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Abstract. Epithelial-mesenchymal transition (EMT) is a 
pivotal event in the invasion and metastasis of cancer cells. 
Prunella vulgaris (PV) inhibits the proliferation of various 
cancer cells; however, its possible role in EMT has not been 
demonstrated. In the present study, we explored the effect of 
PV aqueous extract (PVAE), a typical medicine for decoction, 
on EMT. Lipopolysaccharide (LPS) induced EMT-like pheno-
type changes in cancer cell lines that enhanced cell migration 
and invasion. PVAE markedly inhibited these effects and 
produced accompanying changes in the expression of EMT 
markers, including decreased expression of N-cadherin and 
vimentin, and increased expression of β-catenin. We found 
that PVAE effects on LPS-induced EMT were mediated by 
inhibition of the NF-κB/Snail signaling pathway. Our findings 
provide new evidence that PVAE suppresses cancer invasion 
and migration by inhibiting EMT. Therefore, we suggest that 
PVAE is an effective dietary chemopreventive agent with anti-
metastatic activity against malignant tumors.

Introduction

The epithelial-mesenchymal transition (EMT), an impor-
tant morphological event in which polarized epithelial cells 
convert to contractile and motile mesenchymal cells, is recog-
nized as an important process during embryonic development 
and tissue organization (1). EMT leads to the generation of 
cancer cells with stem cell-like characteristics, increasing 
their self-renewal and tumor-initiating capabilities, and 
resistance to apoptosis and chemotherapy; collectively, these 

properties promote tumor cell invasion and metastasis (2). 
Given the previously established clinical importance of these 
EMT-associated processes, inhibition of EMT is an attrac-
tive therapeutic approach that could significant affect disease 
outcome, although it remains unclear which tumors should be 
treated and at what state of progression (3). Dietary chemopre-
vention using natural compounds such as herbal medicines has 
recently been highlighted as a safe method for preventing or 
suppressing the development of cancer, despite uncertainties 
about the molecular mechanisms of such compounds.

Prunella vulgaris (PV), commonly known as ‘Ha-gocho’ 
in Korea, it is a perennial herb that is widely distributed in 
East Asia and Europe. PV, which is effective in preventing or 
treating symptoms such as hypertension, inflammation, sore 
throat and fever, is commonly used as a dietary supplement 
worldwide. Phytochemical studies have indicated that PV 
contains oleanolic, betulinic, ursolic and rosmarinic acid; trit-
erpenoids; flavonoids; tannins; and the anionic polysaccharide 
prumelline (4). Previous studies have reported that PV extracts 
possess various biological activities, including antimicrobial, 
anticancer and anti-inflammatory actions (5-8). Additionally, 
the aqueous extract of PV (PVAE) suppresses tumor cell 
invasion by regulating matrix metalloproteinase (MMP) 
expression (9,10). However, an antimetastatic effect of PVAE 
in relation to EMT has not yet been reported.

In the present study, we hypothesized that PVAE, a typical 
medicine for decoction, may have a role as an inhibitor of 
EMT in cancer progression and thus could serve as a dietary 
chemopreventive agent against malignant tumors. We report 
that PVAE significantly inhibited the invasion and migration 
of lipopolysaccharide (LPS)-induced EMT in two metastatic 
cancer cell lines through downregulation of the NF-κB/Snail 
signaling pathway. We propose that PVAE is a good candidate 
for use as a dietary chemopreventive agent with antimetastatic 
activity against malignant tumors.

Materials and methods

Materials and reagents. The PV used in the present study 
was kindly supplied by Professor Jung-Hye Choi (Kyung Hee 
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university). Aqueous extraction procedures were performed 
by boiling 100 g PV in 500 ml distilled water for 30 min and 
then filtering through Whatman filter paper No. 2 (Advantec, 
Tokyo, Japan). Subsquently, the filtrates were combined and 
evaporated under a vacuum and then lyophilized with a freeze 
dryer (Ilshine Lab, Suwon, Korea). The dry residue was stored 
at -20˚C. MDA-MB-231 and SKOV-3 cells were maintained in 
Dulbecco's modified Eagle's medium (DMEM) supplemented 
with 10% fetal bovine serum (FBS) and 1% penicillin/sterep-
tomycin antibiotics. The antibodies NF-κB p65 subunit and 
β-actin were purchased from Santa Cruz Biotechnology (Santa 
Cruz, CA, uSA), Snail was purchased from Cell Signalling 
Technology (Beverly, MA, uSA), vimentin and β-catenin 
were purchased from Abcam (Cambridge, MA, uSA), and 
N-cadherin were purchased from BD Biosciences (San Jose, 
CA, uSA).

Proliferation assay. All proliferation assays were based on the 
3-[4,5-dimethythiazol-2-yl]-2,5-diphenyl tetrazolium bromide 
(MTT) method. Cells were seeded in a 96-well plate, 1x104 
cells/well. After overnight culture, PVAE was added to the 
cells and further cultured for 24 h. The media was removed and 
DMSO was added at MTT solubilization solution. Absorbance 
was measured at 550 nm.

Colony forming assay. Single-cell suspensions of 5x103 cells 
were seeded into 6-well plate and allowed to attach for 24 h at 
37˚C in culture medium. Cells were then treated with 100 µM 
or 1,000 µM PVAE. After 10 days, colonies were fixed with 
100% methanol for 10 min at room temperature and stained 
with 0.1% crystal violet. Plates were washed with PBS and 
were photographed.

Immunofluorescence staining. MDA-MB-231 cells were 
grown in 4-chamber slides in serum-free media, and were 
treated with LPS (5 µg/ml) or co-treated with LPS (5 µg/ml) 
and PVAE (100 µM). After 24-h incubation, cells were fixed 
with 4% paraformaldehyde at 4˚C. Cells were washed with 
PBS containing 0.1% BSA and incubated with anti-N-cadherin 
antibody for 1 h followed by 1-h incubation with fluorescence-
tagged secondary antibody, then counterstained with DAPI for 
5 min. Cell images were captured at x200 magnification on a 
Leica fluorescence microscope.

Cell migration assay. Migration was assessed by a wound 
healing assay. Cells were seeded at 2x104 MDA-MB-231 and 
SKOV-3 cells/well and were cultured for 24 h. After scraping 
the cell monolayer with a sterile micropipette tip, the wells 
were washed with PBS, and treated with LPS (5 µg/ml) or 
co-treated with LPS (5 µg/ml) and PVAE (100 µM). The first 
image of each scratch was acquired at time zero. At 24 h, each 
scratch was examined and captured at the same location and 
the healed area was measured.

Transwell invasion assay. The invasion of tumor cells was 
assessed in Transwell chambers equipped with 8-µm pore 
size, 6.5 mm diameter polyvinylpyrrolidone-free polycarbon-
ated membranes that were coated with 1 mg/ml fibronectin. 
The cells were seeded onto the upper wells at a concentra-
tion of 1x105 and MDA-MB-231 and SKOV-3 cells/well were 

cultured for 24 h following treatment with LPS (5 µg/ml) or 
co-treatment with LPS (5 µg/ml) and PVAE (100 µM). The 
bottom chambers of the Transwell were filled with conditioned 
medium. After incubation for 24 h, cells were fixed with 100% 
methanol for 10 min at room temperature, stained with 0.1% 
crystal violet and counted under a light microscope.

Western blotting. MDA-MB-231 and SKOV-3 cells were 
treated with with LPS (5 µg/ml) or co-treated with LPS 
(5 µg/ml) and PVAE (100 µM) for 24 h. After lysing cells 
with RIPA buffer, ptoteins were resolved by SDS-PAGE 
and immunoblotted using primary antibodies such as anti-
N-cadherin, anti-β-catenin, anti-vimentin, anti-NF-κB p65 
subunit, anti-Snail and anti-β-actin antibody. After treatment 
with appropriate secondary antibodies, the immunoreactive 
bands were visualized by standard ECL method.

Statistical analysis. The results are presented as mean ± SE, 
and statistical comparisons between groups were carried out 
using one-way ANOVA followed by the Student's t-test.

Results

Effects of PVAE on the growth of human cancer cells in vitro. 
We initially examined the effect of PVAE on the prolifera-
tion of the human metastatic cancer cell lines MDA-MB-231 
(breast cancer cells) and SKOV-3 (ovarian cancer cells). 
Cells were treated for 24 h with different concentrations of 
PVAE, and cell viability was measured by MTT assay. As 
shown in Fig. 1A, PVAE inhibited cell proliferation in a 
concentration-dependent manner, although the IC50 (the drug 
concentration that causes 50% growth inhibition) was different 
for MDA-MB-231 cells (1094±7 µg/ml) and SKOV-3 cells 
(225±4 µg/ml). The long-term effects of PVAE were deter-
mined by culturing MDA-MB-231 and SKOV-3 cells with or 
without PVAE for 10-15 days, and then performing colony-
forming assays. At a concentration of 100 µg/ml, PVAE did 
not show any significant effect, whereas 1,000 µg/ml PVAE 
almost completely inhibited colony formation (Fig. 1B). In 
light of the additional experiments, 100 µg/ml PVAE was 
considered a suitable concentration for use in subsequent 
experiments.

PVAE inhibits EMT-related increases in cell migration and 
invasion induced by LPS. LPS may act as an independent factor 
to trigger the EMT process, as has previously been reported 
by Chen and colleagues (11,12). To determine whether PVAE 
inhibits LPS-induced EMT, which is associated with enhanced 
cellular progression, we monitored the effects of PVAE on LPS 
(5 µg/ml)-induced migration and invasion. Cancer cell lines 
were treated with LPS alone, LPS plus PVAE, or PVAE alone, 
and wound-healing and fibronectin-based Transwell invasion 
assays were performed. LPS induced at least a 1.3-fold increase 
in migration, as determined by wound-healing assays, whereas 
treatment with 100 µg/ml PVAE inhibited this LPS-induced 
migration by an average of 60% (Fig. 2). Transwell invasion 
assays showed that treatment with LPS alone significantly 
increased the number of invasive cells compared with untreated 
control cells by 1.5-fold or more. This LPS-induced increase 
in the number of invasive cells was significantly reduced by 
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treatment with PVAE (Fig. 3). Collectively, these data suggest 
that PVAE inhibits the EMT-related increase in the invasive-
ness of human cancer cells induced by LPS.

PVAE inhibits the expression of markers of EMT in human 
cancer cells. To further investigate the effect of PVAE on 
LPS-induced EMT, we monitored the expression of the 
EMT-related proteins, N-cadherin, β-catenin and vimentin by 
western blotting (Fig. 4A). β-catenin expression was signifi-

cantly downregulated in LPS-treated cancer cells compared 
with controls, whereas N-cadherin and vimentin expression 
were upregulated. Notably, PVAE attenuated both downregu-
lation of β-catenin and upregulation of N-cadherin/vimentin, 
suggesting that it reversed LPS-induced EMT. We also 
examined N-cadherin expression in cancer cells by immuno-
fluorescence (Fig. 4B). Consistent with the western blotting 
results, N-cadherin was highly expressed after LPS treatment, 
but was significantly decreased by co-treatment with PVAE. 

Figure 1. PVAE inhibits the growth of human cancer cells. (A) Antiproliferative effects of PVAE after 24 h in MDA-MB-231 and SKOV-3 cells. Cell prolifera-
tion was determined by MTT assay. Results are expressed as the mean ± SD of three replicate measurements from a single representative experiment of three 
separate experiments. (B and C) The inhibitory effect of PVAE on colony formation by (B) MDA-MB-231 and (C) SKOV-3 cells. Representative photographs 
demonstrating colony formation are shown.

Figure 2. PVAE inhibits LPS-induced migration of MDA-MB-231 and SKOV-3 cells. (A) Representative images of wound healing were captured at the time of 
the scratch and 24 h later. (B) Cell migration into the wounded area was quantified as the fold ratio of wound healing (n=5; *P<0.05, **P<0.01 vs. LPS-treated 
cells).
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Taken together, western blotting and fluorescence imaging 
results imply that PVAE has an inhibitory effect on EMT.

NF-κB/Snail signaling is required for PVAE-mediated reversal 
of LPS-induced EMT marker expression. Numerous studies 
have reported that many drugs may inhibit the invasion and 

migration of cancer cells by suppressing NF-κB activation and 
Snail induction, suggesting that the NF-κB signaling pathway 
is critically involved in the acquisition of EMT through its 
downstream target, the transcription factor Snail. To determine 
whether the effects of PVAE on LPS-induced changes in EMT 
marker expression involve inhibition of NF-κB/Snail activa-

Figure 3. PVAE inhibits LPS-induced cell invasion. (A) Cell invasion was determined by Transwell assays. Representative photomicrographs of membrane-
associated cells stained with crystal violet. (B) Cell invasion values were quantified as the fold ratio (n=5; *P<0.05, **P<0.01 vs. LPS-treated cells).

Figure 4. PVAE regulates the expression of EMT-related proteins. (A) N-cadherin, β-catenin, and vimentin protein expression in MDA-MB-231 and SKOV-3 
cells was determined using western blot analysis. (B) MDA-MB-231 cells were immunostained with anti-N-cadherin antibody (green), and nuclei were 
counterstained with DAPI (blue) after PVAE treatment.
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tion, we monitored expression of the NF-κB p65 subunit and 
Snail by western blotting. As shown in Fig. 5, LPS significantly 
upregulated the expression of NF-κB p65 and Snail protein. 
These effects were blunted by PVAE, suggesting that PVAE 
suppresses LPS-triggered EMT by counteracting NF-κB p65 
activation and Snail induction by LPS.

Discussion

Cancer cell metastasis is frequently associated with activation 
of EMT, which results in a loss of the cells' epithelial traits 
and acquisition of many properties of mesenchymal cells. 
The profound changes in cytoskeletal architecture that occur 
during EMT, together with a reduction in intercellular adhesion 
and an increase in motility, are fundamental to the metastatic 
process, enabling these cells to break through the basal 
membrane and migrate over long distances (2,13). In addition, 
it was recently reported that the EMT process is related to the 
cancer stem cell-like properties and therapeutic resistance of 
cancer cells (14-16). EMT is a complex, stepwise phenomenon 
that is not only involved in embryonic development, but also 
in other physiological and pathological conditions, playing 
a role in enhancing the invasive and metastatic behavior of 
cancer cells. Therefore, inhibition of EMT is an attractive 
therapeutic approach that could have a significant effect on 
disease outcome.

As previously reported, LPS induces EMT in breast cancer 
cells, increasing their invasion and migration and resulting 
in enhanced lung metastasis (17). In the present study, we 
showed that LPS induces these typical features of EMT in 
various cancer cell types, and also promotes the characteristic 
decreases in β-catenin expression, and increases in N-cadherin 
and vimentin expression. PVAE inhibited LPS-induced 
EMT, reversing the pattern of protein expression associated 
with invasion and migration. Additionally, we found that 
NF-κB/Snail signaling was required for LPS-induced EMT in 
various cancer cell types, suggesting a mechanism by which 
PVAE may act to inhibit cancer cell metastasis.

PV, a Labiate plant, is a traditional fever remedy, and 
more recently has been used to treat tuberculosis, thyroid 
gland swelling, jaundice, infectious hepatitis, bacillary dysen-
tery, pleuritis, hypertension and cancer (18). PV has been 
highlighted in the dietary supplements research field as an 
anticancer agent that has been reported to exert strong anti-

tumor effects by promoting apoptosis and regulating the cell 
cycle (19-21). Although some researchers have reported that 
PV and rosmarinic acid extracted from PV suppress cancer 
metastasis (9,22,23), this action has not been linked to an 
EMT-dependent mechanism. To the best of our knowledge, the 
present study is the first to demonstrate that the antimetastatic 
effects of PV are associated with the EMT process in cultured 
human cancer cells, suggesting a new dietary chemopreventive 
role of PV in inhibiting the progression of EMT-related cancer 
metastasis. 

In the present study, we showed that PVAE inhibited 
LPS-induced EMT, determined by monitoring changes in cell 
migration and invasion, and expression of cell-cell adhesion 
proteins and EMT-related proteins like N-cadherin. Cadherins 
are transmembrane glycoproteins that mediate Ca2+-dependent 
cell-cell adhesion (24). N-cadherin, typically expressed by 
mesenchymal cells and overexpressed in some cancer cells, 
is correlated with enhanced invasiveness (25). Thus, the gain 
of N-cadherin expression in cancer cells have functional 
significance for cancer progression and metastasis (26). PVAE 
also regulated the expression of other EMT-related proteins, 
including β-catenin and vimentin, resulting in inhibition of 
cell migration and invasion. β-catenin, a transcription factor 
in the Wnt signaling pathway involved in the regulation of 
cell adhesion, is typically more abundant in epithelial-like 
cells (27). Vimentin is an intermediate filament typically 
found in non-epithelial and mesenchymal cells (28).

Our data also demonstrated that the mechanism of action 
of PV may involve suppression of NF-κB/Snail signaling. 
NF-κB is a structurally conserved family of dimeric transcrip-
tion factors that plays pivotal roles in maintaining an invasive 
phenotype as well as promoting carcinogenesis (29,30). It also 
plays a central role in EMT through direct activation of the 
transcription of Snail, which has been established as a critical 
mediator of EMT (31). Consistent with the role of NF-κB as an 
upstream regulator of Snail expression, inhibition of NF-κB 
reverses the induction of Snail mRNA during EMT (32). Our 
results support these previous findings and provide a mecha-
nistic basis for the inhibition of tumor progression by PV as 
well as PVAE.

In conclusion, we demonstrated that PVAE inhibition of 
tumor invasion and migration is associated with the EMT 
process during tumor progression, and is possibly mediated 
by suppressing NF-κB/Snail signaling and regulating the 

Figure 5. LPS-induced NF-κB/Snail signaling is inhibited by PVAE. Western blot analysis of the NF-κB p65 subunit and Snail in MDA-MB-231 and SKOV3 
cells after treatment for 24 h with LPS, with and without PVAE. 
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expression of N-cadherin, β-catenin and vimentin-important 
downstream EMT markers. Although further in vivo studies 
are needed to establish the potential of PVAE as an anticancer 
therapeutic agent, we suggest that PVAE is an effective dietary 
chemopreventive agent with antimetastatic activity against 
malignant tumors.
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