
lable at ScienceDirect

Biochemical and Biophysical Research Communications 458 (2015) 707e713
Contents lists avai
Biochemical and Biophysical Research Communications

journal homepage: www.elsevier .com/locate/ybbrc
Baicalin and baicalein inhibit transforming growth factor-b1-mediated
epithelial-mesenchymal transition in human breast epithelial cells

Heesung Chung a, Hack Sun Choi b, Eun-Kyoung Seo c, Duk-Hee Kang b, **, Eok-Soo Oh a, *

a Department of Life Sciences, The Research Center for Cellular Homeostasis, Ewha Womans University, Seoul 120-750, Republic of Korea
b The Division of Nephrology, Department of Internal Medicine, Ewha Medical Research Center, Ewha Womans University School of Medicine, 911-1 Mok-
Dong, Yangcheon-Ku, Seoul 158-710, Republic of Korea
c College of Pharmacy, Ewha Womans University, Seoul 120-750, Republic of Korea
a r t i c l e i n f o

Article history:
Received 2 February 2015
Available online 14 February 2015

Keywords:
Baicalin
Baicalein
Epithelial mesenchymal transition
Breast cancer
NF-kB
Slug
Abbreviations: EMT, epithelial mesenchymal tran
kappa-light-chain-enhancer of activated B cells; TGF-b
b.
* Corresponding author. Department of Life Science

52, Ewhayeodae-gil, Seodaemoon-Gu, Seoul 120-750,
3277 3760.
** Corresponding author. Division of Nephrology,
School of Medicine, 911 Mok-Dong, Yangchun-ku, Seo
Fax: þ82 2 2655 2076.

E-mail addresses: dhkang@ewha.ac.kr (D.-H. Kang)

http://dx.doi.org/10.1016/j.bbrc.2015.02.032
0006-291X/© 2015 Elsevier Inc. All rights reserved.
a b s t r a c t

Since the epithelialemesenchymal transition (EMT) is involved in many crucial functions of cancer cells,
we set out to identify a natural compound capable of inhibiting EMT processes. TGF-b1 treatment in-
duces EMT among normal mammary epithelial cells (MCF10A cells), as reflected by characteristic
morphological changes into the fibroblastic phenotype, reduced expression of E-cadherin. Interestingly,
butanol extracts of Scutellaria baicalensis Georgi significantly reduced the TGF-b1-mediated EMT of
MCF10A cells. Further analysis revealed that baicalin and baicalein, the major flavones of these butanol
extracts, inhibited TGF-b1-mediated EMT by reducing the expression level of the EMT-related tran-
scription factor, Slug via the NF-kB pathway, and subsequently increased migration in MCF10A cells.
Finally, both compounds reduced the TGF-b1-mediated EMT, anchorage-independent growth and cell
migration of human breast cancer cells (MDA-MB-231 cells). Taken together, these results suggest that
baicalin and baicalein of Scutellaria baicalensis Georgi may suppress the EMT of breast epithelial cells and
the tumorigenic activity of breast cancer cells. Thus, these compounds could have potential as thera-
peutic or supplementary agents for the treatment of breast cancer.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Breast cancer, which is one of the most malignant cancers in
women, has a poor prognosis due to its high aggressiveness,
detection difficulties and strong chemoresistance [1]. In large part,
these characteristics are dependent on the epi-
thelialemesenchymal transition (EMT) of breast cancer cells. EMT
is the acquisition of mesenchymal cell characteristics by epithelial
cells; it is an early program during development, tissue reorgani-
zation and tumorigenesis. In many cases, EMT may be seen both
during the initial steps of tumorigenesis and the later stage of
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metastasis. Indeed, a strong correlation exists between EMT pro-
cesses and metastatic features in cancer cells [2,3]. During initial
tumorigenesis, normal epithelial cells lose their epithelial charac-
teristics and obtain mesenchymal characteristics in their
morphology, migration, anti-apoptotic capacity and invasiveness.
Many studies have examined EMT in the context of understanding
cancer, and such results have contributed to the treatment of
various cancers, including breast cancer.

Transforming growth factor-b (TGF-b) is a well-known inducer
of EMT in various cancer cells [4]. It binds to its receptors (TbRI,
TbRII and TbRIII) and activates various transcription factors for
cadherin isoform switching [5e7]. During TGF-b1-induced EMT,
epithelial cells undergo downregulation of E-cadherin, which is a
major cellecell adhesion molecule and tumor suppressor [8], and
upregulation of N-cadherin [9]. TGF-b1 also induces Ras-MEK-ERK-
mediated EMT in pancreatic cancer cell lines (PANC-1, COLO-357
and IMIM-PC1) [10]. In breast cancer cells, TGF-b1 stimulates
Rho-p38 MAPK-mediated EMT [11]. In this process, TGF-b1 acti-
vates Snail (zinc finger protein Snail1), Slug (also called Snail2),
Twist, ZEB1 (zinc finger E-box-binding homeobox1) and ZEB2,
which repress E-cadherin and induce EMT [12].
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Scutellaria baicalensis Georgi (also known as Baikal skullcap) is
an herb that is widely used in the traditional medical systems of
Asia. Numerous functional studies have examined various extracts
and compounds from Scutellaria baicalensis Georgi, and have
revealed that they have anti-cancer [13], anti-inflammatory [14],
anti-viral [15], anti-fungal [16] and neuroprotective [17] effects. For
example, oroxylin A stimulates the cell cycle arrest of breast cancer
cells through the Chk2/P53/NF-kB pathway [18]; baicalein pro-
motes apoptosis of esophageal squamous cell carcinoma cells
through the PI3K/AKT pathway [13]; baicalin induces apoptosis of
Burkitt lymphoma cells through the PI3K/AKT pathway [19]; and
wogonin inhibits the invasiveness of gallbladder carcinoma cells
through the ERK1/2 pathway [20]. Therefore, it is highly possible
that extracts and compounds from Scutellaria baicalensis Georgi
might regulate EMT.

In this study, we sought to identify anti-EMT compounds from
Scutellaria baicalensis Georgi. We found that baicalin and baicalein
inhibit TGF-b1-mediated EMT in breast epithelial cells and sup-
press the tumorigenic characteristics of breast cancer cells. This
suggests that baicalin and baicalein may inhibit EMT in breast
cancer, and could therefore have potential therapeutic relevance.

2. Materials and methods

2.1. Materials

The monoclonal antibody against E-cadherin was purchased
from Abcam (Cambridge, MA, USA). The antibodies against Slug
(monoclonal), cytokeratin-18 (monoclonal), N-cadherin (poly-
clonal), NF-kB (p65, polyclonal) and IkB-a (polyclonal) were
Fig. 1. Baicalin and Biacalein from the butanol fraction of Scutellaria baicalensis Georg
cells/well in a 12-well) were treated with control (DMSO), butanol extract (BE) or hexane ex
cells were immunostained with an anti-E-cadherin antibody. The results were visualized wit
well in a 6-well) were co-treated as indicated. After 48 h, Immunoblotting was performed w
MCF10A cells (8 � 104 cells/well in a 12-well) were co-treated with the butanol extract (20
immunostained with anti-E-cadherin antibody (E-cad). The results were visualized with a Te
nuclei (blue). (D) MCF10A cells were treated either DMSO (control), baicalin or baicalein (2 m
were analyzed by Immunoblotting with the indicated antibodies. An anti-GAPDH antibody w
cells (7.5 � 104 cells/well in a Transwell apparatus) were subjected to a Transwell migration
mean ± S.D. *, p < 0.05. (For interpretation of the references to color in this figure legend,
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
The antibodies against Snail (monoclonal) and phospho-Smad2/3
(polyclonal) were purchased from Cell Signaling (Danvers, MA,
USA). Human TGF-b1 was purchased from R&D Systems (Minne-
apolis, MN, USA). Baicalin and baicalein were purchased from
Sigma (St. Louis, MO, USA). Bay11-7085 was purchased from Santa
Cruz Biotechnology.

2.2. Cell culture and transfection

The MCF10A human breast epithelial cell line was maintained in
Dulbecco's-modified Eagle's medium/F12 (DMEM/F12; WelGene,
Daegu, Korea) supplemented with 5% (v/v) horse serum (Gibco,
Grand Island, NY, USA), L-glutamine (2 mM; Hyclone, Logan, UT,
USA), EGF (20 ng/ml; R&D Systems), hydrocortisone (0.5 mg/ml;
Sigma), insulin (10 mg/ml; Sigma), cholera toxin (0.1 mg/ml; Sigma)
and gentamicin (50 mg/ml; Sigma), at 37 �C in a humidified 5% CO2
atmosphere. The MDA-MB-231 human breast cancer cell lines was
maintained in RPMI 1640 medium (WelGene) supplemented with
10% (v/v) fetal bovine serum (FBS; Hyclone) and gentamicin (50 mg/
ml), at 37 �C in a humidified 5% CO2 atmosphere. A construct of
human E-cadherin was kindly provided by Dr S.G. Kim (Seoul Na-
tional University, Seoul, Korea). Cells were transfected using Viva-
Magic™ transfection reagent according to the manufacturer's
instructions (VIVAGEN Co., Gyeonggi-Do, Korea).

2.3. Immunoblotting

The cultures were washed twicewith phosphate-buffered saline
(PBS) and the cells were lysed in RIPA buffer (50 mM Tris, pH 8.0,
i inhibits TGF-b1-mediated EMT in breast epithelial cells. (A) MCF10A cells (8 � 104

tract (HE, 20 mg/ml final) with/without TGF-b1 (2.5 ng/ml; to induce EMT). After 48 h,
h a FITC-conjugated goat anti-mouse antibody (green). (B) MCF10A cells (2.5 � 105 cells/
ith the indicated antibodies. An anti-GAPDH antibody was used as a loading control. (C)
mg/ml), baicalin or baicalein (2 mM), plus TGF-b1 (2.5 ng/ml). After 48 h, the cells were
xas red-conjugated goat anti-mouse antibody (red), and DAPI was used to counterstain
M) either in the presence or absence of TGF-b1 (2.5 ng/ml). After 48 h, total cell lysates
as used as a loading control. (E) MCF10A cells were treated described in (D). After 48 h,
assay. After 6 h, migrated cells were stained with H&E, and counted. Error bars indicate
the reader is referred to the web version of this article.)
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150 mM NaCl, 1% Nonidet P-40, 10 mM NaF, and 2 mM Na3VO4)
containing protease inhibitors (1 mg/ml aprotinin, 1 mg/ml antipain,
5 mg/ml leupeptin, 1 mg/ml pepstatin A, and 20 mg/ml phenyl-
methylsulfonyl fluoride). The lysates were clarified by centrifuga-
tion at 13,000� g for 15 min at 4 �C, boiled with SDS sample buffer,
and analyzed by SDS-PAGE. The resolved proteins were transferred
to polyvinylidenedifluoride membranes (Millipore, Billerica, MA,
USA) and probed with the appropriate antibodies. The signals were
detected by enhanced chemiluminescence (AbClon, Seoul, Korea).

2.4. Immunofluorescence analysis

Cells were plated to 12-well plates containing coverslips, and
fixed with 3.5% paraformaldehyde for 10 min. The cells were then
washed with PBS, blocked with 0.5% BSA and incubated overnight
with the anti-E-cadherin antibody at 4 �C. For detecting intracel-
lular proteins, cells were permeablized by 0.5% triton X-100 (in PBS)
for 10 min before blocking. After a further wash with PBS, the cells
were incubated with fluorescent dye conjugated secondary anti-
bodies (Invitrogen, Carlsbad, CA, USA) for 1 h at 25 �C. The cover-
slips were mounted on glass slides with mounting solution
containing 40,6-diamidino-2-phenylindole (DAPI), and the results
were observed by fluorescence microscopy.

2.5. Transwell migration assay

Gelatin B (10 mg/ml) was added to each well of a Transwell plate
(8-mm pore size; Corning Costar, Tewksbury, MA, USA), and the
membranes were allowed to dry at 25 �C for 1 h. The Transwell
units were assembled in a 24-well plate, and the lower chambers
were filled with fresh medium containing FGF-2 (100 ng/ml). Cells
Fig. 2. Baicalin and Baicalein inhibit TGF-b1-mediated EMT processes by reducing NF-kB
ml) for 24 h, and total cell lysates were analyzed by Immunoblotting with anti-phospho-Sma
were treated with TGF-b1 (2.5 ng/ml) and compounds (2 mM). After 30 min, cells were the c
with a Texas red-conjugated goat anti-rabbit antibody (red), and DAPI was used to counterst
compounds (2 mM) for 30 min. IkB-a level was analyzed by Immunoblotting. An anti-GAPDH
7085 (10 mM). After 30 min, cells were treated with TGF-b1 (2.5 ng/ml) for additional 48 h.
the references to color in this figure legend, the reader is referred to the web version of th
were added to each upper chamber, and the plates were incubated
at 37 �C in 5% CO2. The cells that had migrated to the lower surface
of the filters were stained with 0.6% hematoxylin and 0.5% eosin
(H&E), and counted.

2.6. Cell proliferation assay

Cell proliferation was measured by a colorimetric assay using
MTT [3-(4,5-dimethythiazol-2-yl) 2,5-diphenyltetrazolium bro-
mide; Amresco, Solon, OH, USA]. In brief, MDA-MB-231 cells
were harvested with 0.05% trypsin/EDTA and seeded to a 96-well
plate at 1.0 � 104 cells/well. After incubation for the indicated
time periods, 100 ml of medium containing 0.5 mg/ml MTT was
added to each well, and the plate was incubated for 1 h. The
medium was then removed and 100 ml of acidic isopropanol (90%
isopropanol, 0.5% SDS, 25 mM NaCl) was added to each well. The
mean absorbance at 570 nm in each set of samples was
measured using a 96-well plate reader (Dynatech, Chantilly, VA,
USA).

2.7. Colony formation assay

Each well of a 6-well culture dish was coated with 3 ml of
bottom layer mixture (RPMI 1640 containing 10% FBS and 0.6%
agar). After the bottom layer solidified, we added 1 ml of top agar
mixture (RPMI 1640 containing 10% FBS and 0.3% agar) containing
MDA-MB-231 cells (5 � 104 cells/well) pretreated with either TGF-
b1 (10 ng/ml) or one of the test compounds (5 mM) and incubated
the plate at 37 �C in a 5% CO2 atmosphere. After 16 days, the col-
onies were stained with 0.005% crystal violet and photographed
with a digital camera.
activation. (A) MCF10A cells were treated with compounds (2 mM) and TGF-b1 (2.5 ng/
d2/3 antibody. An anti-GAPDH antibody was used as a loading control. (B) MCF10A cells
ells were immunostained with anti-NF-kB (p65) antibody. The results were visualized
ain nuclei (blue). (C) MCF10A cells were treated with TGF-b1 (2.5 ng/ml) and indicated
antibody was used as a loading control. (D) MCF10A cells were pre-treated with Bay11-
E-cadherin level was visualized by Immunofluorescence analysis. (For interpretation of
is article.)
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2.8. Statistical analysis

Data are represented as the mean ± S.D. from each independent
experiment. Statistical analysis was performed using student's t-
test of variance. p < 0.05 was considered to be statistically
significant.

3. Results

3.1. Scutellaria baicalensis Georgi inhibits TGF-b1-mediated EMT in
breast epithelial cells

In an effort to identify new EMT inhibitors, we screened natural
extracts from Scutellaria baicalensisGeorgi for the ability to alter the
fibroblastic morphological changes induced by TGF-b1 treatment of
MCF10A breast epithelial cells. To begin narrowing in on the active
factor(s), we obtained Scutellaria baicalensis Georgi extracts using
three solvents: hexane, butanol and ethylacetate. We found that
TGF-b1 treatment induced the expected morphological changes of
MCF10A cells toward the fibroblastic phenotype; this was first seen
at 24 h post-treatment and was evident at 48 h post-treatment.
When cells were co-treated with extracts from Scutellaria baica-
lensis Georgi and TGF-b1, the butanol fraction (butanol extract), but
not theother fractions, inhibited theTGF-b1-inducedmorphological
changes (data not shown). Since E-cadherin is expressed at much
higher levels in epithelial cells than mesenchymal cells, whereas
mesenchymal cells express higher levels of N-cadherin, cadherin
levels are considered to be strong markers of EMT [21]. Consistent
with the observed morphological changes, TGF-b1 treatment
reduced E-cadherin expressions in MCF10A cells, and this effect
could be rescued by co-treatment with the butanol extract from
Fig. 3. Baicalin and baicalein negatively regulate Slug expression in breast epithelial cel
The cells were immunostained with either anti-Snail or anti-Slug antibodies. (B, C) MCF10A c
periods, and total cell lysates were analyzed by Immunoblotting with the indicated antibod
treated with baicalin or baicalein (2 mM) plus TGF-b1 (2.5 ng/ml). After 48 h, the cells were
conjugated goat anti-mouse antibody (red), and DAPI was used to counterstain nuclei (blue).
(For interpretation of the references to color in this figure legend, the reader is referred to
Scutellaria baicalensis Georgi (Fig. 1A and B). Together, these data
suggest that compounds in the butanol fraction of Scutellaria bai-
calensis Georgi may inhibit EMT processes in breast epithelial cells.

3.2. Baicalin and baicalein inhibit TGF-b1-mediated EMT

To date, 295 compounds have been isolated from Scutellaria
baicalensis Georgi, including various flavonoids, phenyl-
ethanoidglycosides, iridoid glycosides, diterpenes, triterpenoids,
alkaloids, phytosterols and polysaccharides [22]. The butanol frac-
tion of Scutellaria baicalensis Georgi is known to contain baicalein
(14.24%), baicalin (baicalein-7-glucuronide, 19.58%) and wogonin
(3.61%) together with other compounds [23]. Because baicalin and
baicalein are the major compounds in the butanol fraction, we
examined whether these compounds could inhibit TGF-b1-
mediated EMT. Indeed, E-cadherin expression was reduced by
TGF-b1 treatment of MCF10A cells, but this effect was inhibited by
both baicalin and baicalein (Fig. 1C and D). In contrast, the levels of
N-cadherin remained unchanged (Fig. 1D). In addition, the TGF-b1-
inducedmigration ofMCF10A cells was suppressed by co-treatment
with baicalin or baicalein (Fig. 1E). These results suggest that bai-
calin and baicalein in the butanol fraction of Scutellaria baicalensis
Georgi can inhibit TGF-b1-mediated EMT in breast epithelial cells.

3.3. Baicalin and baicalein suppress EMT by reducing NF-kB
signaling

Various signaling pathways contribute to inducing EMT. Among
them, the Smad signaling pathway is a well-known TGF-b1-
mediated pathway [24]. However, we found that neither baicalin
nor baicalein affected the phosphorylation of Smad2/3 (Fig. 2A).
ls. (A) MCF10A cells were treated with Bay11-7085 and TGF-b1 as described in Fig. 2D.
ells were treated with each compound (2 mM) and TGF-b1 (2.5 ng/ml) for the indicated
ies. An anti-GAPDH antibody was used as a loading control. (D) MCF10A cells were co-
immunostained with anti-Slug antibody. The results were visualized with a Texas red-
(E) Schematic representation of the downregulation of E-cadherin, with Slug indicated.
the web version of this article.)
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Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-
kB) is a crucial transcription factor known to stimulate EMT in
cancer cells [25e27], and both baicalin and baicalein are known to
inhibit NF-kB activation during anti-inflammatory responses
[28,29]. Therefore, we investigated whether these compounds
could inhibit EMT by inactivating NF-kB. As expected, both baicalin
and baicalein prevented TGF-b1 from triggering the activation and
nuclear localization of NF-kB in MCF10A cells (Fig. 2B). In addition,
both baicalin and baicalein inhibited TGF-b1-mediated IkB-a
degradation (Fig. 2C), and the TGF-b1-induced downregulation of
E-cadherin expressionwas recovered by the NF-kB inhibitor, Bay11-
7085 (Fig. 2D). Together, these data suggest that baicalin and bai-
calein suppress EMT by inhibiting the activation of NF-kB.

3.4. Baicalin and baicalein negatively regulate Slug expression in
breast epithelial cells

E-cadherin expression is repressed by various transcription
factors, including Snail (also called Snail1), Slug (also called Snail2)
and ZEB1/2 [30]. Thus, we investigated whether these transcription
factors could be involved in the effects of baicalin and baicalein on
the TGF-b1-induced EMT of MCF10A cells. Interestingly, the TGF-
b1-mediated nuclear localization of Slug, but not Snail, was reduced
Fig. 4. Baicalin and baicalein inhibit the tumorigenic activity of breast cancer cells. (A)
ml) for 24 h. Total cell lysates were analyzed by Immunoblotting with anti-phospho Samd2
indicated compounds (5 mM) and TGF-b1 (10 ng/ml). After 30 min, the cells were immuno
conjugated goat anti-rabbit antibody (red), and DAPI was used to counterstain nuclei (blue). (
analyzed by Immunoblotting with indicated antibodies. (D) MDA-MB-231 cells, transfected w
were analyzed by Immunoblotting with indicated antibodies. (E) MDA-MB-231 cells (1.0 �
incubation, MTT assays were performed, and the mean absorbance was measured at 570 nm.
with TGF-b1 (10 ng/ml) and/or indicated compounds (5 mM). After 48 h cells (1.0 � 105 cells/
cells were stained with H&E, and counted (upper panel). MDA-MB-231 cells overexpressing E
and seeded on soft agar. After 16 days, colonies were stained with 0.005% crystal violet and c
the references to color in this figure legend, the reader is referred to the web version of th
by the NF-kB inhibitor (Fig. 3A). Similarly, both compounds
downregulated the TGFb1-mediated induction of Slug, in parallel
with increased E-cadherin expression (Fig. 3B and C). Our immu-
nofluorescence analyses showed that Slug was highly localized to
the cell nucleus following TGF-b1 treatment, whereas the nuclear
levels of Slug were decreased in cells co-treated with baicalin and
baicalein (Fig. 3D). These results suggest that baicalin and baicalein
negatively regulate EMT by inhibiting the expression of Slug that is
responsible for repressing E-cadherin expression, and that this
process is governed by TGF-b1-mediated NF-kB activation (Fig. 3E).

3.5. Baicalin and baicalein inhibit the tumorigenic activities of
breast cancer cells

Since the EMT process is a critical event in cancer progression,
we investigated whether baicalin and/or baicalein could inhibit
the tumor-related activities (e.g., overgrowth, mobility and
anchorage-independent growth) of human breast cancer (MDA-
MB-231) cells. In these cells, as in MCF10A cells, both compounds
inhibited TGFb1-mediated EMT by reducing NF-kB activity
without affecting Smad 2/3 activation (Fig. 4A and B), and by
downregulating Slug (Fig. 4C). Furthermore, baicalin and baicalein
suppressed the TGF-b1-mediated upregulations of Slug and
MDA-MB-231 cells were treated with indicated compounds (5 mM) and TGF-b1 (10 ng/
/3 antibody. (B) MDA-MB-231 cells (1.5 � 105 cells/well in a 12well) were treated with
stained with anti-NF-kB (p65) antibody. The results were visualized with a Texas red-
C) MDA-MB-231 cells were treated as described as (A). After 48 h, total cell lysates were
ith human E-cadherin were treated with described as (A). After 48 h, total cell lysates
104 cells/well in a 96-well) were treated with the indicated compounds (5 mM). After
(F) MDA-MB-231 cells were transfected human E-cadherin and these cells were treated
well in a Transwell apparatus) were seeded to the upper chamber. After 24 h, migrated
-cadherin were treated with TGF-b1 (10 ng/ml) and/or the indicated compound (5 mM)
ounted (bottom panel). Error bars indicate mean ± S.D. *, p < 0.05. (For interpretation of
is article.)
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rescued the TGF-b1-induced downregulation of E-cadherin exog-
enously expressed in MDA-MB-231 cells (Fig. 4D). Therefore, it
seems that baicalin and baicalein regulate TGF-b1-mediated EMT
not only in normal breast epithelial cells, but also in breast cancer
cells. Under our experimental conditions, neither baicalin nor
baicalein showed overgrowth effect on MDA-MB-231 cells
(Fig. 4E). In contrast, however, both compounds reduced the TGF-
b1-induced migration and colony formation (Fig. 4F) of MDA-MB-
231 cells, suggesting that both compounds have anti-tumorigenic
activity. Collectively, our results strongly suggest that baicalin and
baicalein may inhibit EMT processes, thereby suppressing tumor-
igenic activity in breast cancer cells.

4. Discussion

Since EMT is involved in many crucial cancer cell functions,
including cancer recurrence, targeting EMT represents an
important therapeutic strategy for cancer treatment. Here, we
sought to identify a natural compound capable of inhibiting EMT
processes. Using human MCF10A breast epithelial cells, we
directly evaluated the impact of a Scutellaria baicalensis Georgi
extract on several TGF-b1-mediated EMT parameters, including
cell morphology and the expression levels of epithelial and
mesenchymal markers. Our data revealed that the butanol extract
from Scutellaria baicalensis Georgi effectively reduced TGF-b1-
mediated EMT (Fig. 1A and B). Further experiments showed that
baicalin and baicalein, the major compounds in this butanol
fraction [23], effectively reduced EMT in MCF10A cells (Fig. 1C and
D). Consistent with their ability to inhibit the TGF-b1-induced
acquisition of the mesenchymal phenotype, baicalin and baica-
lein significantly rescued the TGF-b1-mediated downregulation of
E-cadherin.

NF-kB signaling is also reportedly required to stimulate EMT
processes in various cancers. For example, NF-kB acts as a tran-
scription factor to induce both EMT stimulators (e.g., ZEB-1, ZEB-
2, Snail, Slug and Twist) and mesenchymal markers (e.g., fibro-
nectin, vimentin and MMPs) [31]. In addition, NF-kB activation is
involved in the cancer stem cell (CSC) formation of breast cancer
cells. Because there are close correlations between CSC formation
and EMT processes [32], these reports may be taken as further
suggesting that NF-kB could be a key transcription factor in EMT.
Here, we report that the Bay 11-7085-induced blockade of NF-kB
reduces the expression level of Slug and rescues E-cadherin
expression in MCF10A cells (Figs. 2D and 3A), and that baicalin
and baicalein inhibit EMT by reducing NF-kB (Fig. 2). Both com-
pounds appear to inhibit TGF-b1-mediated EMT by reducing the
expression level of the EMT-related transcription factor, Slug via
the NF-kB pathway (Fig. 3). Consistent with the above-described
results, baicalin and baicalein also appeared to have inhibitory
effects on oncogenic EMT, suppressing TGF-b1-induced migration
and colony formation (Fig. 4F) in MDA-MB-231 breast cancer
cells, suggesting that the baicalin- or baicalein-mediated inhibi-
tion of EMT may inhibit the tumorigenic activities of breast
cancer cells.

In summary, we herein report for the first time that baicalin and
baicalein effectively inhibit EMT processes in breast epithelial cells,
and that this inhibitory activity effectively inhibits tumorigenic
activity in breast cancer cells. Although future work will be needed
to examine the underlying mechanisms, these results suggest that
baicalin and baicalein could potentially be developed into anti-
cancer agents aimed at treating breast cancer.
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