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Inhibitory effects of tetrandrine on epidermal
growth factor-induced invasion and migration in
HT29 human colorectal adenocarcinoma cells
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Abstract. Tetrandrine has been shown to reduce cancer cell
proliferation and to inhibit metastatic effects in multiple
cancer models in vitro and in vivo. However, the effects of
tetrandrine on the underlying mechanism of HT29 human
colorectal adenocarcinoma cell metastasis remain to be fully
elucidated. The aim of the present study was focused on
tetrandrine-treated HT29 cells following epidermal growth
factor (EGF) treatment, and Transwell, gelatin zymography,
gene expression and immunoblotting assays were performed
to investigate metastatic effects in vitro. Tetrandrine was
observed to dose-dependently inhibit EGF-induced HT29
cell invasion and migration, however, no effect on cell
viability occurred following exposure to tetradrine between
0.5 and 2 M. Tetrandrine treatment inhibited the enzymatic
activity of matrix metalloprotease (MMP)-2 and MMP-9
in a concentration-dependent manner. The present study
also found a reduction in the mRNA expression levels of
MMP-2 and MMP-9 in the tetrandrine-treated HT29 cells.
Tetrandrine also suppressed the phosphorylation of EGF
receptor (EGFR) and its downstream pathway, including
phosphoinositide-dependent kinase 1, phosphatidylinositol
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3-kinase and phosphorylated AKT, suppressing the gene
expression of MMP-2 and MMP-9. Furthermore, tetrandrine
triggered mitogen-activated protein kinase signaling through
the suppressing the activation of phosphorylated extracel-
lular signal-regulated protein kinase. These data suggested
that targeting EGFR signaling and its downstream molecules
contributed to the inhibition of EGF-induced HT29 cell metas-
tasis caused by tetrandrine, eventually leading to a reduction
in the mRNA and gelatinase activities of MMP-2 and MMP-9,
respectively.

Introduction

Epidermal growth factor receptor (EGFR) is a member of
the ErbB family of receptor tyrosine kinases (1), and EGFR
activation by ligand binding stimulates multiple signals,
including phosphatidylinositol 3-kinase (PI3K)/AKT,
mitogen-activated protein kinases (MAPKs) and nuclear
factor-«B pathways, ultimately resulting in cellular prolif-
eration, survival, angiogenesis invasion and metastasis (2,3).
Abnormal protein activity and/or expression levels of EGFR
have been correlated with the etiology of several types of
human cancer, including colorectal cancer (4,5), non-small
cell lung cancer (6,7), breast cancer (8,9), head and neck
squamous cell carcinoma (10,11), pancreatic cancer (12) and
brain cancer (13). EGFR-targeted therapy has been validated
in human colorectal cancer (14), and the chemotherapeu-
tics include pharmacological agents, including cetuximab
(Erbitux), which is an EGFR inhibitor (15). EGFR acts to
bind an EGFR-selective ligand activated by epidermal growth
factor (EGF), transforming growth factor-a, amphiregulin or
neuregulin, finally leading to cell proliferation, invasion and
the inhibition of apoptosis (15-17).

Tetrandrine is a bisbenzylisoquinoline alkaloid, which
is isolated from the dried root of Stephania tetrandra of the
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Menispermaceae family (18,19). Tetrandrine has been shown
to have broad pharmacological actions (20-22). Several reports
have indicated that tetrandrine presents potent anticancer
effects on multiple cancer cells in vitro (23-29). Tetrandrine
retards Wnt/B-catenin signaling and inhibits tumor growth
of HCT116 human colorectal cancer (24). Furthermore, the
apoptosis of cells in human hepatocellular carcinoma caused
by tetrandrine is mediated through the production of reac-
tive oxygen species and the repression of AKT activity (30).
Our previous study revealed that tetrandrine induces apop-
totic and autophagic cell death in SAS human oral cancer
cells (31). Wu et al (32) demonstrated that tetrandrine inhibits
cell proliferation, invasion and migration by suppressing the
levels of A disintegrin/metalloprotease 17, phosphorylated
(p)-EGFR and p-AKT in U87 glioblastoma cells. Therefore,
evidence suggests that the suppression of EGFR-PI3K/AKT
signaling may contribute to the tetrandrine-induced anticancer
activities of inhibition of cell migration and invasion. In the
present study, it was demonstrated that tetrandrine inhibited
EGF-induced HT29 cell invasion and migration through
stimulating the phosphorylation of EGFR, sequentially
inactivating the PI3K/AKT cascade, repressing MAPK/extra-
cellular signal-regulated protein kinase (ERK)-mediated
signaling and reducing MMP-2 and MMP-9 signals.

Materials and methods

Chemicals and reagents. In the present study, tetrandrine,
EGF and 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetra-
zolium bromide (MTT) were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Dulbecco's modified Eagle's medium
(DMEM), fetal bovine serum (FBS), penicillin-streptomycin
and trypsin-EDTA were purchased from Gibco (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). Anti-p-EGFR
(Y845) (2231; 1:1,000), anti-p-EGFR (Y992) (2235;
1:1,000), anti-p-EGFR (Y1068) (2234; 1:1,000), anti-p-phos-
phoinositide-dependent kinase-1 (PDK1; 3031; 1:1,000),
anti-p-PI3K (4228; 1:1,000), anti-p-AKT (S308) (13038;
1:1,000), anti-p-AKT (S473) (4060; 1:1,000), anti-p-ERK
(Thr202/Tyr204) (4370; 1:1,000), anti-p-c-Jun N-terminal
kinase (JNK; Thr183/Tyrl85) (4668; 1:1,000) and anti-p-p38
(Thr180/Tyr182) (4511; 1:1,000) antibodies were purchased
from Cell Signaling Technology, Inc. (Danvers, MA, USA).
Antibodies against EGFR (sc-03, 1:500), PI3K (sc-423, 1:500),
AKT (sc-8312, 1:500), ERK (sc-135900, 1:500), JNK (sc-571,
1:500), p38 (sc-7972, 1:500) and B-actin (sc-1616, 1:5,000), as
well as horseradish peroxidase (HRP)-conjugated secondary
antibodies (goat anti-mouse IgG-HRP, sc-2031, 1:10,000;
donkey anti-goat IgG-HRP, sc-2033, 1:10,000; and goat
anti-rabbit IgG-HRP, sc-2030, 1:10,000) were purchased from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).

Cell culture. The HT29 human colorectal adenocarcinoma
cell line was cultured in DMEM supplemented with 10% FBS,
100 U/ml penicillin and 100 pg/ml streptomycin, and incu-
bated in a humidified incubator with 5% CO, at 37°C (33).

Cell invasion assay. The membrane of each Transwell insert
was coated with Matrigel (BD BioCoat BD Matrigel Invasion
Chamber; BD Biosciences, Bedford, MA, USA), according
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to the manufacturer's protocol. The HT29 cells (2x10%) were
seeded onto the upper chamber of the insert in 0.5 ml complete
DMEM per Transwell, containing 100 ng/ml EGF and either
0.5, 1 or 2 uM of tetrandrine for 48 h at 37°C. The number of
invaded cells was analyzed, as previously described (34).

Cell migration assay. The HT29 cells (2x10*) were seeded
into a Transwell insert (BD Biosciences) and incubated with
100 ng/m EGF and either 0.5, 1 or 2 uM of tetrandrine for
48 h at 37°C. The number of migrated cells were counted, as
described previously by Lu er al (35).

Determination of cell viability using an MTT assay. The
HT29 cells (2x10%) were seeded into the 96-well plate and
were incubated with EGF (100 ng/ml) and tetrandrine (O,
0.5, 1 or 2 uM). Following incubation for 48 h at 37°C, MTT
solution (0.5 mg/ml) was added for an additional 4 h, and
the formazan crystals were dissolved by 200 ul of dimethyl
sulfoxide (Sigma-Aldrich), as described previously (35). The
cytotoxicity was determined as previously described (35), with
the value of the untreated control sample set as 100%.

Gelatin zymography assay. The HT29 cells (1x10°) were
seeded into a 12-well plate and were exposed to EGF
(100 ng/ml) and various concentrations of tetrandrine (0, 0.5,
1 or 2 uM) for 48 h at 37°C. The conditioned media were
collected, and the samples were separated by electropho-
resis on an 8% SDS-polyacrylamide gel with 0.1% gelatin
(Sigma-Aldrich). Subsequently, the gel was incubated in
zymogen developing buffer (Sigma-Aldrich), containing
50 mM Tris (pH 7.5), 200 mM NacCl, 5 mM CaCl,, 1 uM
ZnCl, and 0.02% Brij-35, overnight at 37°C. The bands
corresponding to activity were stained with 0.5% Coomassie
Brilliant blue G-250 (Bio-Rad Laboratories, Inc., Hercules,
CA, USA), and the band of gelatinolytic activity was deter-
mined using NIH Image J software, version 1.47 (National
Institutes of Health, Bethesda, MA, USA), as described
previously (35,36).

Reverse transcription quantitative polymerase chain reac-
tion (RT-gPCR) analysis. The HT29 cells (1x107 cells in a
75 cm?-flask) were exposed to 0.5, 1 and 2 uM of tetrandrine
and EGF (100 ng/ml) for 48 h at 37°C prior to total RNA being
extracted using a Qiagen RNeasy Mini kit (Qiagen, Valencia,
CA, USA). cDNAs were synthesized from each RNA sample,
as previously reported (37,38). Subsequent qPCR for each
sample was performed using an Applied Biosystems 7300
Real-Time PCR system (Applied Biosystems; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) according to the
manufacturer's instructions. The cDNAs were mixed with
2X SYBR Green PCR Master mix (Applied Biosystems;
Thermo Fisher Scientific, Inc.) and the following primers,
according to the manufacturer's protocol (Sigma-Aldrich):
MMP-2, forward 5'-CCCCAGACAGGTGATCTTGAC-3'
and reverse 5'-GCTTGCGAGGGAAGAAGTTG-3"; MMP-9,
forward 5'-CGCTGGGCTTAGATCATTCC-3' and reverse
5-AGGTTGGATACATCACTGCATTAGG-3"; and GAPDH,
forward 5'-ACACCCACTCCTCCACCTTT-3' and reverse
TAGCCAAATTCGTTGTCATACC-3'. Each transcript was
calculated relative to the housekeeping gene, GAPDH.
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Immunoblotting analysis. The HT29 cells cells (1x107 cells in
a 75 cm?-flask) were treated with EGF (100 ng/ml) and exposed
to 0.5, 1 and 2 uM of tetrandrine for 48 h at 37°C. Following
treatment, the whole cell lysate was collected, and immunob-
lotting was performed to determine the protein expression
levels, as detailed by Chen et al (36). The protein signals were
detected using an Immobilon Western Chemiluminescent
HRP Substrate kit (Merck Millipore, Billerica, MA, USA) and
Bio-MAX MR X-ray film (Eastman Kodak, Rochester, NY,
USA), as previously described (37,38).

Statistical analysis. All data are presented as the mean + stan-
dard deviation. One-way analysis of variance followed by
Student's t-test using SPSS software, version 12.0 (SPSS, Inc.,
Chicago, IL, USA) was used to compare the differences. P<0.05
was considered to indicate a statistically significant difference.

Results

Tetrandrine inhibits EGF-induced HT29 cell invasion
and migration. To determine the effects of tetrandrine on
EGF-induced HT29 cells, the abilities of cell invasion and
migration was investigated. EGF induction increased the
invasion of the HT29 cells, when compared with the untreated
control cells (basal), and treatment of the EGF-induced
HT29 cells with tetrandrine decreased cell invasion in a
concentration-dependent manner (Fig. 1A). In addition,
EGF stimulated HT29 cell migration, whereas tetrandrine
decreased EGF-induced migration of the HT29 cells in a
concentration-dependent manner (Fig. 1B).

Exposure to low concentrations of tetrandrine has no effect
on the viability of EGF-induced HT29 cells. To determine
whether the inhibited invasion and migration of EGF-induced
HT?29 cells following exposure to tetrandrine was the result
of cytotoxic effects, the present study assessed HT29 cell
viability following tetrandrine exposure. The EGF-induced
HT?29 cells were exposed to various concentrations (0, 0.5, 1
and 2 uM) of tetrandrine. The results demonstrated that tetran-
drine at 0.5-2 uM was not cytotoxic towards the EGF-induced
HT?29 cells (Fig. 2).

Tetrandrine inhibits the enzymatic activities of MMP-2 and
MMP-9 in EGF-induced HT29 cells. It has been documented
that MMP-2 (gelatinase A) and MMP-9 (gelatinase B)
are detected in the invasion and metastasis of colorectal
cancer (39), which is closely associated with the malignant
potential of tumor invasion and migration (40). Therefore, in
the present study, EGF-induced HT29 cells were treated with
or without tetrandrine (0.5, 1 and 2 M) and the enzymatic
activities of MMP-2/-9 were assessed. Treatment of the
EGF-induced cells with tetrandrine reduced the gelatinase
activity of MMP-2 (Fig. 3A) and MMP-9 (Fig. 3B), and these
effects were dose-dependent.

Tetrandrine reduces the gene expression levels of MMP-2
and MMP-9 in EGF-induced HT29 cells. The present study
further investigated whether the suppression of MMP-2 and
MMP-9 occurred at the transcriptional level. Prior to EGF
induction, the cells were incubated with or without 0.5, 1 and
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Figure 1. Effects of tetrandrine on the invasion and migration in EGF-induced
HT29 human colorectal adenocarcinoma cells. Following 100 ng/ml EGF
induction, the cells were seeded in the upper chamber of a Transwell insert
and treated with 0.5, 1 or 2 uM of tetrandrine for 48 h to assess (A) cell
invasion and (B) migration. Data are expressed on the basis of basal cells rep-
resenting 100%. The results are expressed as the mean + standard deviation
of three independent experiments. ‘P<0.03, vs. basal cells; “P<0.05, vs. con-
trol (EGF only) cells. EGF, epidermal growth factor.
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Figure 2. Effects of tetrandrine on HT29 cell viability. The cells were
treated with or without 0.5, 1 and 2 M of tetrandrine following treatment
with 100 ng/ml EGF for 48 h. Cell viability was then determined using a
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide assay.
Data are expressed as the mean =+ standard deviation of three experiments.
EGF, epidermal growth factor.

2 uM of tetrandrine, and the gene expression levels of MMP-2
and MMP-9 were determined. The data demonstrated that
tetrandrine decreased the mRNA expression levels of MMP-2


https://www.spandidos-publications.com/10.3892/mmr.2015.4635

1006

A 160 4
140 ¢
120 4
100 - *
80
60
40 -
20 4

0-

EGF (100 ng/ml) — + 4 + +
Basal Control 0.5 1.0 2.0

MMP-2 activity (% of control)
*

Tetrandrine (uM)

B |6{|-
140 4
120 4
100 -
80 *
60 *
40 1
20 -
04

EGF (100 ng/ml) — + + -+ +=
Basal Control 0.5

MMP-9 activity (% of control)

Tetrandrine (pM)

Figure 3. Effects of tetrandrine on the activity of MMP-2 and MMP-9 in
EGF-induced HT29 cells. The cells were incubated with or without 0.5, 1
and 2 uM of tetrandrine for 48 h and then subjected to a gelatin zymography
assay. Quantitative results of (A) MMP-2 and (B) MMP-9 enzymatic activity
were determined and are expressed as the mean + standard deviation of
three independent experiments. “P<0.05, vs. control (EGF only) cells. MMP,
matrix metalloproteinase; EGF, epidermal growth factor.

(Fig. 4A) and MMP-9 (Fig. 4B) in a dose-dependent manner.
Based on these findings, it was inferred that the two gelatinases
(MMP-2 and MMP-9) contributed to EGF-induced invasion
and anti-metastatic effect of HT29 cells.

Tetrandrine inhibits the activation of EGFR.1tis well reported
that the activation of EGF and its cognate receptor, EGFR,
can modulate cell proliferation, survival, invasion and metas-
tasis through activating the autophosphorylation of EGFR
and stimulating PI3K/AKT and MAPKs signaling (2,3). In
the present study, the effects of tetrandrine on the activa-
tion (tyrosine phosphorylation) of EGFR were examined in
EGF-induced HT?29 cells. Tetrandrine at 0.5, 1 and 2 M led
to dose-dependent attenuation of the tyrosine phosphoryla-
tion of EGFR on the sites of Y845, Y992 and Y1068 in the
treated HT?29 cells (Fig. 5). The data indicated that tetran-
drine inhibited the activation of EGFR in EGF-induced
HT29 cells.

Tetrandrine retards the phosphorylation of PDKI, PI3K and
AKT in EGF-induced HT29 cells. To understand the mecha-
nism by which tetrandrine alters the downstream signaling,
the present study further examined the PI3K/AKT pathway.
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Figure 4. Effects of tetrandrine on the gene expression levels of (A) MMP-2
and (B) MMP-9 in HT29 cells following EGF stimulation. The cells were
pre-incubated with 100 ng/ml EGF and then exposed to 0.5, 1 and 2 uM of
tetrandrine for 24 h. Reverse transcription-quantitative polymerase chain
reaction analysis was performed using specific primers following total RNA
purification. All results are expressed as the mean + standard deviation of
three independent experiments. "P<0.05, vs. control (EGF only) cells. MMP,
matrix metalloproteinase; EGF, epidermal growth factor; RQ, relative quan-
tification.

The data demonstrated that tetrandrine (0.5, 1 and 2 uM)
decreased the protein phosphorylation of PDK1 and PI3K
(p85), and reduced the levels of p-AKT on S308 and S473
in the EGF-induced cells (Fig. 6). No effects on the protein
levels of PI3K and AKT were observed following tetrandrine
challenge. These findings showed that downregulation of
EGFR activation caused by tetrandrine treatment was medi-
ated through PI3K/AKT signaling in the EGF-induced HT29
cells.

Tetrandrine affects the MAPK/ERK pathway in EGF-induced
HT29 cells.In an attempt to determine the effects of tetrandrine
on downstream of EGFR activation, the MAPK (p38, JNK and
ERK) pathways were examined in the tetrandrine-exposed
cells. Tetrandrine at 0.5, 1 and 2 yM reduced the phosphoryla-
tion of ERK. However, no effects were observed on the protein
expression levels of the p38, JNK and ERK of the MAPK
signaling (Fig. 7), indicating that the MAPK/ERK signaling
pathway was suppressed by tetrandrine in the EGF-induced
HT?29 cells.
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Figure 5. Effects of tetrandrine on EGFR signaling in EGF-induced HT29
cells. Prior to 100 ng/ml EGF exposure, the cells were treated with or without
0.5, 1 and 2 uM of tetrandrine. After 48 h, the cell lysates were harvested and
subjected to western blot analysis. The protein expression levels of p-EGFR
(Y845), p-EGFR (Y992), p-EGFR (Y1068) and EGFR were determined and
adjusted for equivalent loading using the Actin antibody. EGF, epidermal
growth factor; p-EGFR, phosphorylated EGFR.
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Figure 6. Effects of tetrandrine on the PI3K/AKT pathway in EGF-stimulated
HT?29 cells. Following stimulation with 100 ng/ml EGF, the cells were treated
with 0.5, 1 and 2 uM of tetrandrine for 48 h, and cell lysates were subjected to
western blotting for detection of the protein levels of p-PDKI1, p-PI3K (p85),
PI3K, p-AKT (S308), p-AKT (S473) and AKT. Each band was normalized to
Actin. EGF, epidermal growth factor; PI3K, phosphatidylinositol 3-kinase;
PDKI, phosphoinositide-dependent kinase 1; p-, phosphorylated.

Discussion

Colorectal cancer is the third most common cause of
cancer-associated mortality (4,5), and selectively targeting the
tumor offers a novel strategy for developing novel colorectal
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Figure 7. Effects of tetrandrine on the MAPK pathway in HT29 cells fol-
lowing EGF-induction. The cells, which were pretreated with or without
100 ng/ml EGF, were treated with 0.5, 1 and 2 uM of tetrandrine for 48 h
and lysed prior to immunoblotting. The whole-cell lysates were examined
to determine the expression levels of p-ERK, ERK, p-JNK, JNK, p-p38
and p38. Actin served as an internal control. EGF, epidermal growth factor;
MAPK, mitogen-activated protein kinase; JNK, c-Jun N-terminal kinase; p-,
phosphorylated.

anticancer agents (15), as the treatment for colorectal cancer
remains unsatisfactory. It has been shown that tumor cell
apoptosis caused by tetrandrine exhibits inhibitory effects on
various types of tumor cell (24-29). The results of the present
study indicated that tetrandrine had no cytotoxic effect on the
HT?29 cells, however, the anti-metastatic effect of tetrandrine
on EGF-induced HT29 cancer cells was observed, and the
underlying molecular signaling was evaluated. Tetrandrine
treatment exerted an inhibitory effect of HT29 cell migration
and invasion in the EGF-induced HT?29 cells (Fig. 1). Based
on these findings, the present study is the first, to the best of
our knowledge, to report the effects of tetrandrine on human
colorectal cancer cells.

A study by Tsai ef al reported that the dysregulation of
EGFR was associated with colorectal cancer in Taiwan (41).
In addition, the expression levels of EGFR, HER2 and HER3
were determined in primary tumors of colorectal cancer cells,
and corresponded with lymph node metastases and liver metas-
tases (42,43). The dysregulation of human EGFR pathways by
the overexpression or constitutive activation promote s tumor
processes, angiogenesis and metastasis in several types of
human cancer (4-13). Previous studies have demonstrated that
tetrandrine inhibits cell metastasis in 4T'1 breast cancer cells (18)
and CT26 colorectal cancer cells in vivo (25). In the latter,
tetrandrine-treated BALB/c mice were found to exhibit fewer
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metastases, compared with vehicle-treated mice, and no acute
toxicity or marked changes in body weight were observed (25).
The results of the present study indicated that the EGF-induced
invasion of HT29 cells was suppressed by tetrandrine through
the inactivation of EGFR and downstream molecules, including
suppression of the phosphorylation cascade of PI3K, PDK1 and
AKT, and the reduction of p-ERK, which was in agreement
with a previous study on lung cancer cells (44).

MMP-2 and MMP-9 are responsible for degradation of the
extracellular matrix and facilitating the spread and metastasis
of tumor cells in colorectal cancer (39,40). In the present study,
tetrandrine suppressed the activities and mRNA expression
levels of MMP-2 and MMP-9 in the EGF-induced HT29 cells
(Figs. 3 and 4). Therefore, tetrandrine retarded the metastatic
effects of EGFR-overexpressed HT29 cells by reducing
MMP-2 and MMP-9, and the phosphorylation of EGFR.

The MAPK pathway is a major downstream signaling
regulated by EGFR (45). The present study also demonstrated
that the levels of p-ERK decreased following tetrandrine treat-
ment in the HT29 cells, which is contradictory to a previous
report (46). It has been reported that tetrandrine induces cell
autophagy through the activation of MAPK (47). However,
the in vitro system in the present study presented the possi-
bility of tetrandrine-triggered autophagy in addition to the
suppression of invasion and migration. The data of the present
study demonstrated that tetrandrine had inhibitory effects on
invasion and mobility in EGF-induced HT29 cells at 1-2 yuM
(Fig. 1). This evidence suggests that tetrandrine repressed the
invasion and metastasis of HT29 cells by activating MAPK
and downstream signaling to drive the expression of specific
genes. However, it is necessary to be elucidated for the further
detailed mechanism in tetrandrine-treated colon cancer cells
in vitro.

Taken together, the present study demonstrated that
tetrandrine is a promising chemotherapeutic agent with
anti-metastatic effects, including the inhibition of migration
and invasion, in HT29 human colorectal cancer cells. These
findings suggest that tetrandrine may be a potential candidate
for the treatment of human colorectal cancer.
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