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BACKGROUND/OBJECTIVES: In this study, the inhibitory effect of Erythronium japonicum extracts on the metastasis of MDA-MB-231 
human breast cancer cell line was determined. 
MATERIALS/METHODS: Cells were cultured with DMSO or with 50, 75, 100 or 250 μg/ml of Erythronium japonicum methanol 
or ethanol extract. 
RESULTS: Both methanol and ethanol extracts significantly inhibited the growth and induced apoptosis of MDA-MB-231 cells 
in a dose-dependent manner. Erythronium japonicum extracts inhibited the adhesion of MDA-MB-231 cells. The invasion of 
breast cancer cells was suppressed by Erythronium japonicum extracts in a dose-dependent manner. The motility and MMP-2 
and MMP-9 activities were also inhibited by both methanol and ethanol extracts. 
CONCLUSIONS: Our results collectively indicate that Erythronium japonicum extracts inhibit the growth, adhesion, migration 
and invasion as well as induce the apoptosis of human breast cancer cells. Clinical application of Erythronium japonicum as 
a potent chemopreventive agent may be helpful in limiting breast cancer invasion and metastasis.
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INTRODUCTION3)

The basic characteristics of cancer progression include the 
capability to invade the surrounding tissues and metastasize 
to regional and remote sites [1]. To invade the surrounding 
tissues, primary tumor cells must grow progressively in order 
to expand the tumor mass [2]. In most cancers, each of the 
pathways that impel the proliferative response in normal cells 
is disturbed [3]. Another factor that affect the tumor mass is 
apoptosis, a multi-step and multi-pathway cell-death program 
[4]. Every cell in a multicellular organism has the potential to 
die by apoptosis. Defects in the apoptosis can eventually lead 
to the expansion of a population of tumor cells [4]. For tumor 
invasion, detached tumor cells from the primary tumor adhere 
to the surrounding extracellular matrix (ECM). The adhered 
tumor cells produce proteolytic enzymes, which degrade ECM 
proteins. Tumor cells can migrate through proteolytically 
modified ECM and penetrate into the blood or lymph. Apoptosis 
resistance of tumor cells might lead to escape from immune- 
surveillance and consequently, carried to distant sites where 
they attach to the basement membrane. A secondary tumor 
is formed by tumor cell motility and invasion into the new target 

tissue [4-6]. These events occur repeatedly during tumor invasion 
is blocking the adhesiveness, motility and invasiveness which 
are required to prevent cancer progression [6-8].

Erythronium japonicum is a perennial herb belonging to the 
fawn lily family, which inhabits the cool-temperate mesic 
deciduous-forest floor. Erythronium japonicum is distributed in 
Japan, Korea, northeast China, Sakhalin and the Kurile Islands. 
After a long winter with deep snow, buds come into bloom 
immediately after the snow melts [9]. Erythronium japonicum 
has been used for a long time for stomachics, antidiarrheics 
detoxification and nourishment [10]. Fructan, one of the starches 
in the Erythronium japonicum bulb, was reported to have 
anticancer effects [11]. Another research reported that the 
administration of methanol extract prolonged the life of ICR 
mouse with induced abdominal cancer. Further, it increased SOD 
and GPx enzyme activities in L1210 cell death [10]. However, 
little research has been performed on the investigations of its 
pharmacological importance.

Therefore, we examined the anti-metastatic effects of 
Erythronium japonicum and demonstrated the inhibitory effect 
of Erythronium japonicum on the metastasis of MDA-MB-231 
human breast cancer cells.
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MATERIALS AND METHODS

Preparation of the extracts
Whole plants of Erythronium japonicum were collected from 

Jogye Mountain in Sooncheon, Korea; they were then freeze- 
dried and powdered. The methanol or ethanol extracts were 
obtained by macerating the powder with 80% methanol for 2 
days at room temperature; this procedure was repeated twice. 
The respective extract was filtered under reduced pressure and 
freeze-dried. The yields obtained were 38.47% for the methanol 
extract and 43.78% for the ethanol extract.

Cells and culture conditions
Human breast cancer cell line, MDA-MB-231, was purchased 

from the American Type Culture and Collection (Rockville, MD). 
All cells were maintained in Dulbecco’s modified Eagle’s medium 
(DMEM; Gibco, Gaithersburg), supplemented with penicillin 100 
U/ml, streptomycin 100 μg/ml and 10% fetal bovine serum. Cells 
were cultured at 37°C in a humidified incubator with 5% CO2. 
Cultures used in subsequent experiments were at < 20 passages.

Cell proliferation
Cells were seeded in 6-well culture plates at a concentration 

of 6×104/well. A complete medium with DMSO or with 50, 75, 
100 or 250 μg/ml of methanol or ethanol extracts was replaced 
every other day, beginning the day after seeding. Cells 
cultured in a complete medium were harvested with trypsin- 
EDTA on day 5 after treatment, and then counted with hemocy- 
tometer. 

Apoptosis
For the assessments of apoptosis, the MuseTM Annexin V & 

Dead Cell Kit was used. MDA-MB-231 cells were incubated with 
either DMSO or Erythronium japonicum extracts for 24 h. 
Thereafter, the treatment medium was removed and washed 
with PBS, and collected using trypsin-EDTA. The harvested cells 
were centrifuged at 1,400 rpm for 5 m and re-suspended with 
a complete medium. MuseTM Annexin V & Dead Cell reagent 
(100 μl) was added to each of the re-suspended cell and 
incubated for 20 m. At the end of 20 m, the re-suspended cell 
was assayed by a Muse Cell Analyzer.

Cell adhesion 
Twelve well culture plates were coated with 30 μg of Matrigel 

(Becton Dickinson, Bedford, MA) and air-dried in a laminar flow 
fume hood [12]. In order to block the nonspecific binding sites, 
Matrigel coated plates were re-hydrated with serum free DMEM 
containing 0.1% BSA for 90 m at 37°C, and then washed with 
the same medium. MDA-MB-231 cells were trypsinized and 
resuspended in serum free DMEM containing 0.1% BSA. Cells 
were seeded at a concentration of 2×105/ well in the presence 
of DMSO or of 50, 75, 100 or 250 μg/ml of methanol or ethanol 
extract; they were then incubated for 90 m at 37°C and 5% 
CO2. At the end of 90 m, the medium was removed and the 
cells were washed gently twice with PBS. The attached cells 
were harvested, resuspended and counted. Each assay was 
performed in triplicate and repeated in three independent 
experiments. The values were expressed as the average of the 

triplicate experiments.

Invasion 
The ability of cells to migrate across a Matrigel barrier 

(invasion) was determined using modified Boyden chamber [13]. 
In brief, Boyden chambers were assembled using 8 μm Falcon 
transwell inserts (Becton Dikinson, Bedford, MA) as the upper 
chamber and 24-well plates as the lower chamber. Matrigel 
applied insert was re-hydrated with serum free DMEM for 90 
m at 37°C and 5% CO2, and washed with serum free DMEM. 
Cells resuspended in 0.1% BSA DMEM were seeded at a 
concentration of 2×105 cells. DMSO or 50, 75, 100 or 250 μg/ml 
of methanol or ethanol extract was added to the upper 
chamber and fibronectin, a chemoattractant, was added to the 
lower chamber. The Boyden chamber was incubated for 24 h 
at 37°C and 5% CO2. After incubation, the cells in the upper 
chamber were gently removed; then, the cells that transverse 
the Matrigel and attached to the lower surface of the insert 
were fixed with 10% formalin and stained with 0.5% crystal 
violet. The inserts were examined under 20× or 40× phase 
contrast field microscopy and photographed. The values for 
invasion were expressed as the number of migrated cells per 
microscopic field and four fields were counted. Each invasion 
assay was performed in triplicate and repeated in three 
independent experiments. The values were expressed as the 
average of the triplicate experiments.

Cell migration 
Cell migration was assessed using a scratch wound assay [14]. 

Cells were seeded into 6-well culture plates at a concentration 
of 3×105 cells and cultured in 10% FBS DMEM to near con-
fluence. The confluent monolayer was carefully wounded using 
a sterile pipette tip and washed gently with PBS to remove 
cellular debris. The wounded monolayer was incubated in 10% 
FBS DMEM containing 20 μg/ml fibronectin and DMSO or 50, 
75, 100 or 250 μg/ml of methanol or ethanol extract for 24 
h. Migrating cells were examined under 10× by phase contrast 
microscope and photographed.

Gelatin zymography
The activity of MMP-2 and MMP-9 in the conditioned media 

was assayed by gelatin zymography [15]. In brief, MDA-MB-231 
cells were seeded at a concentration of 2×105/well in 6-well 
plates. After treatment with DMSO or 50, 75, 100 or 250 μg/ml 
of methanol or ethanol extracts for 24 h, the supernatant was 
collected and subjected to gel electrophoresis on 10% running 
gels containing 0.1% gelatin. The gels were washed in 2.5% 
Triton X-100 for 30 min, followed by incubation for 20 h at 
37°C in the incubation buffer containing 50 mM Tris-HCl (pH 
7.5), 0.2 M NaCl, 1 mM CaCl2 and 0.2% NaN3. The gels were 
stained for 10 h in 0.5% Coomassie brilliant blue, and then 
destained with a destaining solution (45% methanol and 10% 
acetic acid); finally, they were photographed.

Statistical analysis
Statistics were analyzed using SPSS version 21.0 (Chicago, IL, 

USA). The results were expressed as the mean ± S.D. of the three 
independent experiments. Moreover, the comparisons were 
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Fig. 1. Effects of Erythronium japonicum on the proliferation of MDA-MB-231 
cells. C: Control; M: Methanol extract of Erythronium japonicum; E: Ethanol extract of
Erythronium japonicum. Data are mean ± SD. Means with the same letter are not 
significantly different by Duncan’s multiple range test (P < 0.05). 

Fig. 2. Effects of Erythronium japonicum on the apoptosis of MDA-MB-231 cells. C: Control; M: Methanol extract of Erythronium japonicum; E: Ethanol extract of Erythronium 
japonicum. Data are mean ± SD. Means with the same letter are not significantly different by Duncan’s multiple range test (P < 0.05). 

Fig. 3. Effects of Erythronium japonicum on the adhesion of MDA-MB-231 cells. 
C: Control; M: Methanol extract of Erythronium japonicum; E: Ethanol extract of
Erythronium japonicum. Data are mean ± SD. Means with the same letter are not 
significantly different by Duncan’s multiple range test (P < 0.05). 

based on a one-way ANOVA, followed by Duncan's multiple 
range test. A P-value < 0.05 was considered to be statistically 
significant.

RESULTS

Effect of Erythronium japonicum on the proliferation and 
apoptosis of breast cancer cells

Erythronium japonicum extracts inhibited the growth of 
MDA-MB-231 breast cancer cells. Ethanol extract was more 
potently inhibited the cell growth than methanol extract (Fig. 
1). Extracts at all concentrations, which we treated, inhibited 
cell growth and showed no cytotoxicity. Therefore, in this study, 
we treated methanol and ethanol extracts at the concentrations 
of 50, 75, 100 and 250 μg/ml for further investigation. Erythronium 

japonicum extracts induced the apoptosis of MDA-MB-231 cells 
(Fig. 2). Methanol extract significantly induced apoptosis of 
tumor cells at the concentration of 250 μg/ml, whereas, ethanol 
extract induced apoptosis at the lower concentration, 75 μg/ml.

Effect of Erythronium japonicum on the adhesion of breast cancer 
cells

The attachment of MDA-MB-231 cells to the extracellular 
matrix (ECM) was determined using Matrigel binding assay. 
Erythronium japonicum extracts repressed the attachment of 
MDA-MB-231 cells to the ECM (Fig. 3). At a concentration of 
250 μg/ml, both methanol and ethanol extracts reduced by 21.3 
and 32.5%, respectively, compared to the control.
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Fig. 4. Effects of Erythronium japonicum on the invasion of MDA-MB-231 cells.
C: Control; M: Methanol extract of Erythronium japonicum; E: Ethanol extract of
Erythronium japonicum. Data are mean ± SD. Means with the same letter are not 
significantly different by Duncan’s multiple range test (P < 0.05). 

(μg/mL)

Fig. 5. Effects of Erythronium japonicum on the migration of MDA-MB-231 cells. 
C: Control; M: Methanol extract of Erythronium japonicum; E: Ethanol extract of
Erythronium japonicum. 0 h & 24 h: hours after making wound 

Fig. 6. Effects of Erythronium japonicum on the activities of MMP-2 and MMP-9 
of MDA-MB-231 cells. C: Control; M: Methanol extract of Erythronium japonicum; E: 
Ethanol extract of Erythronium japonicum 

Effect of Erythronium japonicum on the invasion and migration 
of breast cancer cells

The invasion of MDA-MB-231 was determined using a Boyden 
chamber model; both methanol and ethanol extracts dose 
dependently suppressed the invasion of MDA-MB-231cells (Fig. 
4). Furthermore, Erythronium japonicum ethanol extract inhibited 
the invasion of breast cancer cells more potently than the 
methanol extract. We also analyzed the effect of Erythronium 
japonicum on the migration capability of MDA-MB-231 cells by 
a wound healing assay. The MDA-MB-231 cell line was able to 
close the wound completely within 24 h and moreover, 
Erythronium japonicum extracts reduced the rate of the wound 
closure (Fig. 5).

Effect of Erythronium japonicum on MMP-2 and MMP-9 enzyme 
activities

The effect of Erythronium japonicum extract on the gelatinolytic 
MMP-2 and MMP-9 activities was analyzed in MDA-MB-231 
breast cancer cells; both methanol and ethanol extracts had 
an inhibitory effect on the MMP activities (Fig. 6).

DISCUSSION

Malignant tumors are characterized by excessive growth, 
immortalization and metastatic spread [6]. We observed that 
Erythronium japonicum extracts suppressed the excessive 
growth of MDA-MB-231 breast cancer cells without cytotoxicity; 
further, ethanol extract was more potent than methanol extract 
regarding the inhibition of cell growth (Fig. 1). Because progressive 
growth of tumor cells, and thereby expanding tumor mass, are 
crucial for the invasion of surrounding tissues [2], Erythronium 
japonicum extracts might exert to suppress cancer progression 
by inhibiting tumor cell growth. The research revealed that 
Erythronium japonicum contained anthocyanin in the petals [16] 
and flavonoids, such as di-O-n-decyphthalate, kaempferol, 
quercetin, astragalin and isoquercitrin, in the leaves [17]. We 
determined caffeic acid using an HPLC analysis of ethanol 
extract (data not shown) and this phenolic compound might 
contribute to the inhibition of tumor cell growth. Caffeic acid 
and polymeric caffeic acids have been shown to suppress the 
proliferation of various types of cancer cells and induce 
apoptotic pathways [18-21]. We also observed the proapoptotic 
effect of Erythronium japonicum extracts (Fig. 2). Many physiolo-
gical growth-regulate mechanisms that control cell proliferation 
and tissue homeostasis are linked to apoptosis [4]. Therefore, 
sensitizing tumor cells to apoptosis is one of the strategies of 
tumor therapy. Deregulated cell proliferation and suppressed 
cell death together provide the underlying basis for cancer 
progression [3]. Our results revealed that Erythronium japonicum 
extracts might suppress the progression of breast cancer by 
inhibiting proliferation and inducing apoptosis of tumor cells. 

The attachment of tumor cells to ECM is the initial invasive 
action of metastatic cells, which is necessary for cell motility 
and invasion [22,23]. Erythronium japonicum extracts suppressed 
the attachment of MDA-MB-231 cells to the ECM (Fig. 3). The 
next step of metastasis involves local invasion and migration 
through stromal tissues by degrading the ECM [5,6]. In the 
present study, both methanol and ethanol extracts dose depen-
dently suppressed the invasion of MDA-MB-231cells (Fig. 4). 
Furthermore, Erythronium japonicum ethanol extract more 
potently inhibited the invasion of breast cancer cells than the 
methanol extract. Cell migration was also inhibited by Erythronium 
japonicum extracts (Fig. 5). Cell motility is crucial for cancer cell 
invasion and metastasis [24,25]. A previous study reported that 
antiproliferative and proapoptotic properties can contribute to 
the inhibitory effect on migration and invasion [26]. In the 
present study, Erythronium japonicum extracts demonstrated 
antiproliferative and proapoptotic properties. In fact, the ethanol 
extract of Erythronium japonicum showed more antiproliferative 
and proapoptotic properties as well as also more effectively 
inhibited the invasion of MDA-MB-231 cells.

Matrix metalloproteinases (MMPs) produced by the adhered 
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tumor cells are crucial for degrading and modifying the ECM 
component [27,28]. MMPs have been known to promote tumor 
cellular invasion in vitro and in vivo [27]. We analyzed the effect 
of Erythronium japonicum extract on the MMP activities; both 
methanol and ethanol extracts inhibited MMP activities (Fig. 6). 
The previous researches demonstrated that MMP-2 and -9 
(gelatinase A and B) are connected to tumor growth, invasion 
and metastasis by their capacities for tissue remodeling and 
angiogenesis induction [19,27,28]. Contrary to our expectation, 
the difference of MMP activity between ethanol and methanol 
extracts were not very obvious, even though the ethanol extract 
more potently inhibited tumor cell growth, adhesion and 
invasion compared to the methanol extract. Therefore, other 
factors, which can affect cell motility, need to be investigated 
in order to account for the discordance between the effect of 
Erythronium japonicum extracts on cell proliferation to apoptosis 
ratio, invasion and MMP activities.

Our study clearly identified that Erythronium japonicum 
extracts inhibited MDA-MB-231 cell metastasis by altering the 
proliferation to the apoptosis ratio and the suppression of 
adhesion, migration and invasion; further, the ethanol extract 
was much potent than the methanol extract. Further study 
would be necessary to determine the possible mechanisms of 
Erythronium japonicum. 
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