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Heterophyllin B inhibits the adhesion and invasion
of ECA-109 human esophageal carcinoma cells by
targeting PI3K/AKT/p-catenin signaling
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Abstract. The present study aimed to measure the effect
of heterophyllin B (HB) on the adhesion and invasion of
ECA-109 human esophageal carcinoma cells, and examine the
possible mechanism involved. A Cell Counting kit 8 assay was
performed to determine the cell viability. Cell adhesion and
invasion were determined following treatment of the ECA-109
cells with HB (0, 10, 25 and 50 uM) for 24 h. The levels of
phosphorylated (p-)ATK and p-phosphoinositide 3-kinase
(PI3K), and the protein levels of (3-catenin were measured
using western blot analysis. The mRNA and protein expression
levels of E-cadherin, vimentin, snail, matrix metalloproteinase
(MMP)2 and MMP9 were detected using reverse trancsrip-
tion-quantitative polymerase chain reaction and western blot
analyses, respectively. HB (10, 25 and 50 M) significantly
suppressed the adhesion and invasion of the ECA-109 human
esophageal carcinoma cells in a dose-dependant manner. The
expression levels of p-ATK, p-PI3K and B-catenin were mark-
edly decreased. The expression of E-cadherin was promoted,
whereas the expression levels of snail, vimentin, MMP 2 and
MMP 9 were decreased significantly in the ECA-109 cells
treated with HB. In addition, HB inhibited the adhesion and
invasion induced by PI3K activating peptide in the ECA-109
cells,and the protein expression levels were also adjusted. These
results suggested that HB effectively suppressed the adhesion
and invasion of the human esophageal carcinoma cells by
mediating the PI3K/AKT/B-catenin pathways and regulating
the expression levels of adhesion- and invasion-associated
genes.
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Introduction

Esophageal carcinoma is one of the most common types
of carcinoma of the digestive system, and its mortality rate
is inferior only to gastric carcinoma, ranking the second
highest among cancers of the digestive system in China (1,2).
Esophageal cancer poses a serious threat to human health, and
almost 300,000 individuals succumb to mortality every year
worldwide (3). Chemical carcinogens; biological carcinogens,
including infections from certain viruses, bacteria or parasites;
a lack of trace elements and vitamins; inappropriate dietary
habits and genetic inheritance can lead to esophageal carci-
noma. The majority of patients diagnosed with esophageal
cancer suffer from dyspnea, dysphagia and pain during treat-
ment (4). Currently, chemotherapy, radiotherapy and surgical
treatment are the common strategies used for esophageal
carcinoma. However, the harmful side effects, high costs and
rates of recurrence caused by traditional therapies result in
low cure rates. Consequently, it is urgent to investigate novel
efficient strategies for the treatment of esophageal carcinoma.
The screening serviceable anticancer products from medicinal
plants has been an intensive area of investigation in various
cancer therapies.

Cyclic lipopeptides exist in abundance in medicinal plants,
which exhibit antitumor, anti-inflammatory, antifungal and
antibacterial activities (5-7). Heterophyllin B (HB) is one of
the active compounds existing in Pseudostellaria heterophylla
(Miq.) Pax, and is often used in promoting the produc-
tion of fluid in Chinese medicine. HB belongs to the cyclic
lipopeptides, however, its anticancer activity remains to be
elucidated (8).

The present study aimed to investigate the effect of HB on
the proliferation, adhesion and invasion of ECA-109 human
esophageal carcinoma cells, and determine the possible
mechanisms involved. The results of this investigation aim to
provide novel strategies for the treatment of esophageal cancer.

Materials and methods

Cell line and treatment. The ECA-109 human esophageal
carcinoma cell line was purchased from American Type
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Culture Collection (Manassas, VA, USA) and the cells were
maintained in Dulbecco's modified Eagle's medium (DMEM,;
GE Healthcare Life Sciences, Logan, UT, USA), supplemented
with 10% fetal bovine serum (FBS; Gibco Life Technologies,
Carlsbad, CA, USA), 1% penicillin/streptomycin (Solarbio,
Beijing, China) at 37°C in a 5% CO, humidified tissue culture
incubator. The 740Y-P phosphoinositide 3-kinase (PI3K)
activating peptide was purchased from Tocris Bioscience
(Shanghai, China).

Cell Counting Kit-8 (CCK8) assay. The cell proliferation
status was assessed using a CCK8 assay (Beyotime Institute
of Biotechnology, Haimen, China). Briefly, the ECA-109 cells
were seeded in 96-well plates at the density of 2x10° cells/well
with 100 ml culture medium. Following culture for 24 h,
740Y-P (500 pg/ml) and/or HB were added to the medium to
final concentrations (0, 5, 10, 20, 50, 100 and 200 M HB).
The cells were then cultured for another 12, 24 and 48 h.
Subsequently, 20 ml CCKS8 solution was added to each well,
and the culture was incubated for another 1 h at 37°C. The
optical density (OD) values were read at 450 nm using a micro-
plate reader (Thermo Fisher Scientific).

Adhesion assay. Cells in logarithmic phase were digested
using 0.25% trypsin (Gibco Life Technologies) and then
suspended in RPMI-1640 medium (GE Healthcare Life
Sciences) containing 10% FBS). The cells were seeded into
a 12-plate microplate at a density of 1x10° cells/ml and then
incubated for 1 h at 37°C. The supernatant was discarded and
the cells were washed twice using phosphate-buffered saline
(PBS; Gibco Life Sciences). Subsequently, 4% paraformal-
dehyde (JRDun Biotechnology, Co., Ltd., Shanghai, China)
was supplemented for 15 min at room temperature, and cells
were stained using Giemsa (JRDun Biotechnology, Co., Ltd.)
for 30 min. Then cells were washed with PBS several times
and the OD values were read at 570 nm using a microplate
reader (Multiskan MK3; Thermo Fisher Scientific). The adhe-
sion was calculated using the following formula: Adhesion
rate (%) = (OD, / OD,) x 100%, where OD, represents the HB
treated group and OD,, represents the control group.

Cell invasion assay. A cell invasion assay was performed
using a 24-well Transwell chamber with a pore size of 8 ym
(Sigma-Aldrich, St. Louis, MO, USA). The inserts were coated
with 50 ul Matrigel (dilution, 1:2; BD Biosciences, Franklin
Lakes, NJ, USA). The cells, previously treated with 740Y-P
(500 pg/ml) and/or HB for 24 h, were transferred into the upper
Matrigel chamber in 100 ul serum-free medium (1x10° cells)
and incubated for 24 h at 37°C. The lower chamber was filled
with medium containing 10% FBS as a chemoattractant.
Following incubation, the cells, which had passed through the
filter were fixed and stained using 0.1% crystal violet (JRDun
Biotechnology, Co., Ltd.). The numbers of invaded cells were
counted in five randomly-selected high power fields under a
microscope (CX41-72C02; Olympus Corp., Toyko, Japan).

Western blot analysis. Cell lysates were prepared using
immunoprecipitation assay buffer (RIPA, Beyotime Institute
of Biotechnology) containing 0.01% protease and phospha-
tase inhibitor (Sigma-Aldrich). Cells were incubated at 4°C
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for 10 min followed by 95°C for 10 min and subsequently
centrifuged at room temperature at 12,000 x g for 10 min.
The protein contained in the supernatant was quantified
using a bicinchoninic acid kit (cat no. PICPI23223; Thermo
Fisher Scientific). Equal amounts of protein (20-30 ug)
were separated by 10% SDS-PAGE (JRDun Biotechnology,
Co., Ltd., Shanghai, China) and transferred onto nitrocel-
lulose membranes via the semi-dry blotting method using a
three-buffer system. Subsequently, membranes were incubated
with antibodies against PI3K (cat no. Ab127617; 1:1,000 dilu-
tion), p-PI3K (cat no. Ab86714; 1:1,000 dilution), vimentin
(cat no. Ab92547, 1:1,000 dilution), snail (cat no. Ab135708;
1:100 dilution), MMP?2 (cat no. Ab110186; 1:500 dilution) or
MMP9 (cat no. Ab38898; 1:1,000 dilution) (all from Abcam,
Cambridge, MA, USA) as well as antibodies against AKT
(cat no. 92728S; 1:1,000 dilution), phosphorylated (p-)AKT
(cat no. 4058S; 1:1,000 dilution) -catenin (cat no. 8480S;
1:1,000 dilution), E-cadherin (cat no. 3185; 1:1,000 dilution)
and GAPDH (cat no. 5471; 1:1,500 dilution) (all from Cell
Signaling Technology, Inc., Danvers, MA, USA). Protein
loading was estimated using mouse anti-GAPDH monoclonal
antibody (CST, cat. no. 5174, 1:1,000 dilution) as a an internal
control. Blots were then incubated for 1 h at 37°C with goat
anti-mouse or anti-rabbit secondary antibody (Beyotime
Institute of Biotechnology). LabWorks Image Acquisition and
Analysis software (UVGL-58; UVP, Upland, CA, USA) were
used to quantify band intensities. Antibodies were purchased
from Cell Signaling Technology, Inc. (Beverly, MA, USA).

Reverse-transcription quantitative polymerase chain reac-
tion (RT-gPCR). The ECA-109 human esophageal carcinoma
cells were seeded at a density of 5x10° cells/well into 6-well
plates, cultured overnight and then treated with HB (10, 25
and 50 uM) at 37°C for 6 h. Total RNA from the HB-treated
cells was isolated using TRIzol reagent (Invitrogen Life
Technologies). The RT reaction was performed using 2 ug
total RNA using a First Strand cDNA kit (Sigma-Aldrich),
according to the manufacturer's instructions. PCR amplifica-
tion was performed for 10 min at 95°C, followed by 40 cycles
at 95°C for 15 sec and annealing/extension at 60°C for 45 sec,
in an ABI 7300 Thermocycler (Applied Biosystems, Foster
City, CA, USA), using an SYBR Premix Ex Taq kit (Takara
Bio, Inc., Otsu, Japan). The specific primer sequences for
each gene were as follows: forward 5-GTTGTTGGGCAT
AGAGAC-3' and reverse 5-CAGGGCAGTTTGAATAGC-3'
for E-cadherin (125 bp product); forward 5-GCGTGAAAT
GGAAGAGAAC-3' and reverse 5"“TGGAAGAGGCAGAGA
AATC-3' for vimentin (217 bp product); forward 5“TTCCTG
AGCTGGCCTGTCTG-3' and reverse 5-TGGCCTGAG
GGTTCCTTGTG-3' for SNAI (165 bp product); forward
5"TTGACGGTAAGGACGGACTC-3' and reverse 5'-GGC
GTTCCCATACTTCACAC-3' for MMP 2 (134 bp product);
forward 5-AAGGGCGTCGTGGTTCCAACTC-3' and
reverse 5-"AGCATTGCCGTCCTGGGTGTAG-3' for MMP
9 (210 bp product) and forward 5'-CACCCACTCCTCCAC
CTTTG-3' and reverse 5-CCACCACCCTGTTGCTGTAG-3'
for GAPDH (110 bp product). Data analysis was performed
using the 2"22°T method for relative quantification (9), and all
samples were normalized to GAPDH, which was used as an
endogenous control (10,11).
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Statistical analysis. GraphPad Prism 5.0 software (GraphPad
Software, Inc., La Jolla, CA, USA) was used for statistical
analysis. Values are expressed as the mean + standard deviation
of the mean. The differences between groups were analyzed
using Student's #-test when only two groups were compared, or
using one-way analysis of variance when more than two groups
were compared. All tests performed were two-sided. P<0.05
was considered to indicate a statistically significant difference.

Results

Effect of HB on ECA-109 human esophageal carcinoma cell
proliferation. The in vitro effects of HB on ECA-109 cell
proliferation were measured using an CCK8 assay (Fig. 1).
Compared with the control group, HB significantly decreased
ECA-109 cell proliferation in the 75, 100 and 200 #M groups
(P<0.05). However, the lower concentrations of HB (5, 10, 25
and 50 M) did not reduce cell viability. No significant differ-
ences were observed between the group exposed to 5 uM or
the group exposed to 50 #M. Therefore, the doses of 10, 25 and
50 uM were selected for use in the subsequent adhesion and
invasion investigations.

HB inhibits the adhesion and invasion of ECA-109 esopha-
geal carcinoma cells. The adhesion of carcinoma cells to the
extracellular matrix and basement membranes is regarded
as an initial step in the invasive process of metastatic tumor
cells (12,13). In the present study, the effects of different concen-
trations of HB on human esophageal cancer cell adhesion were
determined by the cell adherence, as previously described. As
shown in Fig. 2A, exposure to 10, 25 and 50 xM HB notably
suppressed the adhesion of the ECA-109 cells, compared with
the control group, which occurred in a dose-dependent manner.
The adhesion rates in the 10, 25 and 50 yM of HB-treated
groups were ~76.22, 32.22 and 21.34% respectively, compared
with the control group.

The invasive ability of the ECA-109 human esophageal
carcinoma cells treated with HB were identified using a
Transwell assay. The results revealed that the invasive abilities
of the cells treated with 10, 25 and 50 xM HB were decreased
notably, in a concentration-dependent manner, compared with
that of the control group (Fig. 2B). The invasive rates of the 10,
25, 50 uM HB-treated groups were ~71.25, 45.24 and 21.25%,
respectively, compared with control group.

HB suppresses the phosphorylation of PI3K/AKT and the
expression of -catenin. PI3K/AKT signaling exerts a stimula-
tory effect in the process of tumor metastasis (14,15). 3-catenin
is a scaffold protein, linking the cytoplasmic tail of classical
cadherins in the endothelium to the actin cytoskeleton, and
its downregulation can give rise to metastasis of esophageal
carcinoma (16). In the present study, the expression levels of
p-PI3K, p-AKT and B-catenin were measured using western
blot analysis. As shown in Fig. 3A-F, the expression levels of
p-PI3K, p-AKT and (-catenin were suppressed significantly
in the HB-treated ECA-109 cells, in a dose-dependent manner,
compared with the control group.

HB inhibits the expression levels of snail, E-cadherin and
vimentin in ECA-109 cells. E-cadherin is a tumor suppressor
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Figure 1. Effect of HB on the proliferation of ECA-109 human esophageal
carcinoma cells. The cells were treated with different doses of HB (0, 5, 10,
25, 50, 100 and 200 yM) for 12, 24 and 48 h, and a Cell Counting Kit 8
assay was performed to determine the proliferation. Data are presented as
the mean * standard deviation (n=3). "P<0.05 and “"P<0.01 vs. 0 uM, 12h;
AP<0.05 and **P<0.01 vs 0 uM, 24 h; 3P<0.05 vs 0 uM, 48h. HB, hetero-
phyllin B.

protein, which is used as a prognostic marker for esopha-
geal cancer (16,17). Vimentin is crucial in carcinoma cell
adhesion (18), and is one of intermediate filament proteins
which, combined with microtubule and actin microfilaments,
constitute the body of the cytoskeleton (19,20). These proteins
are dependable indicators in assessing cell adhesion. Snail is
recognized as the upstream transcription factor regulating the
expression of E-cadherin (21,22). RT-qPCR and western blot
analyses were used in the present study to detect the expres-
sion levels of these two proteins. The results demonstrated that,
compares with the control, the mRNA expression of E-cadherin
was increased in a dose-dependent manner following HB
treatment. The mRNA expression levels of vimentin and snail
were markedly decreased in the HB-treated ECA-109 cells, in
a concentration-dependent manner, compared with the control
group (Fig. 4A-C). In the results of the western blot analysis,
marked decreases were observed in the expression levels of
snail and vimentin, and a notable increase was observed in the
protein expression of E-cadherin (Fig. 4D and E).

HB inhibits the expression levels of MMP-2/9 in ECA-109
cells. MMPs are produced by esophageal carcinoma cells,
and increased expression levels are associated with disease
progression (23,24). The expression levels of MMP2 and
MMP9 correspond with cell invasive ability (25). To examine
the possible anti-invasive mechanism of HB, the activity and
expression levels of MMP-2 and MMP-9 in ECA-109 cells
exposed to different concentrations of HB were examined.
RT-qPCR and western blot analyses were performed to assess
the activities of MMP-2 and MMP-9 in the cells treated
with various concentrations of HB. As shown in Fig. 5A-C,
HB exerted an inhibitory effect on the mRNA expression
and protein levels of MMP-2 and MMP-9, in a concentra-
tion-dependent manner, compared with the control group.

HB inhibits the adhesion and invasion of ECA-109 esopha-
geal carcinoma cells targeting PISK/AKT/B-catenin. The
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Figure 2. Effect of HB on the adhesion and invasion of ECA-109 human esophageal carcinoma cells. (A and B) Cells were treated with different concentrations
of HB (0, 10, 25 and 50 zM) for 24 h, and cell adhesion was measured using Giemsa staining. (C and D) Cells were treated with different concentrations of HB
(0, 10, 25 and 50 M) for 24 h, and cell invasion was determined using a Transwell assay. Data are presented as the mean + standard deviation (n=3), "P<0.05
and “P<0.01 vs. control. Magnification, x200. HB, heterophyllin B.
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Figure 3. Effect of HB on the phosphorylation of ATK and PI3K in ECA-109 cells. (A and B) Cells were treated with HB (0, 10, 25 and 50 M) for 6 h and
lysed for western blot analysis using antibodies against the indicated AKT and p-AKT proteins. (C and D) Cells were treated with HB (0, 10, 25 and 50 M)
for 6 h and lysed for western blot analysis using antibodies against the indicated PI3K and p-PI3K proteins and (E and F) 3-catenin. GAPDH was detected as

a control of sample loading. Data are presented as the mean + standard deviation (n=6). "P<0.05 and “P<0.01. HB, heterophyllin B; PI3K, phosphoinositide
3-kinase; p-phosphorylated.

present study further investigated the effects of HB on the 3 h markedly increased cell adhesion and invasion (Fig. 6)
adhesion and invasion of ECA-109 cells treated with PI3K by 164.08+9.36 and 121.12+9.63% respectively, which
activating peptide (740Y-P). Treatment with 740Y-P for = were higher than those of the control group (100+7.34 and
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Figure 4. Effect of HB on the expression levels of snail, E-cadherin and vimentin. (A-C) Cells were treated with different doses of HB (0, 10, 25 and 50 uM) for
12 h and reverse transcription-quantitative polymerase chain reaction was performed for mRNA detection. (D and E) Cells were treated with different doses
of HB (0, 10, 25 and 50 yM) for 24 h and lysed for western blot analysis using antibodies against the snail, E-cadherin and vimentin proteins. GAPDH was
also detected as a control of sample loading. Data are presented as the mean + standard deviation (n=6). "P<0.05 and “P<0.01 vs. control. HB, heterophyllin B.
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Figure 5. Effect of HB on expression levels of MMP-2 and MMP-9. (A) Cells were treated with HB (0, 10, 25 and 50 #M) for 12 h and reverse trancsription-quan-
titative polymerase chain reaction was performed to detect mRNA expression levels of MMP 2 and MMP 9. (B and C) Cells were treated with HB (0, 10, 25
and 50 uM) for 24 h and lysed for western blot analysis using antibodies against MMP 2 and MMP 9 proteins. GAPDH was also detected as a control of sample
loading. Data are presented as the mean + standard deviation (n=6). "P<0.05 and “"P<0.01 vs. control. HB, heterophyllin B; MMP, matrix metalloproteinase.

100+8.29%, respectively), suggesting that the PI3K-activating
peptide effectively facilitated adhesion and invasion.
Following treatment with HB (25 M) alone for 24 h, cell
adhesion and invasion were 17.07+4.23and 35.21+£7.55% of
the control group, respectively (Fig. 6). In addition, following
pretreatment with 740Y-P for 3 h, cell adhesion and invasion
decreased significantly with HB+740Y-P by 29.26+2.30% and
62.50+7.09%, respectively (Fig. 6).

HB inhibits the expression levels of adhesion- and inva-
sion-associated proteins targeting PI3K/AKT/B-catenin. Cells
were pretreated with 740Y-P for 6 h and then cultured for 3 h.

Compared with the control group, the levels of p-AKT/AKT
and P-catenin were increased (Fig.7Aa-c). The protein levels
of snail, vimentin, MMP2 and MMP9 were upregulated and
the expression of E-cadherin was decreased (Fig. 7Ba-c). The
cells were then treated with HB (25 yM) for 6 h, following
which the levels of p-AKT/AKT and p-catenin decreased
markedly (Fig. 7A-C). Following 24 h HB treatment, signifi-
cant decreases were observed in the expression levels of snail,
vimentin, MMP2 and MMP?9, and the expression of E-cadherin
was upregulated, compared with the control group (Fig. 7D-F).
These results suggested that HB adjusted the abnormal levels
of protein expression, which caused by 740Y-P.
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Figure 6. Effect of HB on the adhesion and invasion of ECA-109 cells pretreated with PI3K-activating peptide. (A and B) Cells were pretreated with 740Y-P
for 3 h, then treated with HB (25 yM) for 24 h. Cell adhesion was measured using Giemsa staining. (C and D) Cell invasion was determined using a Transwell
assay. Data are presented as the mean * standard deviation (n=3). "P<0.05 and “P<0.01, vs. control; "P<0.01, vs. 740Y-P. Magnification, x200. HB, hetero-
phyllin B; PI3K, phosphoinositide 3-kinase.

A B C
& ¢ 0.8 1.0
a o w*k
& & Q“‘sx Lt S
[ RN AR ;‘ 0.6 : 0.8
< 9
PAKT s — S o - . -
& 0.2 e 8
0.0 0.0
000 Q‘J qh% (}‘5 Coo 9\.-"‘, .-‘DAQ %Q":Q
o xg\
a* P
s a
&
N
& -e,@'@ F = Snail F
D AN A8 E B E-cadherin = MMP2
-2 % L
R iy I e
= = iz ek = E 0.6
] *% 4 S04 *n il ——
vve: . : : BB . Bw 25 = -
— —— i
&
0.0 0.0
—— By ry eyl T YL
SERE FSERE SR °°0" S &
& & Q,s‘" ® ﬁ & ,.z? & 23
oF e 4 8 8
S S o o 8

Figure 7. Effect of HB on the protein levels in ECA-109 cells pretreated with PI3K-activating peptide. (A-C) Cells were pretreated with 740Y-P for 3 h, then
treated with HB (25 uM) for 6 h. Expression levels of p-AKT, AKT and 3-catenin were determined using western blot analysis. (D-F) Cells were pretreated
with 740Y-P for 3 h, then treated with HB (25 uM) for 24 h. The expression levels of snail, E-cadherin, vimentin, MMP2 and MMP9 were determined
using western blot analysis. GAPDH was also detected as a control of sample loading. Data are presented as the mean + standard deviation (n=3). "P<0.05
and “P<0.01, vs. control; “P<0.01, vs. 740Y-P. HB, heterophyllin B; PI3K, phosphoinositide 3-kinase; MMP, matrix metalloproteinase; p-phosphorylated.



Discussion

Esophageal carcinoma, characterized by a low cure rate is
considered a serious disease and a significant threat to human
health. Traditional Chinese medicine, surgery, radiotherapy
and chemotherapy in the treatment of esophageal cancer can
effectively reduce the toxicity and strengthen immune func-
tion. In addition, the combination of Chinese and Western
medicines assist in preventing the recurrence and metastasis,
and improve quality of life and survival rates (1-3). Therefore,
identifying favorable products from Chinese medicinal herbs
for carcinoma therapy is of importance.

Cyclic peptides, present extensively in medicinal plants
usually possess novel structures, diverse biological activities
and unique mechanisms of action, and are crucial in natural
products (26,27). Therefore, the investigation of cyclic peptides
is receiving increasing attention from scientists. HB is an active
cyclic peptide isolated from Pseudostellaria heterophylla (8).
The present study focussed on the effect of HB on the adhesion
and invasion of ECA-109 human esophageal cancer cells.

Adhesion and invasion are essential processes in the
metastasis of esophageal cancer. The presence of metastasis is
the predominant cause of low cure rates in millions of patients
diagnosed with cancer (28-30). In the present study, HB was
demonstrated to inhibit esophageal cancer cell proliferation,
adhesion and invasion. It also provided evidence that the
mechanism underlying the above effects was associated with
inhibition in the expression of snail, vimentin and MMP-2/9,
which are regulated by the PI3K/AKT/B-catenin signaling
pathway (31). These novel findings assist in further investi-
gating the effects HB on esophageal cancer metastasis.

The metastasis of esophageal cancer cells is a complex
multistep process, involving cell adhesion, invasion and
migration (32). Therefore, interruption of one or more of these
processes is considered a serviceable strategy for targeting
in treatment. In the present study, the results indicated that
HB induced marked inhibition of adhesion and invasion
in the ECA-109 human esophageal carcinoma cell line in a
dose-dependent manner. Cellular functions are regulated by
multiple signal pathways, and the PI3K/AKT pathway is crucial
in cell survival, proliferation, invasion and migration (33).
[B-catenin is a scaffold protein, linking the cytoplasmic tail
of classical cadherins in the endothelium via B-catenin to
the actin cytoskeleton (34). Numerous experimental studies
have indicated that f-catenin is a key regulator of esophageal
carcinoma metastasis (16). The present study also found that
HB effectively inhibited the increased adhesion and inva-
sion caused by the PI3K activating peptide. These results
demonstrated that this pathway was inhibited in the ECA-109
cells treated with HB, which indicated the anti-adhesion and
anti-invasive activities of HB.

Vimentin is the major intermediate filament (IF) protein
of mesenchymal cells, and is important in cell-cell adhesion
through their association with hemidesmosomes and desmo-
somes (18). Reduced expression levels of E-cadherin have
been reported in numerous types of carcinoma originating
from epithelial cells, including gastric, breast, pancreatic and
hepatic cancer, and its downregulation is frequently associ-
ated with metastasis and invasiveness (35,36). The E-cadherin
gene is frequently downregulated by specific transcriptional
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repressors, including zinc finger proteins of the snail family,
snail and slug (37,38). Vimentin, snail and E-cadherin are
regulated by diverse signaling pathways, and the PI3K/
AKT/B-catenin pathway is reported to regulate their expres-
sion (39-41). Accordingly, the expression levels of E-cadherin,
snail and vimentin in the present study were regulated in the
cells treated with HB.

The initial step of tumor cell invasion begins with the break-
down of the cytomembrane, a process that is dependent on type
IV collagen-degrading enzymes, predominantly MMP-2 and
MMP-9 (42.43). The expression levels of MMPs, particularly
MMP-2 and MMP-9, have been associated with increased
chances of metastasis in several types of human carcinoma,
including esophageal cancer (44,45). RT-qPCR and western
blot analyses were used in the present study to investigate the
expression levels of MMP-2 and MMP-9 in the ECA-109 cells
following HB treatment (24 h). The results demonstrated that
HB effectively suppressed the expression levels of MMP-2 and
MMP-9, including the abnormal level of expression induced
by 740Y-P. Downregulation of the expression levels of MMP-2
and MMP-9 are mediated by multiple signaling cascades,
particularly by the PI3K/AKT pathway (46). The suppression
of the PI3K/AKT/p-catenin signaling by HB may have led to
the reductions in MMP-2 and MMP-9 (47).

In conclusion, the present study demonstrated that
HB inhibited the adhesive and invasive properties of the
ECA-109 cells by suppressing the activation and expression
levels of E-cadherin, vimentin, snail, MMP-2 and MMP-9,
which are important factors in esophageal cancer cells.
PI3K/AKT/p-catenin signaling in the ECA-109 cells contrib-
uted to the underlying mechanism of the invasive potential of
HB. These results may be relevant for esophageal carcinoma
therapy.
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