaA. Emetine was dissolved in 
dimethyl sulfoxide (DMSO) for preparation of a stock solu-
tion at a concentration of 10 mM. For use with cells, the stock 
solution was diluted with the cell‑specific media, and the final 
DMSO concentration was <0.1%. The SuperTOPFlash reporter 
plasmid was a kind gift from Dr Karl Willert (University of 
California at San Diego, San Diego, CA, USA). The expres-
sion plasmids for Wnt1, LRP6, CK1, DVL2, β-catenin, and 
β-galactosidase (β-gal) have been previously described (29,30).

Cell culture. 293T, MDA-MB-231, MDA-MB-468, Hs578T, 
and MCF10A cells were obtained from the American 
Type Culture Collection (ATCC). 293T and Hs578T cells 
were cultured in Dulbecco's Modified Eagle's Medium 
(DMEM) (Gibco; Invitrogen; Thermo Fisher Scientific, Inc.) 
supplemented with 10% fetal bovine serum (FBS) and 1% 
penicillin-streptomycin in 5% CO2 at 37˚C. MDA‑MB‑231 and 
MDA-MB-468 cells were grown in Leibovitz's L-15 medium 
(Gibco; Invitrogen; Thermo Fisher Scientific, Inc.) supple-
mented with 10% FBS and 1% penicillin‑streptomycin at 37˚C 
in a humidified incubator without CO2. MCF10A cells were 
cultured in DMEM/Ham's F-12 (Gibco; Invitrogen; Thermo 
Fisher Scientific, Inc.) supplemented with 100 ng/ml cholera 
toxin, 20 ng/ml epidermal growth factor (EGF), 0.01 mg/ml 
insulin, 500 ng/ml hydrocortisone, and 5% chelex-treated 
horse serum. All of the growth factors were purchased from 
Sigma-Aldrich (Merck KGaA). 

Luciferase reporter gene assay. 293T cells were transfected 
with reporter plasmid (0.25 µg), control plasmid pCMX bgal 
(50 ng), and the indicated expression plasmids (50-200 ng) 
using Lipofectamine 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instructions. 
After transfection for 24 h, the cells were treated with emetine 
at concentrations of 0 (control), 6.25, 12.5, 25, 50 or 100 nM 
for the indicated culture time-points. Luciferase assays were 
performed using a luciferase assay kit (Promega Corp.) and 
the luciferase activity was normalized to β-gal activity. 

Immunoblot analyses. Cells were harvested and sonicated in 
lysis buffer (20 mM Tris-HCl pH 7.4, 150 mM NaCl, 1 mM 
EDTA, 1 mM EGTA, 1% Triton X-100, 2.5 mM sodium 
pyrophosphate, 1 mM β-glycerol phosphate, 1 mM sodium 
orthovanadate, 2 µg/ml leupeptin and 1 mM PMSF) containing 
the protease inhibitor phenylmethylsulfonyl fluoride, and 
protein concentrations were determined using a BCA protein 
assay kit (Cell Signaling Technology, Inc.). Equal amount of 
proteins  (40 µg) were loaded in a 8% sodium dodecyl sulfate 
(SDS)-polyacrylamide gel, and transferred to polyvinylidene 
difluoride (PVDF) membranes for immunoblotting with 
anti-phospho LRP6 (Ser1490) (dilution 1:1,000; cat. no. 2560s), 
anti-LRP6 (dilution 1:1,000; cat. no. 2568L), anti-DVL2 (dilu-
tion 1:1,000; cat. no. 3216s), anti-non-phospho (active) β-catenin 
(dilution 1:2,000; cat. no. 8814s; all from Cell Signaling 
Technology, Inc.), and anti-β-catenin (dilution 1:2,000; cat. 
no. sc-7963; Santa Cruz Biotechnology, Inc.), anti-β-actin 
(dilution 1:5,000; cat. no. HC-201; TransGen Biotech). After 
transferring, the PVDF membranes were blocking using 
5% non-fat powdered milk (cat. no. A600669-0250; Sangon 
Biotech Co., Ltd.) at room temperature for 1 h. Then the 
PVDF membranes were incubated with HRP conjugated 
goat anti-mouse (dilution 1:10,000; cat. no. A16066; Thermo 
Fisher Scientific, Inc.) or anti‑rabbit (dilution 1:10,000; cat. 
no. A16096; Thermo Fisher Scientific, Inc.) IgG for 1 h at room 
temperature. After incubated with ECL Plus Western Blotting 
Substrate (cat. no. 32132; Thermo Fisher Scientific, Inc.), the 
immunoblots were developed by either X‑ray film (Kodak) 
or Chemiluminescent Imaging System (cat. no. 5200; Tanon). 
Densitometric analysis was carried out using the ImageJ 1.8.0 
Analysis Software (National Institutes of Health), and the 
quantification results were normalized to the loading control.

Real‑time polymerase chain reaction (PCR) analyses. Total 
RNA was isolated using RNAiso Plus (Takara Bio, Inc.) and 
reverse-transcribed into cDNA using the Primescript RT 
reagent kit (Takara Bio, Inc.) according to the manufacturer's 
instructions (37˚C, 15 min; 85˚C, 5 sec). Prepared cDNA was 
then used for the quantitative PCR analysis (95˚C, 5 min; 95˚C, 
15 sec, 60˚C, 1 min) using FastStart Universal SYBR-Green 
Master (Roche Applied Science). The primers used were as 
follows: Fibronectin sense, 5'-ACC TAC GGA TGA CTC GTG 
CTT T-3' and antisense, 5'-TTC AGA CAT TCG TTC CCA CTC 
A-3'; frizzled-7 (Fzd7) sense, 5'-CAA CGG CCT GAT GTA CTT 
TAA GG-3' and antisense, 5'-CAT GTC CAC CAG GTA GGT 
GAG A-3'; c-Myc sense, GCC ACG TCT CCA CAC ATC AG 
and antisense, TCT TGG CAG CAG GAT AGT CCT T; CD133 
sense, 5'-AGT CGG AAA CTG GCA GAT AGC-3' and antisense, 
5'-GGT AGT GTT GTA CTG GGC CAA T-3'; and Nanog sense, 
5'-TTT GTG GGC CTG AAG AAA ACT-3' and antisense, 
5'-AGG GCT GTC CTG AAT AAG CAG-3'.

Lentiviral shRNA. The sequences of β-catenin shRNAs were 
as follows: shβ-cat#1: CCG GTT GTT ATC AGA GGA CTA 
AAT ACT CGA GTA TTT AGT CCT CTG ATA ACA ATT TTT G; 
shβ-cat#2: CCG GAG GTG CTA TCT GTC TGC TCT ACT CGA 
GTA GAG CAG ACA GAT AGC ACC TTT TTT. For infection 
with lentivirus, the cells were cultured with lentiviral solution 
for 24 h in the presence of 5 µg/ml Polybrene (Sigma-Aldrich; 
Merck KGaA).
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Cell viability assay. MDA-MB-231 and MDA-MB-468 cells 
were seeded at 1x104 cells/well in 96-well plates and allowed 
to incubate overnight. The cells were treated with emetine at 
concentrations of 0 (control), 12.5, 25, 50, 10 and 200 nM for 
48 h. MTT reagent (5 mg/ml; 20 µl/well) was added and incu-
bated for another 4 h. The formazan crystals were dissolved 
in 150 µl DMSO, and the absorbance of the formazan solution 
was measured at 570 nm.

Apoptosis assay. After treatment with emetine (0-100 nM) for 
24 h, MDA-MB-231, MDA-MB-468, and MCF10A cells were 
collected and incubated with Annexin V‑fluorescein isothiocy-
anate (FITC) and propidium iodide (PI) solutions (TransGen 
Biotech Co., Ltd.) according to the manufacturer's protocol. 
A FACSCalibur™ (BD Biosciences) fluorescence‑activated 
cell‑sorting (FACS) instrument was used for quantitative fluo-
rescence sorting, and FlowJo v10.0.8 (Tree Star, Inc.) was used 
for subsequent analysis.

Scratch assay. MDA-MB-231 cells were cultured in a 24-well 
plate, and a 200-µl sterile pipette tip was passed through the 
cell monolayer to create a wound gap. Then, the cells were 
incubated with DMSO or 50 or 100 nM emetine for 24 h. 
Micrographs of the scratched areas were captured using an 
Olympus CKX53 microscope (Olympus Corp.).

Transwell assay. Cell migration and invasion were assessed 
using Transwell assays as previously described (31). Briefly, 
2x105 cells suspended in serum-free medium were seeded 
in 24-well Transwell chambers with 8-µm pore membranes. 
Emetine at 50 or 100 nM was added to the top chamber, and 
DMEM containing 20% FBS was added to the lower chamber 
as a chemoattractant. After 12 h of incubation, the cells on 
the upper surface of the membrane were wiped away, and the 
cells that had migrated to the lower surface of the membrane 
were stained with 0.1% crystal violet and photographed under 
a light microscope. For the invasion assay, the Transwell 
chambers were coated with Matrigel (Corning Life Sciences). 
For quantitative analysis, 33% acetic acid was used to elute the 
stained cells, and the absorbance of the resultant solutions was 
detected at 570 nm.

Sphere formation assay. Hs578T cells were seeded at 
250 cells/well in DMEM medium [2% B-27, 10 ng/ml EGF, 
10 ng/ml fibroblast growth factor (FGF), and 10 µg/ml insulin] 
containing emetine (50 or 100 nM) in a 24-well Ultra-Low 
Attachment plate (Corning Inc.). All of the growth factors 
were purchased from Sigma-Aldrich (Merck KGaA). After 
10 days in culture, spheres with a diameter greater than 50 µm 
were counted, and representative fields were photographed 
under a light microscope. Each treatment was applied to three 
replicates.

Statistical analyses. Statistical analyses were performed using 
GraphPad Prism software (v5.0; GraphPad Software). The 
normal probability plot was used to examine data distribu-
tions. A Student's t-test was applied when the data exhibited 
normal distribution. The data were analyzed by Student's 
t-test or one-way analysis of variance (ANOVA) followed by 
Dunnett's t-test. A P-value <0.05 was considered to indicate 

a statistically significant difference. Data are presented as the 
mean ± standard deviation (SD), and are derived from at least 
three independent assays, unless specified otherwise.

Results

Emetine suppresses Wnt/β‑catenin signaling. The cell-based 
TOPFlash reporter system was used for an initial screen 
of Food and Drug Administration (FDA)-approved drug 
libraries. Emetine (Fig. 1A) was identified as a potential 
inhibitor of Wnt/β-catenin signaling. To assess the effect 
of emetine on Wnt signaling, 293T cells were transfected 
with a SuperTOPFlash reporter plasmid together with Wnt1, 
LRP6, Wnt1/LRP6, DVL2, or β-catenin expression plasmids 
(Fig. 1B-F). Treatment with 6.25-100 nM emetine effectively 
inhibited transcription of the SuperTOPFlash reporter acti-
vated by Wnt1 (Fig. 1B), LRP6 (Fig. 1C), Wnt1/LRP6 (Fig. 1D) 
and DVL2 (Fig. 1E) compared to 0-nm treated group, while 
emetine had little effect on β-catenin-induced reporter activity 
(Fig. 1F). These results indicated that emetine may target 
upstream components of Wnt/β-catenin signaling. In control 
experiments, Wnt inhibiting concentrations of emetine had no 
effect on the luciferase activity of an activator protein 1 (AP-1) 
reporter gene (Fig. 1G) or a nuclear factor of activated T cells 
(NFAT) reporter gene (Fig. 1H).

Emetine affects different components of the Wnt/β‑catenin 
signaling cascade. To further investigate the mechanism of 
the effect of emetine on the Wnt pathway, 293T cells were 
transfected with a Wnt1 expression plasmid. Overexpression 
of Wnt1 resulted in enhanced levels of phosphorylated 
LRP6, total LRP6, DVL2, activated β-catenin and cytosolic 
β-catenin (Fig. 2). Treatment with nanomolar concentrations 
of emetine significantly decreased the expression levels of 
phosphorylated LRP6, total LRP6, phosphorylated DVL2, 
active β-catenin and cytosolic β-catenin (Fig. 2). Notably, the 
extent of reduction in total and phosphorylated LRP6 was 
similar upon emetine treatment, suggesting that emetine may 
downregulate LRP6 expression, but not its phosphorylation. 
These findings indicated that emetine inhibits Wnt/β-catenin 
signaling by targeting LPR6 and DVL2.

Emetine suppresses Wnt/β‑catenin signaling in breast cancer 
cells. The effect of emetine on Wnt/β-catenin signaling was 
next assessed in the MDA-MB-231 and MDA-MB-468 breast 
cancer cell lines. Treatment with emetine decreased the levels 
of phosphorylated LRP6, total LRP6, phosphorylated and 
unphosphorylated DVL2, active β-catenin levels and cytosolic 
β-catenin in both cell lines (Fig. 3A and B). These results 
revealed that emetine suppressed Wnt/β-catenin signaling in 
breast cancer cells.

Emetine downregulates the expression of Wnt target genes in 
breast cancer cells. To further evaluate the inhibitory effect of 
emetine on Wnt signaling in breast cancer cells, real-time PCR 
was performed to detect the mRNA expression of several Wnt 
target genes, including fibronectin, Fzd7, c‑Myc, CD133 and 
Nanog. In MDA-MB-231 and MDA-MB-468 cells, emetine 
dose‑dependently downregulated the transcription of fibro-
nectin, Fzd7, c-Myc, CD133 and Nanog (Fig. 4). These results 
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further confirmed the suppression of Wnt signaling in breast 
cancer cells treated with emetine. 

Emetine inhibits the viability, migration and invasion of breast 
cancer cells while inducing apoptosis. An MTT assay was 
employed to examine the effect of emetine on the viability of 
breast cancer cells. The results revealed that treatment with 
emetine selectively reduced the viability of breast cancer 
MDA-MB-231 and MDA-MB-468 cells, but had little effect 

on MCF10A human mammary epithelial cells (Fig. 5A). The 
effect of emetine on apoptosis was then assessed among breast 
cancer cells. Evaluation of apoptosis among MDA-MB-231 and 
MDA-MB-468 cells after treatment with increasing concentra-
tions of emetine (0, 25, 50 or 100 nM) for 24 h, revealed that 
emetine selectively induced apoptotic cell death in both breast 
cancer cell lines compared to MCF10A cells (Fig. 5B). 

Considering the important role of the Wnt pathway in 
cancer cell migration and invasion, the effects of emetine on 

Figure 1. Emetine suppresses Wnt/β-catenin signaling. (A) Chemical structural formula of emetine. (B-F) SuperTOPFlash reporter gene with empty vector 
or expression vectors encoding (B) Wnt1; (C) LRP6; (D) Wnt1 and LRP6; (E) dishevelled-2 (DVL2); and (F) β-catenin was used to transfect 293T cells 
before treatment with vehicle control (DMSO) or emetine (6.25, 12.5, 25, 50 or 100 nM) for 24 h. Luciferase activity was normalized to β-gal activity. 293T 
cells were transfected with (G) AP-1-Luc reporter along with control vector or a constitutively active Rasv12 expression plasmid, and (H) NFAT-Luc reporter 
together with control vector or NFATc expression plasmid. Data are the average values from three independent experiments performed in duplicate (*P<0.05). 
LRP6, low-density lipoprotein-receptor-related protein 6; AP-1, activator protein 1; NFAT, nuclear factor of activated T cells.
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the migratory and invasive activities of breast cancer cells 
were investigated. Results of an in vitro scratch assay revealed 
that emetine treatment suppressed the migration of MDA-MB-
231 breast cancer cells (Fig. 5C). The inhibitory effects of 
emetine on the migration of MDA-MB-231 and MDA-MB-
468 cells were further confirmed by Transwell migration 
assays (Fig. 5D and E). Using Matrigel-coated chambers, the 
Transwell assays were repeated to assess the effect of emetine 
on invasion by MDA-MB-231 and MDA-MB-468 cells. 
Treatment with emetine significantly reduced the numbers of 
cells that penetrated the membranes to reach the bottom wells 
compared with the vehicle control (Fig. 5F and G). Collectively, 
these results demonstrated that emetine suppressed the migra-
tory and invasive abilities of breast cancer cells in vitro.

Emetine‑induced reduction of cell viability is abrogated by 
shRNA‑mediated silencing of β‑catenin. To determine the 
effect of emetine on cells in which Wnt/β-catenin signaling 
was already inhibited, lentivirus-mediated shRNAs were used 
to suppress the expression of β-catenin, a central mediator 
of the canonical Wnt/β-catenin signaling pathway. The 
emetine-induced reductions in the viability of MDA-MB-231 
cells (Fig. 6A and B) and MDA-MB-468 cells (Fig. 6C and D) 
were decreased after shRNA-mediated silencing of β-catenin. 
These data indicated that the cytotoxicity of emetine in 
breast cancer cells was mediated at least partly through the 
Wnt/β-catenin signaling pathway.

Emetine blocks the stemness of breast cancer cells. Wnt/β-ca-
tenin signaling plays a crucial role in the survival and 

maintenance of CSCs. A sphere formation assay was performed 
to examine the effect of emetine on the stemness of breast 
cancer cells. The breast cancer Hs578T cells were treated with 
emetine at 50 and 100 nM for 10 days. As revealed in Fig. 7, 
treatment with emetine significantly decreased the number 
and size of tumor spheres. In addition, the mRNA expression 
levels of stemness marker genes (CD133 and Nanog) in breast 
cancer cells were downregulated upon emetine treatment 
(Fig. 4D and E).

Discussion

While the exact molecular mechanisms responsible for the 
effective antitumor activity of emetine remained unclear, 
previous research demonstrated that emetine can induce apop-
tosis through prevention of protein biosynthesis (21), DNA 
interaction (32) and increasing of pro-apoptotic factors (26,33). 
This compound was also reported to reduce activation of 
hypoxia-induced factor-1α (HIF-1α) in breast tumor cells (34). 
The results of the present study revealed that emetine is a novel 
inhibitor of the Wnt signaling pathway. In the present experi-
ments, emetine reduced phosphorylation of LRP6 and DVL2 
and inhibited the expression of Wnt target genes in multiple 
lines of breast cancer cells. Together our results illustrated a 
novel mechanism for the antitumor activity of emetine.

Aberrant activation of the Wnt/β-catenin pathway has 
been implicated in the development of breast cancers (4), and 
primary cells from breast tumors as well as breast cancer 
cell lines were revealed to express several Wnt ligands and 
Fzd receptors (35,36). Previous studies also demonstrated 
that LRP6 expression is upregulated in human breast cancer 
cells (37). Moreover, upregulation of DVL and phosphorylated 
DVL proteins has been revealed in several breast tumor cell 
lines (38,39). In the present study, it was revealed that emetine 
decreased the phosphorylation of LRP6 and DVL2 as well 
as the activation of β-catenin in breast cancer cells, which 
resulted in effective inhibition of Wnt signaling. Notably, 
the inhibitory effect of emetine on viability of breast cancer 
cells were abolished in β-catenin-knockdown cells (Fig. 6). 
Additionally, the effects of emetine on Wnt signaling occurred 
at concentrations comparable to those required for inhibiting 
viability, migration and invasion, and inducing apoptosis in 
breast cancer cells. These results indicated that the antitumor 
activity of emetine was associated with its inhibitory effects 
on the Wnt signaling pathway.

CSCs have been defined as tumor‑initiating cells that play 
critical roles in tumor development, recurrence and treatment 
resistance (40). The Wnt/β-catenin pathway is recognized 
to be important in the regulation of CSC biology (41), and 
thus, blocking the Wnt/β-catenin pathway could potentially 
eliminate CSC populations, resulting in complete cure of a 
cancer. In support of this hypothesis, one study revealed that 
emetine inhibits the stemness of glioblastoma stem cells (27). 
Several Wnt target genes, including Nanog and CD133, have 
been established as CSC markers (42-44). In the present 
study, it was observed that the expression of stemness marker 
genes Nanog and CD133 was reduced in breast cancer cells 
following emetine treatment. Emetine also suppressed the 
sphere formation of breast cancer cells. These results indi-
cated that emetine may have the potential of inhibiting breast 

Figure 2. Emetine suppresses Wnt/β-catenin signaling in 293T cells. After 
transfection of 293T cells with Wnt1 expression vector, the cells were treated 
with emetine at the indicated concentrations for 24 h, and the expression 
levels of phosphorylated LRP6, total LRP6, DVL2, active β-catenin and 
total β-catenin were determined by western blotting. Phosphorylated DVL2 
exhibited slower mobility on SDS/PAGE. Western blots were quantitated by 
densitometry and normalized by the densities of corresponding β-actin band.
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Figure 4. Emetine downregulates Wnt target gene expression in breast cancer cells. MDA-MB-231 and MDA-MB-468 cells were treated with vehicle control 
(DMSO) or emetine at the indicated concentrations for 24 h before quantitative PCR analysis to detect the mRNA expression of (A) fibronectin, (B) Fzd7, 
(C) c-Myc, (D) Nanog and (E) CD133. Data are presented as the mean ± SD from three independent experiments (*P<0.05, **P<0.01).

Figure 3. Emetine inhibits the Wnt/β-catenin signaling pathway in breast cancer cells. (A) MDA-MB-231 and (B) MDA-MB-468 breast cancer cells were 
treated with emetine at the indicated concentrations for 24 h. (A and B) The expression levels of phosphorylated LRP6, total LRP6, DVL2, active β-catenin 
and total β-catenin were analyzed by western blotting. A slower-migrating band (upper band) corresponded to phosphorylated DVL2. Western blots were 
quantitated by densitometry. Each band was presented as corresponding density values normalized to β-actin signal.
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cancer stem cells. Collectively, the results of the present study 
indicated that emetine may be a promising therapeutic agent 
against breast CSCs. However, further research is required 
to fully characterize the inhibitory action of emetine on 
breast CSCs. The CD44+/CD24- breast CSCs will be isolated 
from human breast cancer cell lines and primary breast 
cancer tissues. Emetine effects on breast CSC activity will 
be examined using sphere formation assay. The breast CSC 
xenograft models will be generated by implanting these 
CD44+/CD24- breast CSCs. The effect of emetine on the 
in vivo tumor-seeding ability of breast CSCs will be assessed 
using breast CSC xenograft mice.

In recent years, derivatives of emetine achieved via struc-
tural modifications have also been revealed to have antitumor 
effects in various cancers (45). For example, novel emetine 
dithiocarbamate analogs were synthesized and revealed to 
have anti-tumorigenic activity against prostate cancer cells as 
well as minimal toxicity to normal prostate cells (46). It will be 
interesting to assess whether these novel emetine analogs also 
inhibit the Wnt/β-catenin signaling cascade in future studies.
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Figure 5. Emetine promotes apoptosis and suppresses viability, migration and invasion in breast cancer cells, but not in MCF10A cells. MDA-MB-231, 
MDA-MB-468 and MCF10A cells were treated with vehicle control (DMSO) or emetine at the indicated concentrations for 24 h before evaluation of: (A) cell 
viability using an MTT assay; (B) apoptosis by FACS; (C) migratory ability in a scratch wound assay; (D) migratory ability in a Transwell assay (upper image, 
MDA‑MB‑231 cells; lower image, MDA‑MB‑468 cells), with quantified data presented in (E); and (F) invasive ability in Matrigel‑coated Transwells in the 
absence or presence of the indicated amounts of emetine for 24 h (upper image, MDA‑MB‑231 cells; lower image, MDA‑MB‑468 cells), with the quantified 
data presented in (G). Data were collected from three independent experiments (*P<0.05, **P<0.01). Statistical analysis was conducted using one-way ANOVA 
followed by a Dunnett's t-test (A).
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Figure 7. Emetine suppresses the sphere-forming ability of breast cancer cells. (A) Sphere formation of Hs578T cells cultured in Ultra-Low Attachment 
dishes with or without emetine treatment. Spheres larger than 50 µm in diameter were counted under a microscope. Scale bar, 100 µm. (B) Relative number of 
spheres formed by Hs578T cells treated with control or emetine at the indicated concentrations. Data are presented as the mean ± SD from three independent 
experiments (**P<0.01).

Figure 6. Emetine-induced reduction of cell viability is abrogated by shRNA-mediated silencing of β-catenin. (A) MDA-MB-231 and (C) MDA-MB-468 cells 
were infected with lentivirus containing control shRNA (shC) or shRNAs (shβ-cat#1, shβ-cat#2) targeting β-catenin and then treated with DMSO or emetine at 
the indicated concentration for 24 h, before assessment of (B) MDA-MB-231 and (D) MDA-MB-468 cell viability. Data were collected from three independent 
experiments (*P<0.05, **P<0.01). Statistical analysis was conducted using one-way analysis of variance (ANOVA) followed by a Dunnett's t-test (B and D).
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