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ABSTRACT

Antcin-A (ATA) is a steroid-like phytochemical isolated from

the fruiting bodies of a precious edible mushroom Antrodia

cinnamomea. We previously showed that ATA has strong

anti-inflammatory and anti-tumor effects; however, other

possible bioactivities of this unique compound remain unex-

plored. In the present study, we aimed to investigate the

modulation of epithelial-to-mesenchymal transition (EMT),

anti-migration, and anti-invasive potential of ATA against hu-

man breast cancer cells in vitro. Human breast cancer cell

lines, MCF-7 and MDA‑MB‑231, were incubated with ATA for

24 h. Wound healing, trans-well invasion, western blot, q-

PCR, F-actin staining, and immunofluorescence assays were

performed. We found that treatment with ATA significantly

blocked EMT processes, as evidenced by upregulation of epi-

thelial markers (E-cadherin and occludin) and downregulation

of mesenchymal markers (N-cadherin and vimentin) via sup-

pression of their transcriptional repressor ZEB1. Next, we

found that ATA could induce miR-200c, which is a known

player of ZEB1 repression. Further investigations revealed that

ATA-mediated induction of miR-200c is associated with tran-

scriptional activation of p53, as confirmed by the fact that

ATA failed to induce miR-200c or suppress ZEB1 activity in

p53 inhibited cells. Further in vitro wound healing and trans-

well invasion assays support that ATA could inhibit migratory

and invasive potentials of breast cancer cells, and the effect

was likely associated with induced phenotypic modulation.

Taken together, the present study suggests that antcin-A

could be a lead phyto-agent for the development of anti-

metastatic drug for breast cancer treatment.

Antcin-A Modulates Epithelial-to-Mesenchymal Transition
and Inhibits Migratory and Invasive Potentials of Human
Breast Cancer Cells via p53-Mediated miR-200c Activation
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Introduction
Metastatic breast cancer is one of the most common malignan-
cies diagnosed in women worldwide and ranks as the second
most-common cancer-related death, surpassing lung cancer. In
2018, 2 million women were diagnosed with breast cancer and
622000 died of breast cancer. It was predicted that by 2030,
more than 2.6 million women will be diagnosed and 817000 will
die from this disease globally [1]. According to the American Can-
cer Society, the 5-y relative survival rate of metastasized breast
cancer remains very poor (20–27%) [2] and the incidence and
Kumar KJS et al. Antcin-A Modulates Epithelial-to-Mesenchymal… Planta Med 2019; 85: 755–76
mortality rates are climbing every year in some parts of the world,
especially the low- and middle-income countries [3]. Several se-
quential steps are involved in metastasis of tumor cells, including
EMT, reduction of cell-cell adhesion, alteration in the extracellular
matrix, invasion, evasion, and MET [4]. Among them, EMT is rec-
ognized as the first step and is associated with disruption of intra-
cellular tight junctions and loss of cell-cell adhesion, resulting in
loss of epithelial features and gain of mesenchymal morphology.
In particular, loss of epithelial adherent junction proteins such as
E-cadherin, occludin, ZO-1, cytokeratin, and entatin with a con-
7555



ABBREVIATIONS

ATA antcin-A

ELISA enzyme-linked immunosorbent assay

EMT epithelial-to-mesenchymal transition

F-actin filamentous actin

FITC fluorescein isothiocyanate

GAPDH glyceraldehyde 3-phosphate dehydrogenase

HBCCs human breast cancer cells

MCF-7TGF MCF-7 cells stimulated with TGF-β1
MEM minimum essential medium

MET mesenchymal-to-epithelial transition

miRNA micro RNA

PVDF polyvinylidene difluoride

q-PCR quantitative PCR

RIPA radioimmunoprecipitation assay

RPMI Roswell Park Memorial Institute

TAM tamoxifen

TGF-β1 transforming growth factor beta 1

ZEB1 zinc finger E‑box binding homeobox 1

ZO-1 zonula occludens-1

▶ Fig. 1 Chemical structure and cytotoxic effects of ATA. A Chem-
ical structure of ATA. IUPAC name: (6R)-2-methyl-3-methylidene-6-
[(4S,5S,10S,13R,14R,17R)-4,10,13-trimethyl-3,11-dioxo-2,4,5,6,7,
12,14,15,16,17-decahydro-1H-cyclopenta[a]phenanthren-17-yl]
heptanoic acid; molecular formula: C29H42O4; molecular weight:
454.651. B MCF-7 and MDA‑MB‑231 cells were incubated with in-
creasing concentrations of ATA (1–10 µM) for 24 h. Cell viability was
determined by MTT colorimetric assay. The percentage of cell via-
bility was calculated by the absorption of control cells (0.1% DMSO)
as 100%. The data are reported as mean ± SD of 3 independent ex-
periments.
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comitant gain in mesenchymal markers, including N-cadherin,
vimentin, fibronectin, α-SMA, and β-catenin is evident [5].

miRNAs are small, noncoding RNAs that play a functional role
in the regulation of gene expression at the post-transcriptional
level. They have been implicated in tumorigenesis and cancer pro-
gression, including cancer cell proliferation, metastasis, cancer
stem cell differentiation, and other biological functions [6].
Although, the role of miRNAs in tumorigenesis is well established,
only recently have reports elucidated miRNAs as promoters or
suppressors of metastasis [7]. Recent studies have revealed that
members of the miRNA-200 family such as miR-200a, miR-200b,
miR-200c, miR-141, and miR-429 have been shown to regulate
EMT through directly targeting transcriptional repressors of E-
cadherin, ZEB-1, and ZEB-2 in various cancers [8], including breast
cancer [9]. A large number of phytochemicals have been studied
and are potent miRNA regulatory agents against breast cancer,
whereas several phytochemicals have yet to be tested against
metastatic breast cancers [10].

Antrodia cinnamomea (Fomitopsidaceae) is a widely used me-
dicinal mushroom in Taiwan that has long been used as a health-
promoting remedy by the indigenous people [11]. In traditional
Chinese medicine, A. cinnamomea is used as a folk remedy to treat
various human illnesses, including liver disease, drug and food in-
toxication, diarrhea, abdominal pain, hypertension, and itchy skin
[12]. Mounting scientific evidence confirming its various pharma-
cological activities, including anti-cancer, immunomodulatory,
anti-inflammation, anti-oxidant, anti-mutagenic, anti-microbial,
anti-diabetic, anti-aging, hepatoprotective, and neuroprotective
effects [12–15]. The multiple pharmacological activities of
A. cinnamomea are thought to be the result of a reservoir of sev-
eral bioactive compounds that include terpenoids, polysaccha-
rides, benzenoids, benzoquinone derivatives, succinic and maleic
derivatives, lignans, nucleic acids, and steroids [13,15].
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We previously reported that ATA (▶ Fig. 1A), a steroid-like
phytochemical isolated from the fruiting bodies of A. cinnamomea,
inhibits inflammation in lung cells via mimicking as a glucocorti-
coid receptor agonist [16]; however, other bioactivities of this
unique compounds were poorly examined. In the present study,
we investigated the anti-metastatic potential of ATA against a
TGF-β1-induced estrogen receptor-positive human breast epithe-
lial cancer cell line (MCF-7) and a triple-negative HBCC line
(MDA‑MB‑231), and the molecular mechanisms were revealed.
Results
Prior to anti-metastatic investigation, the cytotoxic effect of ATA
on HBCCs was determined. MTT colorimetric assay exhibit that
the cell viability was unaffected by ATA up to a concentration of
10 µM for 24 h treatment in both MCF-7 (p = 0.067) and
MDA‑MB‑231 (p = 0.052) cells (▶ Fig. 1B). Next, we investigated
the EMT regulatory effects of ATA in MCF-7 and MDA‑MB‑231
cells. We previously reported that exposure of MCF-7 cells to
TGF-β1 reduced cell-cell interactions and modified them to exhib-
it a mesenchymal-like phenotype, a characteristic feature of EMT
[17]. Hence, the TGF-β-induced MCF-7 cells were referred as MCF-
7TGF. To determine whether ATA could modulate cell scattering,
r KJS et al. Antcin-A Modulates Epithelial-to-Mesenchymal… Planta Med 2019; 85: 755–765



▶ Fig. 2 ATA blocked EMT in HBCCs. MCF-7 cells were pre-treated with ATA (10 µM) or TAM (5 µM) for 2 h prior to stimulation with TGF-β1 (20 ng/
mL) for 28 h. In parallel, MDA‑MB‑231 cells were incubated with ATA (10 µM) or TAM (5 µM) for 24 h. A Morphological changes were examined by
phase-contrast microscope. B Cytoskeleton remodeling was determined by F-actin expression in FITC-conjugated phalloidin stained cells. C and
D mRNA expression levels of epithelial and mesenchymal marker genes, E-cadherin, and vimentin were quantified by q-PCR analysis. E Protein
expression levels of epithelial and mesenchymal markers including E-cadherin, occludin, ZO-1, N-cadherin, and vimentin were determined by
western blot analysis. GAPDH was used as an internal loading control. F Cells were incubated with increasing concentrations of ATA (5, 10, and
20 µM). Total protein extracts were prepared. The effect of ATA on protein expression levels of epithelial and mesenchymal markers was determined
in a dose-dependent manner. MCF-7TGF represents MCF-7 cells were induced by TGF-β1 (10 ng/mL). Values represent the mean ± SD of 3 indepen-
dent experiments. Statistical significance ***p < 0.001 and **p < 0.01 compared to control vs. sample treatment groups.
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MCF-7 cells were treated with either ATA (10 µM) or the known
anti-metastatic drug TAM (5 µM) [18] for 24 h. The TGF-β1-stimu-
lated cells displayed a fibroblast-like mesenchymal appearance,
whereas co-treatment with ATA or TAM significantly blocked the
TGF-β1-induced phenotypic changes in MCF-7 cells (▶ Fig. 2A).
Next, we examined whether ATA had an effect on the highly meta-
static cell line MDA‑MB‑231. Interestingly, we found that treat-
ment with ATA or TAM modulated the phenotypic changes in
MDA‑MB‑231 cells from a mesenchymal-like morphology to an
epithelial-like morphology (▶ Fig. 2A). To further clarify the phe-
notypic modulations by ATA, cytoskeleton remodeling was exam-
ined by F-actin using fluorescence-based phallotoxin assay. As
shown in ▶ Fig. 2B, MCF-7TGF and control MDA‑MB‑231 cells ex-
pressed strong and polarized F-action, whereas reduced F-actin
Kumar KJS et al. Antcin-A Modulates Epithelial-to-Mesenchymal… Planta Med 2019; 85: 755–76
was observed in ATA-treated cells (▶ Fig. 2B). These data strongly
support the notion that ATA modulates phenotypic transition in
HBCCs.

To further clarify whether the ATA-mediated phenotypic
changes in MCF-7TGF or MDA‑MB‑231 cells resulted from dysregu-
lation of EMT regulatory genes, we examined the mRNA expres-
sion levels of epithelial marker E-cadherin and mesenchymal
marker vimentin in MCF-7TGF and MDA‑MB‑231 cells. q-PCR analy-
sis showed that treatment with ATA significantly increased E-cad-
herin expression in MCF-7TGF and MDA‑MB‑231 cells (▶ Fig. 2C),
whereas the mesenchymal marker vimentin was significantly in-
hibited by ATA in both cell lines (▶ Fig. 2D). A similar effect was
also observed in cells treated with TAM in a same course of time.
Next, we examined the effect of ATA on EMT regulatory genes at
7575



▶ Fig. 3 ATA inhibits ZEB-1 via induction of miR-200c. A The effect of ATA on the miRNA-200 family genes including miR-200a, miR-200b, and
miR-200c was examined in HBCCs. MCF-7TGF and MDA‑MB‑231 cells were incubated with ATA (10 µM) or TAM (5 µM) for 24 h. Total RNA was pre-
pared and q-PCR analysis was performed with corresponding primers. B The dose-dependent effect of ATA on miR-200c mRNA expression level in
MCF-7TGF and MDA‑MB‑231 cells was determined by q-PCR analysis. C Target prediction was performed using TargetScan, miRANDA, and PicTAR
algorithms. D Protein expression levels of ZEB-1, snail, and slug were determined by western blot analysis. E The mRNA level of ZEB-1 was quan-
tified by q-PCR analysis. F Cellular localization of ZEB-1 was determined by immunofluorescence analysis. G The nuclear translocation of ZEB-1 was
examined by immunoblotting with cytoplasmic and nuclear fractions. Values represent the mean ± SD of 3 independent experiments. Statistical
significance ***p < 0.001, **p < 0.01, and *p < 0.05 compared to control vs. sample treatment groups. NS: not statistically significant.
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the translational level. ▶ Fig. 2E shows treatment with ATA signif-
icantly upregulated the protein levels of E-cadherin and occludin
and downregulated ZO-1, N-cadherin, and vimentin levels in
MCF-7TGF and MDA‑MB‑231 cells. A similar regulatory effect of
ATA was also observed in a dose-dependent manner (▶ Fig. 2F).
Consistent with the morphological observation, the present data
758 Kuma
confirms that ATA regulates EMT/MET via dis-regulation of epithe-
lial and mesenchymal markers in HBCCs.

As shown in ▶ Fig. 3A, treatment with ATA significantly upre-
gulated miR-200c in MCF-7TGF and MDA‑MB‑231 cells. This effect
was also observed in a dose-dependent manner (▶ Fig. 3B). Next,
in order to determine the downstream target genes of miR-200c,
3 target prediction algorithms (miRanda, TargetScan, and picTAR)
r KJS et al. Antcin-A Modulates Epithelial-to-Mesenchymal… Planta Med 2019; 85: 755–765



▶ Fig. 4 ATA inhibits ZEB-1 through the activation of p53. MCF-7TGF and MDA‑MB‑231 cells were incubated with ATA (10 µM) or TAM (5 µM) for
24 h. A Protein expression levels of p53 were determined by western blot analysis. B The transcriptional activity of p53 was measured by luciferase
reporter assay. C The mRNA expression levels of p53 were quantified by q-PCR analysis. D To determine the involvement of p53 in ATA-mediated
ZEB-1 inhibition, cells were pretreated with pifithrin-α (30 µM), a pharmacological inhibitor of p53, and then incubated with ATA (10 µM) or TAM
(5 µM) for 24 h. The mRNA expression level of ZEB-1 was quantified by q-PCR. E The protein expression levels of ZEB-1 and p53 under pifithrin-α
treatment were determined by western blot analysis. Values represent the mean ± SD of 3 independent experiments. Statistical significance
***p < 0.001, **p < 0.01, and *p < 0.05 compared to control vs. sample treatment groups. #p < 0.001 compared to control vs. pifithrin-α treatment
group. NS: not statistically significant.
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were applied. All 3 algorithms suggested that miR-200c could
potentially target ZEB1 (▶ Fig. 3C), an important factor in breast
cancer metastasis and a potential target for breast cancer therapy.
As ZEB1 was a target gene of miR-200c, we then measured the ef-
fect of ATA on ZEB1 at transcriptional and translational levels.
Treatment with ATA significantly decreased ZEB1 protein
(▶ Fig. 3D) and mRNA (▶ Fig. 3E) expression levels in HBCCs. In
addition, ATA significantly decreased other E‑box-binding factors
such as snail and slug in HBCCs (▶ Fig. 3D). Next, to determine
the effects of ATA on ZEB1 transcriptional activity, the nuclear ex-
port was determined by immunofluorescence analysis. As shown
in ▶ Fig. 3F, in control cells, a predominant level of ZEB1 was
noted in the nucleus, whereas treatment with ATA significantly
decreased ZEB1 level in the nucleus. Further confirmation with
Kumar KJS et al. Antcin-A Modulates Epithelial-to-Mesenchymal… Planta Med 2019; 85: 755–76
western blot analysis showed a similar result (i.e., treatment with
ATA significantly inhibited ZEB1 levels in the cytoplasm and the
nucleus (▶ Fig. 3G), which is directly associated with downregula-
tion of ZEB1 mRNA by ATA).

The tumor suppressor gene product p53 has a role in EMT
modulation through transcriptional activation of miR-200c [19].
Therefore, we hypothesize that ATA-mediated upregulation of
miR-200c may be associated with activation of p53. As we ex-
pected, the luciferase reporter assay revealed that treatment with
ATA significantly increased the transcriptional activity of p53 in
both MCF-7TGF and MDA‑MB‑231 cells (▶ Fig. 4A). This effect was
further clarified by immunoblotting that ATA significantly in-
creased p53 protein level in both cell lines (▶ Fig. 4B). This effect
was further extended to the transcriptional level as ATA signifi-
7595



▶ Fig. 5 ATA inhibits breast cancer cell migration and invasion in vitro. A The effect of ATA on HBCC migration was determined by wound healing
assay. MCF-7TGF and MDA‑MB‑231 cells were seeded into a 24-well culture plate with a silicon cell-free gap insert. After monolayer formation, the
insert was removed and washed with PBS, and then the cells were treated with ATA (10 µM) or TAM (5 µM) for 24 h. The migrated cells were pho-
tographed (100× magnification) and the closure of the wounded area was calculated. The percentage of the wound closure area is presented as a
histogram. B The effect of ATA on breast cancer invasion was determined by trans-well assay. ATA (10 µM) or TAM (5 µM) pre-treated cells were
seeded into the upper chamber of a 24-well trans-well chamber containing DMEM with 1% FBS. The lower chamber was filled with complete serum
media. The cells were allowed to invade for 24 h. Invading cells were then fixed and stained with Giemsa stain solution and counted in 5 random
fields. The percentage of invasion is presented in histogram blot. C To determine the involvement of p53 in ATA-mediated inhibition of migration,
cells were pretreated with pifithrin-α (30 µM) for 2 h and then incubated with ATA (10 µM) or TAM (5 µM) for 24 h. A wound healing assay was
performed to determine the anti-migratory potential of ATA in p53 suppressed cells. D The mRNA expression levels of MMP-2 and MMP-9 in p53
suppressed cells were quantified by q-PCR. Values represent the mean ± SD of 3 independent experiments. Statistical significance ***p < 0.001 and
**p < 0.01 compared to control vs. sample treatment groups.
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cantly increased p53 mRNA level in HBCCs (▶ Fig. 4C). To further
define whether ATA-mediated inhibition of ZEB1 were through
p53 activation, the expression level of ZEB1 was determined after
treatment with ATA in the presence of pharmacological inhibitor
of p53 (pifithrin-α, 30 µM). We found that ATA failed to inhibit
ZEB1 mRNA (▶ Fig. 4D) and protein (▶ Fig. 4E) levels in the pres-
ence of p53 inhibitor. These inhibition experiments thus indicated
that ATA-mediated upregulation of miR-200c and the following
ZEB1 inhibition were through activation of p53.

In order to examine the effects of ATA on the motility of
HBCCs, in vitro wound healing assay was performed. The effect of
ATA on wound closure after 24 h was compared with control
group, which was set up as 100%. As shown in ▶ Fig. 5A, MCF-
7TGF and MDA‑MB‑231 cells displayed aggressive motility as indi-
cated by the area of wound closure, whereas treatment with ATA
significantly reduced such capability. Histogram plot shows that
treatment with ATA significantly reduced wound closure to
36.75 ± 3.6% and 16.03 ± 2.04% in MCF-7TGF and MDA‑MB‑231
cells, respectively. Next, a trans-well invasion assay was performed
760 Kuma
to determine whether ATA could modulate the invasive capability
of HBCCs. In agreement with the wound healing assay, treatment
with ATA significantly suppressed the invasive potential of both
MCF-7TGF and MDA‑MB‑231 cells. Briefly, treatment with ATA sig-
nificantly reduced the invasiveness of HBCCs to 4.41 ± 1.68% and
15.67 ± 5.11% in MCF-7TGF and MDA‑MB‑231 cells, respectively
(▶ Fig. 5B). We further examined whether ATA-induced p53 is in-
volved in inhibition of breast cancer cell migration; cells were pre-
treated with pifithrin-α and then exposed to ATA for 24 h. As we
expected, ATA failed to inhibit migration in pifithrin-α pre-treated
cells (▶ Fig. 5C), which was further supported by unaltered ex-
pression levels of MMP-2 and MMP-9 in both cell lines (▶ Fig. 5D).
These data suggest that ATA possess cell migration- and invasion-
suppressing capabilities in HBCCs. This is consistent with the EMT
regulatory effects of ATA.
r KJS et al. Antcin-A Modulates Epithelial-to-Mesenchymal… Planta Med 2019; 85: 755–765
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Discussion
Accumulating scientific studies suggest that A. cinnamomea pos-
sesses various pharmacological properties, including anti-cancer
effects, that go beyond its original usage. Among them, the anti-
metastatic properties of A. cinnamomea are of particular interest.
Recent studies have demonstrated that crude extracts or pure
compounds have the ability of inhibit cancer cell metastasis via
modulation of the EMT process [17,20–22]. The anti-cancer prop-
erties of A. cinnamomea have been attributed to its unique com-
position of phytochemicals such as antroquinonols, antcins, and
antrodins [12–15,23,24]. Among them, the antcins (ATA, ant-
cin-B, antcin-C, antcin-D, antcin-E, antcin-F, antcin-G, antcin-H,
antcin-I, antcin-K, and antcin M) are steroid-like compounds that
exert various biological activities including, anti-inflammation
[16,25], hepatoprotection [26–28], anti-aging [29], anti-cancer
[30–33], and anti-metastasis [34]. We have previously reported
that ATA isolated from the fruiting bodies of A. cinnamomea inhib-
its inflammation in lung cells via mimicking a glucocorticoid re-
ceptor agonist, and this effect was highly comparable with syn-
thetic steroids, such as cortisone and dexamethasone [16]. Re-
cently we found that ATA inhibits proliferation and cancer stem
cell-like phenotype of HBCCs via glucocorticoid-receptor-mediat-
ed induction of miR-708 in vitro. Treatment with ATA (10mg/kg
b.w.) twice a week for 10 wk significantly reduced tumor growth
in HBCC xenograft mice. This study also concludes that adminis-
tration of ATA up to a dose of 10mg/kg was not a lethal dose for
experimental mice, as indicated by no visible adverse effects or
death, whereas less than 10% of body weight loss was observed
in the ATA treatment group [35]. In addition, a previous study
has shown that antcin-K, isolated from the fruiting bodies of bass-
wood-cultivated A. cinnamomea, inhibits human hepatoma cell
metastasis via suppression of integrin-mediated adhesion, migra-
tion, and invasion [34]. Another study demonstrated that antcin-
H from cultivated fruiting bodies of A. cinnamomea inhibits renal
cancer cell invasion through inactivation of the FAK‑ERK‑C/EBP-β/
c-Fos-MMP‑7 pathways [31]. In the present study, we found that
ATA inhibits metastasis of HBCCs.

Since the MCF-7 cell line represents epithelial morphology,
upon stimulation with growth factors such as TGF-β1, the cells
rapidly undergo phenotypic changes to a fibroblast or mesenchy-
mal-like morphology, and such changes have been suggested to
increase the aggressive ability of tumor cell metastasis [36]. Here,
we found that TGF-β1-induced morphological changes in MCF-7
cells were significantly prevented by ATA, which is concomitant
with our previous study that found in antrodin C, a maleimide de-
rivative isolated from A. cinnamomea, inhibits TGF-β1-induced
phenotypic changes in MCF-7 cells [17]. In addition, treatment
with ATA induces MDA‑MB‑231 cells to change from a mesenchy-
mal-like morphology to epithelial-like morphology. During the
EMT processes, the epithelial marker proteins such as E-cadherin,
occludin, cytokeratin, desmoplakin, entatin, and mucin-1 were
downregulated, and the mesenchymal marker proteins including
N-cadherin, vimentin, fibronectin, α-SMA, and β-catenin were up-
regulated [5]. Here, we found that ATA significantly upregulated
E-cadherin and occludin and downregulated N-cadherin, ZO-1,
and vimentin levels in MCF-7TGF and MDA‑MB‑231 cells at both
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the protein and mRNA levels. These data provide strong evidence
that ATA can modulate EMT processes in HBCCs.

Extensive studies have shown that phytochemicals may exert
therapeutic effects by regulating miRNA expression [37]. Recent
studies have shown that induction of miR-200c modulates EMT
process in human breast and lung cancer cells [38, 39]. In the
present study, we also found that miR-200c was significantly up-
regulated by ATA, which is correlated with reversed EMT pro-
cesses. The miRNA-200 family has been shown to modulate EMT
processes through directly targeting transcriptional repressors of
E-cadherin, ZEB-1, and ZEB-2 in HBCCs [9]. We found that treat-
ment with ATA significantly inhibited the transcriptional activity
of ZEB-1 by blocking its nuclear export, as well as protein and
mRNA expression in HBCCs. p53, a tumor suppressor gene prod-
uct, has demonstrated its functional role in regulating EMT and
EMT-associated stem cell-like properties via transcriptional activa-
tion of miR-200c [40]. Loss of p53 in breast cancer cells leads to
decreased expression of miR-200c and activates the EMT pro-
cesses and cancer stem cell-like phenotype [19,41]. Here, we
found that treatment with ATA significantly upregulates p53
activities in MCF-7TGF and MDA‑MB‑231 cells, whereas pharmaco-
logical inhibition of p53 reduced ATA-medicated suppression of
ZEB-1.

As tumor cell invasion and migration are also crucial steps in-
volved in distant metastasis. Results of in vitro wound healing as-
say and trans-well invasion assay exhibited that ATA could reduce
the migration and invasion abilities of HBCCs. Further studies re-
vealed that ATA-mediated inhibition of migration and invasion is
associated with downregulation of MMPs, including MMP-2 and
MMP-9. In addition, ATA failed to inhibit migration and invasion
of HBCCs under p53 knock-down. Our results were consistent
with previous reports that induction of p53 downregulates MMPs
activity and inhibits tumor cell invasion [42].

The EMT modulation, anti-migration, and anti-invasive poten-
tials of ATA were highly comparable with known anti-metastatic
drug TAM. TAM has been reported to modulate EMT processes in
triple-negative breast cancer cells by methylating miR-200c [38].
Despite the beneficial effects, TAM use is often linked to adverse
side effects, including increased tumor or bone pain, uterine en-
dometrial cancer, and nonalcoholic fatty liver diseases [43]. We
previously reported that ATA possessed anti-inflammation and
anti-tumor effects [16, 35] and other related antcins, such as ant-
cin-B, -C, -H, and -K exhibited hepatoprotective effects [26,27,
44,45]. Presumably, ATA could not produce such side effects.
However, further toxicological assessments are highly warranted
to support this notion.

Taken together, our data suggest that ATA may produce its
anti-migration and anti-invasive effects by regulating the EMT
process through the modulation of EMT regulatory proteins, in-
cluding E-cadherin, occludin, N-cadherin, and vimentin via tran-
scriptional inactivation of ZEB-1. This effect was strongly associ-
ated with p53-mediated miR-200c activation. In addition, ATA
blocked tumor cell invasion and migration potential of HBCCs via
p53-mediated inhibition of MMPs. These lines of evidence suggest
that ATA could be a promising candidate for the development of
chemotherapeutic/chemo-preventive agents for the treatment of
7615



▶ Table 1 List of primers used in this study.

qRT‑PCR primer sequences

Forward Reverse

miR-200a 5 ′ - GCCGTCTAACACTGTCTGGTA ‑ 3 ′ 5 ′ - CCTACGCCACAAT TAACAAGCC ‑ 3 ′

miR-200b 5 ′ - GCG GCT AAT ACT GCC TGG TAA - 3 ′ 5 ′ - GTG CAG GGT CCG AGG T - 3 ′

miR-200c 5 ′ - CCAACGTAATACTGCCGGGT ‑ 3 ′ 5 ′ - CTGCTGGCGAAT TAGTAGACCA ‑ 3 ′

E-cadherin 5 ′ - TGCTCACAT T TCCCAACTC ‑ 3 ′ 5 ′ - TCTGTCACCT TCAGCCATC ‑ 3 ′

Vimentin 5 ′ - CCAGGCAAAGCAGGAGGTC ‑ 3 ′ 5 ′ - GGGTATCAACCAGAGGGAGT ‑ 3 ′

MMP-2 5 ′ - CTCATCGCAGATGCCTGGAA ‑ 3 ′ 5 ′ - T TCAGGTAATAGGCACCCT TGAAGA ‑ 3 ′

MMP-9 5 ′ - ACGCACGACGTCT TCCAGTA ‑ 3 ′ 5 ′ - CCACCTGGT TCAACTCACTCC ‑ 3 ′

ZEB-1 5 ′ - GCACAACCAAGTGCAGAAGA ‑ 3 ′ 5 ′ - CAT T TGCAGAT TGAGGCTGA ‑ 3 ′

p53 5 ′ - CCGCAGTCAGATCCTAGCG ‑ 3 ′ 5 ′ - AATCATCCAT TGCT TGGGACG ‑ 3 ′

GAPDH 5 ′ - TCCTGGTATGACAACGAAT ‑ 3 ′ 5 ′ - GGTCTCTCTCT TCCTCT TG ‑ 3 ′
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human breast cancers. However, further experimental studies are
needed to explore its efficacy in in vivo models.
Materials and Methods

Chemicals and reagents

ATA was isolated from the fruiting bodies of A. cinnamomea, as de-
scribed previously [16]. Briefly, the oven-dried fruiting bodies of
A. cinnamomea (50 g) were extracted with MeOH at room temper-
ature for 7 consecutive days. The companied extracts were evapo-
rated under reduced pressure. The brown sediment was re-sus-
pended in H2O and then extracted with EtOAc and n-BuOH se-
quentially. The EtOAc fraction was subjected to silica gel chroma-
tography using gradient mixture of n-hexane and EtOAc as eluent.
It produced 10 fractions. Fraction 5 (n-hexane and EtOAc with a
ratio of 8 :2) was further purified by silica gen column and eluted
with CH2Cl2-EtOAc, which produced 6 subfractions (5A‑5F). Sub-
fraction 5C was subjected to semi-preparative HPLC and eluted
with CH2Cl2-acetone (40 :1) to yield ATA (5.1 g). The purity of
ATA was above 99% according to HPLC and 1H‑NMR analyses.
MEM and RPMI medium, FBS, sodium pyruvate, penicillin, and
streptomycin were obtained from Invitrogen. TAM (purity
> 99%), MTT, DAPI, and pifithrin-αwere purchased from Sigma-Al-
drich. TGF-β1 was bought from R&D Systems. Antibodies against
E-cadherin, GAPGH, N-cadherin, occludin, p53, slug, snail, vimen-
tin, ZEB-1, and ZO-1 were obtained from Cell Signaling Technol-
ogy Inc. All other chemicals were reagent-grade or HPLC grade
and supplied by either Merck or Sigma-Aldrich.

Cell culture and sample treatment

The HBCC lines MCF-7 and MDA‑MB‑231 were obtained from the
Bioresource Collection and Research Center. MCF-7 and
MDA‑MB‑231 cells were grown in MEM and RPMI medium, respec-
tively. Both mediums were supplemented with 10% FBS, 1.5 g/L
sodium bicarbonate, and 100 U/L penicillin and streptomycin at
37 °C in a humidified atmosphere of 5% CO2. Cells were treated
with ATA (10 µM) or TAM (5 µM) for 24 h, and 0.1% DMSO was
used as a vehicle control. MCF-7 cells were stimulated with
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10 ng/mL of TGF-β1 and the TGF-β1 stimulated MCF-7 cells were
represented as MCF-7TGF.

Cell viability assay

Cell viability was determined by MTT colorimetric assay as de-
scribed previously [17]. Briefly, MCF-7 and MDA‑MB‑231 cells
were seeded in a 96-well plates at a density of 1 × 104 cells/well
for 24 h. Cells were then treated with various concentrations of
ATA (1, 5, and 10 µM) for 24 h. After incubation, the medium-de-
prived cells were incubated with 0.5mg/mL 0 f MTT in 200 µL of
fresh medium for 2 h at 37 °C. The MTT-generated formazan crys-
tals were dissolved in DMSO and the absorbance was measured at
570 nm (A570) using an ELISA microplate reader (µQuant, Bio-Tek
Instruments). The percentage of cell viability was calculated as:
(A570 of treated cells/A570 of untreated cells) × 100.

Phase contrast microscopy

The phenotypic changes of HBCCs were determined by phase
contrast microscopy MCF-7TGF and MDA‑MB‑231 cells were incu-
bated with either ATA (10 µM) or TAM (5 µM) for 24 h. The mor-
phological changes were visualized by phase contrast microscopy.
The images were collected using Motic inverted microscope.

F-actin staining and immunofluorescence

F-action staining by Phalloidin was described previously [17].
Briefly, MCF-7TGF and MDA‑MB‑231 cells were seeded at a density
of 2 × 104 cells/well in 8-well glass Nunc Lab-Tek chamber slide
(Thermo Fisher Scientific) for 24 h. Then the cells were exposed
to either ATA (10 µM) or TAM (5 µM) for 24 h. Sample treated cells
were rinsed with PBS, fixed in 4% paraformaldehyde for 15min at
room temperature, permeabilized with Triton X-100 in PBS for
10min, and incubated with 6% BSA for 1 h. Then the cells were
washed with PBS and incubated with 660 nM of Alexa Flour 488
Phalloidin (Thermo Fisher Scientific) in 100 µL of 6% BSA for
15min to stain for F-actin and visualized using a fluorescence
microscope (Motic Electric Group) at 40× magnification. For the
immunofluorescence analysis, cells were incubated with the cor-
responding primary antibodies with a dilution ratio of 1 :200 in
1.5% FBS. The cells were then incubated with FITC-conjugated
r KJS et al. Antcin-A Modulates Epithelial-to-Mesenchymal… Planta Med 2019; 85: 755–765
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secondary antibody (Alexa Flour 488, 1 :1000) for another 1 h in
6% BSA. Then the cells were stained with 1 µg/mL DAPI for 5min
and washed with PBS. The fluorescent cell images were visualized
by a confocal fluorescence microscope (Leica TCS‑SP5-X AOBS)
and images were processed by Image Pro Plus version 6.1 soft-
ware (Media Cybernetics). Emission detection range was set as
457–522 nm for FITC and 405–464 for DAPI with 200MHz of gain.

Immunoblotting

Total cell lysates were prepared using RIPA lysis buffer (Thermo
Fisher Scientific). The cytoplasmic and nuclear fractions were ob-
tained by NE‑PER Nuclear and Cytoplasmic Protein Extraction
Reagent kit (Pierce Biotechnology). Protein concentration was de-
termined by Bio-Rad protein assay reagent (Bio-Rad Laboratories).
Equal amounts of denatured protein samples (60 µg) were sepa-
rated by 7–12% SDS-PAGE and the separated proteins were trans-
ferred onto PVDF membrane overnight. Then the membranes
were blocked with 5% nonfat dried milk for 30min, followed by
incubation with specific primary antibodies (1 : 1000) in PBS for
overnight, and incubated with either horseradish peroxidase con-
jugated goat anti-rabbit or anti-mouse antibodies (1 : 10000) in
PBS for 1 h. The immunoblots were developed with the enhanced
chemiluminescence reagent (Millipore) and images were cap-
tured by VL Chemi-Smart 3000 docking system (Viogene Biotek).

Quantitative real-time PCR

Total RNA was extracted by Trizol Reagent (Thermo Fisher Scien-
tific). RNA concentration was quantified with a NanoVue Plus
spectrophotometer (GE Health Care Life Sciences, Chicago, IL). q-
PCR was performed on a real-time PCR detection system and soft-
ware (Applied Biosystems). First-strand cDNA was generated by
SuperScript III reverse transcriptase kit (Invitrogen). Quantifica-
tion of mRNA expression for genes of interest was performed by
q-PCR reactions with equal volume of cDNA, forward and reverse
primers (10 µM), and power SYBR Green Master Mix (Applied Bio-
systems). The mRNA levels were normalized with GAPDH, while
miRNA levels were normalized with U6. The primer sequences of
each gene for q-PCR are summarized in ▶ Table 1.

Luciferase reporter assay

The transcriptional activity of p53 was determined by commer-
cially available luciferase reporter assay kits (Cignal p53 pathway
reporter assay kit, Quiagen). Briefly, sample-treated MCF-7TGF

and MDA‑MB‑231 cells were transfected with Cignal p53 reporter
and luciferase activity was measured using Dual Luciferase Assay
system (Promega) and the relative luminescence intensity was
measured using a fluorescence spectrophotometer (Hidex Oy).
Firefly luciferase experimental reporter was normalized to Renilla
luciferase activity to control transfection efficiency.

In vitro wound healing assay

MCF-7TGF and MDA‑MB‑231 cells (1 × 104 cells/well) were seeded
into a 24-well culture plate with silicon cell-free gap insert (ibidi
GmbH). After cells adhered to the culture plate, the silicon insert
was removed, washed with PBS, and then cells were treated with
ATA or TAM or transiently transfected with anti-miRNAs for 24 h.
The migrated cells were photographed (100× magnification) at
Kumar KJS et al. Antcin-A Modulates Epithelial-to-Mesenchymal… Planta Med 2019; 85: 755–76
0 and 24 h to monitor the migration of cells into the wounded
area, and the closure of the wounded area was calculated.

Trans-well migration assay

The invasive ability of breast cancer cells was quantified using
Matrigel invasion assay. Briefly, 10 µL (0.5mg/mL) BD Matrigel
Basement Membrane Matrix (BD Bioscience) was applied to 8-
µm polycarbonate membrane filters and the inserts were placed
on 12-well culture plates. On the other hand, MCF-7TGF and
MDA‑MB‑231 cells were treated with either ATA or TAM or tran-
siently transfected with anti-miRNAs for 24 h. After treatment,
cells were collected by trypsin. A total of 2 × 105 cells in fresh me-
dium without serum (200 µL) were added to the Matrigel coated
filters (upper chamber), and 750 µL of completed medium was
added to the lower chamber as a chemoattractant. The plates
were incubated at 37 °C for 24 h. After incubation, the cells re-
maining on the upper surface of the membrane were removed
with cotton swabs, and the cells that had migrated to the lower
side of the membrane were fixed using methanol and stained with
Giemsa solution for 15min at room temperature. The invaded
cells on the bottom of the membrane were washed with PBS and
photographed under a confocal microscope (magnification,
100×).

Computational target prediction algorithm
for miR-200c targets

Predicting target genes of miRNAs by computational algorithm is
considered as a comprehensive probabilistic parameter for under-
standing their biological functions. To identify target genes that
miR-200c regulate are generated by 3 target prediction algo-
rithms (PicTar, Targetscan, and miRANADA) [46]. The first 100
picks from the combined 3 algorithms were selected. Next, num-
ber of genes found in overlapped 3 algorithms (10 genes) were
cross checked existing experimental results, particularly genes in-
volved in metastasis of cancer cells.

Statistical analysis

Data are expressed as mean ± standard deviation (SD). All data
were analyzed using the statistical software GraphPad Prism ver-
sion 6.0 for Windows (GraphPad Software). Statistical analysis
was performed using one-way analysis of variance followed by
Dunnettʼs test for multiple comparison. A p-values of less than
0.05*, 0.01**, and 0.001*** was considered statistically signifi-
cant for the ATA or TAM or anti-miR treatment group versus the
control group.
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