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Introduction: Patients with colorectal cancer (CRC) often develop distant metastases,
which significantly reduces the 5-year survival rate. Epithelial-mesenchymal transition
(EMT) is a crucial process for the invasion and metastasis of cancer cells. Tetrandrine has
been reported to inhibit the viability and EMT of CRC cells; however, to the best of our
knowledge, the molecular mechanism remains undetermined.

Methods: The MTT assay was used to determine HCT116 cell viability. Wound healing and
Transwell assays were used to determine that cell migration and invasion, respectively.
Western blotting analysis was performed to detect the expression of migration-related
genes. Four different lengths of the E-cadherin gene promoter were constructed and cloned
into pGL3 reporter plasmids to evaluate E-cadherin gene promoter activity.

Results: The results of the MTT assay revealed that tetrandrine inhibited HCT116 cell
viability, with an ICsq value of 7.2 uM following 24 h of treatment. Tetrandrine inhibited IL-
6-induced cell migration and invasion, respectively. Tetrandrine regulates the expression of
migration-related genes in IL-6-stimulated HCT116 cells. Tetrandrine significantly down-
regulated the expression and enzyme activity of MMP-2 in IL-6-stimulated HCT116 cells. In
addition, tetrandrine restored E-cadherin gene promoter activity.

Conclusion: The findings of the present study suggested that tetrandrine may inhibit EMT
in IL-6-stimulated HCT116 cells; therefore, it may represent a potential drug for CRC.
Keywords: tetrandrine, IL-6, epithelial-mesenchymal transition, colorectal cancer

Introduction
The formation of tumors is caused by abnormal cell growth and division. Malignant
tumors are characterized by rapid proliferation, and are highly invasive and meta-
static. Cancer cell invasion and migration occur as a consequence of epithelial-
mesenchymal transition (EMT)" and not as a random event.> The communication
between cancer cells and cells in the microenvironment has been suggested to
promote cancer progression and metastasis, which is associated with a poorer
prognosis for patients.* Cells interact with each other by secreting hormones,
chemokines and hydrolytic enzymes. Cancer-associated fibroblasts were found to
secrete IL-6 to promote the metastasis of gastric cancer cells.” Therefore, determin-
ing the mechanisms underlying the crosstalk between cancer cells and the surround-
ing microenvironment has become an important topic in cancer treatment research.
E-cadherin is a 120-kDa glycoprotein located on chromosome 16q22.1 and is

an important adhesion molecule found between epithelial cells, where it regulates
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cell morphology, migration and adhesion.® The Therefore, it is crucial to identify effective methods for the
E-cadherin protein has extracellular, transmembrane and  prevention and treatment of metastatic CRC.

intracellular domains. The intracellular domain of Tetrandrine is a type of bisbenzylisoquinoline alkaloid

E-cadherin is bonded by a-catenin and B-catenin or y-
catenin, and connects with the actin cytoskeleton to main-
tain cell-to-cell adhesion.”® The expression status of
E-cadherin has often been regarded as an important indi-
cator of cancer cell metastasis.” Once cells are metastatic,
the expression levels of E-cadherin were found to be
downregulated.'® The E-cadherin promoter contains
numerous putative transcription factor binding sites,
including the enhancer box (E-box), of which the DNA
sequence is CANNTG (N represents any base). Several
transcription factors, such as snail family transcriptional
repressor 1 (SNAIL),"" snail family transcriptional repres-
sor 2,'% zinc finger E-box binding homeobox (ZEB)I,
ZEB2' and twist family bHLH transcription factor 1
(Twist1),"* were discovered to interact with the E-box to
repress E-cadherin transcription. The downregulation of
E-cadherin expression levels was reported to trigger the
metastasis of cancer cells. Therefore, determining novel
methods to regulate the interaction between the
E-cadherin gene promoter and transcription factors is an
important focus of research in the study of cancer cell
metastasis.

Colorectal cancer (CRC) is one of the most common
types of cancer and its incidence continues to increase
annually. Familial adenomatous polyposis is a genetic con-
dition caused by defects in the adenomatous polyposis coli
(APC) gene, that cause abnormalities in the regulation of
the downstream Wnt signaling pathway are risk factors for
CRC." CRC is also caused by a multistep series of gene
mutations, including the overactivation of oncogenes such
as Ras, Src and Myc, and the inactivation of tumor sup-
pressor genes, such as p53 and APC.'® Environmental
factors have also been discovered to be risk factors for
CRC; for example, poor dietary and lifestyle habits, such
as smoking, alcohol abuse and excessive intake of red
meat and processed foods, have also been reported to
cause genetic abnormalities and eventually lead to the
formation of CRC.'"-'*

The current treatment methods for CRC include surgery,
radiation therapy, chemotherapy and targeted therapy. The
early diagnosis of CRC and the subsequent treatment with
surgery and drug supplementation was shown to be benefi-
cial to the outcome of patients. However, the prognosis of

patients with metastatic CRC was significantly worse.'?

extracted from the roots of Stephaniae tetrandrae.*
Tetrandrine has been used as an anti-inflammatory”' and
anti-hypertensive agent,”> and was also found to protect
the heart™ and regulate pulmonary blood vessel and airway
smooth muscle contraction.** Tetrandrine is currently used
in the clinic to treat patients with silicosis, rheumatoid
arthritis and pulmonary hypertension.?>*® Recently, numer-
ous studies have demonstrated that tetrandrine exerted antic-
ancer effects. For example, tetrandrine inhibited the
proliferation and angiogenesis of glioma cells in rats*’ and
promoted the apoptosis of oral cancer cells via inhibiting
autophagy to promote energy deficiency.”® In addition, tet-
randrine reversed the metastasis of bladder cancer cells by
downregulating the expression of GLI family zinc finger 1%
Notably, tetrandrine has been suggested to represent
a potential therapeutic agent in numerous types of cancer.
Furthermore, a previous study has indicated that tetrandrine
may be relatively non-toxic to the human body.*® Thus, we
hypothesized that tetrandrine may represent a potential novel
anticancer drug, which may be due to its ability to regulate
cancer cell metastasis. The present study aimed to investi-
gate the efficacy of tetrandrine in CRC metastasis. In addi-
the study
mechanisms underlying the anti-CRC effects of tetrandrine

tion, sought to determine the molecular

in an IL-6-stimulated tumor environment.

Materials and Methods

Chemicals and Reagents

Tetrandrine, IL-6, MTT, crystal violet and gelatin were
obtained from Sigma-Aldrich; Merck KGaA. DMEM, cos-
mic calf serum (CCS), penicillin, streptomycin, trypsin-
EDTA and Opti-MEM™ [ Reduced Serum medium were
purchased from Gibco; Thermo Fisher Scientific, Inc.
Primary antibodies against E-cadherin and FOXAI, and
HRP-conjugated secondary antibodies were obtained from
Cell Signaling Technology, Inc. The anti-phosphorylated
(p)-STAT3 primary antibody was obtained from Santa
Cruz Biotechnology, Inc. and the anti-ZEB1 primary anti-
body and ECL reagent were obtained from GeneTex, Inc.
PVDF membranes were obtained from MilliporeSigma.

Cell Lines and Culture
The HCT116 human CRC cell line was obtained from the
American Type Culture Collection. Cells were cultured in
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DMEM supplemented with 10% CCS, 100 U/mL penicil-
lin and 100 pg/mL streptomycin, and maintained in
a humidified environment with 5% CO, at 37°C.

Cell Viability Assay

Cell viability was assessed using an MTT assay, as pre-
viously described.®' Briefly, 8x10° HCT116 cells/well
(Thermo  Fisher
Scientific, Inc.), allowed to attach overnight and then
treated with 1.25, 2.5, 5, 7.5 or 10 uM tetrandrine for 24
h. Following the incubation, MTT (0.5 mg/mL) was added
to each well and incubated for 3 h. The supernatant was

were seeded into 96-well plates

subsequently discarded and DMSO was added to each well
to dissolve the formazan crystals. The absorbance was
measured at a wavelength of 570 nm using an ELISA
reader; the absorbance of the control cells was set to
100% and each experimental group (six replicate wells/
concentration) was normalized to the control group. At
least four independent experiments were performed.

Wound Healing Assay

A total of 1x10° HCT116 cells/well were seeded into both
sides of a culture insert (Ibidi GmbH) in 6-well plates
(which was used to create a 500-pm diameter gap between
the cells in the well), then cultured with 70 uL. DMEM
supplemented with 10% CCS at 37°C overnight. After the
cells had attached to the surface of the plates, the inserts
were gently removed and the cells were incubated in 2 mL
DMEM supplemented with 1% CCS, 0, 1.25, 2.5 or 5 uM
tetrandrine and 50 ng/mL IL-6. Images of the cells in the
wounded monolayer were captured at 0 and 24 h, and the
cell migration percentage was determined by measuring
the gap sizes in three fields of view under a light micro-
scope (Leica GmbH; magnification, x100). The migratory
distance was semi-quantitatively analyzed using Imagel]
software 1.51u (National Institutes of Health).*

Transwell Migration and Invasion Assays

The upper chambers of 24-well Transwell plates (Costar;
Corning, Inc.) were precoated with or without Matrigel for
the invasion and migration assays, respectively.” Briefly,
1x10° cells were seeded into the upper chambers of the
plates and cultured with DMEM supplemented with 1%
CCS, 0, 1.25, 2.5 or 5 uM tetrandrine and 50 ng/mL IL-6
for 24 h at 37°C. DMEM supplemented with 10% CCS
was plated into the lower chambers. Following the incuba-
tion, the non-migratory or -invasive cells remaining in the
upper chambers were removed using a cotton swab, while

the cells in the lower chambers were fixed with cold
methanol, stained with 0.5% crystal violet for 1 h at
room temperature and then visualized using a light micro-
scope (Leica GmbH; magnification, x100). The migratory
or invasive cells were semi-quantified using ImagelJ soft-
ware 1.51u.

Gelatin Zymography Assay

A total of 8x10° HCT116 cells were seeded into 24-well
plates and allowed to attach overnight. The medium was
subsequently changed to serum-free medium containing 0,
1.25, 2.5 or 5 uM tetrandrine and 50 ng/mL IL-6, and cells
were incubated for a further 24 h at 37°C prior to collec-
tion of the conditioned media. MMP-2 enzyme activity
was determined using gelatin zymography, as previously
described.*® Briefly, 2 mg/mL conditioned media was
loaded onto SDS-PAGE gels polymerized with gelatin.
After electrophoresis, the gels were renatured in 2.5%
Triton X-100, then incubated in developing buffer
[0.05M Tris-HCI (pH 7.6), 0.05M NaCl, 0.01M CaCl,
and 0.05% Brij 35] overnight at 37°C. The gels were
subsequently stained with Coomassie brilliant blue R-250
solution and the gelatinase activity of MMP-2 was visua-
lized as transparent bands on a blue background. The band
intensity was quantified using ImageJ software 1.51u.

Reverse Transcription-Quantitative PCR
(RT-gPCR)

Total RNA was extracted from HCT116 cells using
REzol™ C&T reagent (PROtech Technologies, Inc.)
and RT-qPCR was performed as previously described.>*
Briefly, RNA samples were adjusted to a concentration of
50 ng/mL and mixed with 10 uM forward primer, 10 pM
reverse primer and reagents contained within the One
Step SYBR® PrimeScript™ RT-PCR Kit II; the total
volume of the positive and negative primers and the
master mix was 15 pL. The following primer sequences
were used for the qPCR: B-actin forward, 5-CCAA
CCGCGAGAAGATGA-3' and reverse, 5'-TCCATCAC
GATGCCAGTG-3"; twistl forward, 5'-ACGCTGCCCT
CGGACAA-3' and reverse, 5'-TCGCTCTGGAGGACCT
GGTA-3’; SNAIL forward, 5'-CCCAATCGGAAGCCT
AACTACA-3' and reverse, 5'-GGGCTGCTGGAAGGT
AAACTCT-3'; ZEB1 forward, 5'-CACCATCCCCATCA
CCTCTAAA-3' and reverse, 5'- GCACCCTCAGCTGT
GTACAAGTAA-3'; MMP-2 forward, 5-GCGGCGGT
CACAGCTACTT-3' and reverse, 5-TTCACGCTCTTC
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AGACTTTGGTT-3’; heat shock protein 90 (HSP90) B
family member 1 (HSP90B1) forward, 5-CAGTTTGG
TGTCGGTTTCTATTCC-3' and reverse, 5'-CTGGGTAT
CGTTGTTGTGTTTTGA-3'; forkhead box Al (FOXAT1)
5'-CTCTAGGCAGCGCCTCGGTGA-3" and
reverse, 5-CAGCATGGCTATGCCAGACAAACCC-3/;
and E-cadherin forward, 5'-ACGCATTGCCACATACAC
TCTCT-3' and reverse, 5'- CCATTGGATCCTCAACTG
CATT-3".

forward,

Dual Luciferase Reporter Assay

The indicated DNA was transfected into HCT116 cells for
24 h. Following transfection, the cells were treated with 0,
1.25, 2.5 or 5 uM tetrandrine and 50 ng/mL IL-6 for
another 24 h. Cells were subsequently harvested and
lysed with PLB lysis buffer (from the Dual Luciferase
Reporter assay kit; Promega Corporation), according to
the manufacturer’s protocol. To detect the firefly luciferase
activity, 100 pL Luciferase assay buffer II was added to
the cell lysate, which was subsequently mixed with 100 pL
Stop and Glo buffer to measure the Renilla luciferase
activity. To calculate the relative luciferase activity, the
firefly luciferase activity was normalized to the Renilla
luciferase activity, then normalized to the control sample
(pGL3 sample).

Western Blotting

HCT116 cells were treated with 0, 1.25, 2.5 or 5 uM
tetrandrine and 50 ng/mL IL-6 for 24 h at 37°C. Total
protein was quantified and 100 pg protein/lane was sepa-
rated via 10% SDS-PAGE. The separated protein samples
were subsequently transferred onto PVDF membranes
and blocked with 5% non-fat milk. The membranes
were then incubated with the following primary antibo-
dies: Anti-E-cadherin, anti-FOXAT1, anti-p-STAT3, anti-
ZEBI and anti-GAPDH (GeneTex, Inc.). Following the
primary antibody incubation, the membranes were incu-
bated with anti-rabbit or anti-mouse HRP-conjugated
secondary antibodies (1: 7000 dilution) for 1 h at room
temperature. Protein bands were visualized using ECL
reagents and semi-quantified using Image] software
1.51u.

Statistical Analysis

Prism 7 was used for graphing and analyzing data. Data
are presented as the mean + SD of at least three inde-
pendent experiments. Significant differences between

groups were determined using a Student’s t-test.

*P<0.05 was considered to indicate a statistically sig-
nificant difference.

Results
Tetrandrine Inhibits the Viability of
HCT116 Cells

The inhibitory effect of tetrandrine on the viability of
HCT116 cells was analyzed using an MTT assay. Cells
were cultured and treated with 0, 1.25, 2.5, 5, 7.5 or 10 uyM
tetrandrine for 24 h. Following the treatment, the morphol-
ogy of the cells was altered and had become round
(Figure 1A). The viability of HCT116 cells was signifi-
cantly blocked by tetrandrine at concentrations of >2.5
pM, and the ICsy value of tetrandrine was found to be
7.2 uM (Figure 1B). These data suggested that <7.2 uM
tetrandrine should be used in the subsequent experiments.

Tetrandrine Exerts No Significant Effect
on the Migration of HCT 16 Cells

A previous study demonstrated that tetrandrine inhibited
the metastasis of cancer cells.®> In the present study,
wound healing assays were performed to determine
whether tetrandrine inhibited the migration of HCT116
cells. Cells were supplemented with 1% CCS and treated
with 0, 1.25, 2.5 or 5 uM tetrandrine for 24 h. Tetrandrine
exerted no significant effect on the migration of HCT116
cells compared with the control cells (Figure 2A and B).

Tetrandrine Significantly Inhibits Migration
and Invasion in IL-6-Stimulated HCT 116
Cells

In the tumor microenvironment, some cytokines, such as
IL-6, are
behaviors.*® IL-6 was discovered to enhance the migration

secreted and alter the neighboring cell

and invasion of cancer cells.*” To determine whether tet-
randrine inhibited IL-6-induced cell migration, wound
healing assays were performed. Following stimulation
with 50 ng/mL IL-6, HCT116 cell migration was increased
from 23% to 54%, while it was reduced from 54% to 35%
by tetrandrine treatment, compared with the control cells
(Figure 2C and D). In addition, Transwell assays were
inhibited IL-
6-induced cell migration and invasion. Following stimula-

used to determine whether tetrandrine

tion with 50 ng/mL IL-6, a 1.7-fold increase was detected
in both HCT116 cell migration and invasion. Cell migra-
tion was reduced from 1.7-fold to 0.8-fold and invasion
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Figure | Tetrandrine inhibits the survival of HCTI 16 cells. (A) Morphology of HCTI16 cells was analyzed following the treatment with different concentrations of
tetrandrine (as indicated) for 24 h. (B) Following the treatment with different concentrations of tetrandrine for 24 h, HCT| 16 cell proliferation was analyzed using an MTT
assay. The ICs value of tetrandrine was found to be 7.2 pM. The results were obtained from at least three independent experiments and the data are presented as the mean

+ SD. *P<0.05, *P<0.01, ***P<0.00| vs control.

was reduced from 1.7-fold to 1.2-fold at 5 uM tetrandrine
treatment compared with the control cells, respectively
(Figure 3A—C).

Tetrandrine Regulates the Expression of

Metastasis-Related Genes

Tetrandrine was reported to downregulate the expres-
sion of metastasis-related proteins in cancer cells.”’
The expression of E-cadherin is often recognized as
an important hallmark of cancer cell metastasis.’®
Positive regulators, such as FOXAI1, were found to
upregulate E-cadherin expression, while negative reg-
ulators, such as ZEB1, SNAIL and twistl, downregu-
lated E-cadherin expression. RT-qPCR was used to
investigate whether tetrandrine affected the mRNA
expression levels of E-cadherin, FOXA1 and ZEBI1 in
IL-6-induced HCT116 cells. As shown in Figure 4A,
tetrandrine significantly upregulated the expression
levels of E-cadherin and FOXAI1. Conversely, the

expression levels of ZEB1 were downregulated, and
the expression levels of SNAIL and twistl were
slightly altered by tetrandrine. Western blotting was
used to further determine whether tetrandrine affected
the protein expression levels of E-cadherin, FOXALl
and ZEBI1 in IL-6-induced HCT116 cells. The data
revealed that tetrandrine significantly upregulated the
of E-cadherin and FOXAI.
Conversely, tetrandrine downregulated the expression

expression levels
levels of p-STAT3, which led to the downregulation
of ZEBI expression (Figure 4B and C).

Promoter Activity of E-Cadherin is

Regulated by Tetrandrine

Negative regulators, such as SNAIL,*’ twis*® and
ZEBI1," were found to bind to E-box, and several E-box
DNA sequences are located in the promoter of E-cadherin.
The four major E-box binding sites of E-cadherin are
located at —926/-921, —642/-637, —466/-461 and —294/-
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Figure 2 Tetrandrine inhibit the migration of HCTI 16 cells. (A) Following treatment with different concentrations of tetrandrine (as indicated) for 24 h, the migration of
HCT116 cells was evaluated using a wound healing assay. (B) Semi-quantification of migration from part (A). (C) Following stimulation with 50 ng/mL IL-6 and treatment
with different concentrations of tetrandrine (as indicated) for 24 h, the migration of HCT| 16 cells was evaluated using a wound healing assay. (D) Semi-quantification of
migration from part (C). The results were from at least three independent experiments and the data are presented as the mean * SD. *P<0.05, **P<0.01 vs control.
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Figure 3 Tetrandrine inhibits the migration and invasion of IL-6-stimulated HCTI16 cells. (A) Following stimulation with 50 ng/mL IL-6 and treatment with different
concentrations of tetrandrine (as indicated) for 24 h, the migration and invasion of HCT | 16 cells were evaluated using Transwell assays. (B) Semi-quantification of migration
from part (A). (C) Semi-quantification of invasion from part (A). The results were obtained from at least three independent experiments and the data are presented as the

mean % SD. *P<0.05 vs control, "P<0.05 vs control and *P<0.01 vs control.

289. Four different lengths of the E-cadherin promoter
were constructed and shown in Figure 5A. To determine
which E-box was important for the activity of the
E-cadherin promoter, a dual luciferase reporter assay
was performed. The results revealed that the promoter
activity of P3 was significantly 3-fold lower than that of
P2, while the promoter activity of P4 was significantly
2.5-fold higher than that of P3, which indicated that E-box
3 may be the key target to regulate E-cadherin in HCT116
cells (Figure 5A). To determine the importance of E-box 3
for the regulation of E-cadherin, an E-box 3 mutant, P3.1,
demonstrated that the
E-cadherin promoter activity was significantly increased

was constructed. The results

in the mutant, P3.1, which suggested that E-box 3 may
play a vital role in regulating E-cadherin expression
(Figure 5A).

To investigate whether tetrandrine reverted the activity
of the P3 promoter in IL-6-induced HCT116 cells, the P3
promoter was transfected into HCT116 cells for 24 h,
followed by IL-6 induction and tetrandrine treatment as
indicated for another 24 h. The results found that the P3
promoter activity was in a 0.2-fold increase after cells

were treated with either 2.5 or 5 uM tetrandrine
(Figure 5B).

Tetrandrine Downregulates MMP-2
Expression and Enzyme Activity in
IL-6-Stimulated HCT 116 Cells

MMPs have been discovered to play an important role in
cancer progression and metastasis.*' In CRC, the upregu-
lation of MMP-2 expression levels was found to be asso-
ciated with a poor prognosis.** To determine whether
tetrandrine affected the enzyme activity and expression
of MMP-2 in IL-6-stimulated HCTI116
a zymography assay and RT-qPCR were performed. The

cells,

enzyme activity of MMP-2 significantly inhibited from
1.4-fold to 0.8-fold at 5 pM tetrandrine treatment in IL-
6-stimulated HCT116 cells, as determined using the zymo-
graphy assay (Figure 6A and B). The o and B subtypes of
HSP90 were previously discovered to assist MMP-2 acti-
vation, thereby promoting cancer cell invasion.*’ To
further verify the mechanism of MMP-2 activation in the
present study, RT-qPCR was used to examine the expres-
sion levels of MMP-2 and HSP90B1 in IL-6-stimulated

OncoTargets and Therapy 2021:14

4529

Dove:


https://www.dovepress.com
https://www.dovepress.com

Tsai et al Dove
A3
3
£ M Tet0
@ * M IL6+Tet0
g M IL6 + Tet2.5
) ILG + Tet 5
<
Z C
E —_—
@ s
= O
] <
& cdhl zeb1 snail twistl foxat 5 W Tet0
H M IL6 + Tet 0
B Tetrandrine (uM) % B L6 + Tet 1.25
0 0 125 25 5 2
IL6 (50 ng/mL) -+ o+ * + § IL6 + Tet 2.5
E-cadherin | s i il s 5 M IL6 + Tet5
()
FOXAT | s o o s S| 2
- s
p-STAT3Wr705 P ——— =
[ o T d B

ZEB1

™0 TP

GAPDH

Figure 4 Tetrandrine regulates the expression of migration-related genes in IL-6-stimulated HCT 116 cells. (A) Expression levels of migration-related genes (E-cadherin,
ZEBI, SNAIL, twistl and FOXAI) in IL-6-stimulated HCT1 16 cells with or without tetrandrine treatment were assessed using reverse transcription-quantitative PCR.
GAPDH was used as the internal control. (B) Expression levels of migration-related proteins (E-cadherin, FOXAI, p-STAT3 and ZEBI) in IL-6-stimulated HCT 116 cells with
or without tetrandrine treatment were analyzed using Western blotting. GAPDH was used as the internal loading control. (C) Semi-quantitative analysis of part (B). The
results were obtained from at least three independent experiments and the data are presented as the mean +SD. #P<0.05, *P<0.01 and ##P<0.001 vs control. *P<0.05,
**P<0.01, *¥*P<0.001 vs control.

Abbreviations: ZEBI, zinc finger E-box binding homeobox |; SNAIL, snail family transcriptional repressor I; twistl, twist family bHLH transcription factor |; FOXAI,

forkhead box Al; p-, phosphorylated.

HCT116 cells. The results showed that tetrandrine signifi-
cantly downregulated the mRNA expression levels of
MMP-2 and HSP90B1 (Figure 6C). These findings sug-
gested that tetrandrine may downregulate MMP-2 enzyme
activity by downregulating HSP90B1 gene expression.

Discussion
In recent years, safety concerns regarding the association
between certain foods and the occurrence of CRC have
been raised. Surgery and chemotherapy are common meth-
ods for the treatment of early CRC. However, if CRC
metastasizes or progresses to stage IV, the disease is diffi-
cult to cure. Although chemotherapy drugs commonly
used in the clinic prolong survival, the side effects of the
drugs often cause severe discomfort to the patients.
Therefore, it remains an urgent priority to identify drugs
that can effectively inhibit the metastasis of CRC and have
a tolerable side effect profile.

Natural extracts have been found to inhibit the pro-
liferation, survival and metastasis of cancer cells. For
curcumin

example, inhibited the proliferation and

metastasis of oral cancer cells.** Tetrandrine, an alkaloid
extracted from the root of Stephania tetrandra, is com-
monly used in the treatment of rheumatoid arthritis. The
side effects of tetrandrine are mild nausea and upper
abdominal discomfort. Tetrandrine caused cell cycle
arrest and inhibited proliferation in colon cancer cells
in vitro.*®™*® In addition, tetrandrine induced apoptosis
in vitro and in vivo.**° A previous study reported that
tetrandrine inhibited the metastasis of CRC;>' however,
to the best of our knowledge, the molecular mechanism
has yet to be investigated. The two-way communication
between cancer cells and the tumor microenvironment
was found to regulate cell proliferation and metastasis.>
In the tumor microenvironment, cells secrete cytokines
and chemotactic molecules to influence each other,
which enhances cancer cell metastasis. IL-6 was discov-
ered to promote the metastasis of a variety of cancer cell
types. In fact, the poor prognosis of patients with CRC
in the clinic was found to be associated with the high
activity of IL-6.>* The present study used HCT116 CRC
cells, which have a low migratory ability, to demonstrate
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Figure 5 Tetrandrine restores the P3 promoter activity of E-cadherin in IL-6-stimulated HCT 116 cells. (A) The four major E-box binding sites of E-cadherin are located at
—926/-921, —642/-637, —466/-46| and —294/-289. Different lengths of the E-cadherin promoter were constructed and cloned into a pGL3-basic vector. E-box 3 mutant, P3.1,
was also constructed. A variety of constructs were transfected into HCT 116 cells for 48 h, and the cells were harvested for analysis of promoter activity using a dual
luciferase reporter assay. (B) E-box 3, P3, was transfected into HCT 116 cells for 24 h, and the cells were subsequently stimulated with 50 ng/mL IL-6 and treated with 0,
1.25, 2.5 or 5 uM tetrandrine. Cells were harvested for analysis of promoter activity using a dual luciferase reporter assay. The results were obtained from at least three
independent experiments and the data are presented as the mean * SD. *P<0.05, **P<0.01, vs control; #P<0.05, ###p<0.001 vs control, ns- not significant.

Abbreviation: E-box, enhancer box.

that tetrandrine could regulate the IL-6-induced molecu-
lar mechanism of CRC cell metastasis.

The effect of tetrandrine on the viability of HCT116
cells was evaluated using an MTT assay. The present
results revealed that 7.2 uM tetrandrine reduced the
survival rate of HCT116 cells to 50%, and 1.25, 2.5
and 5 pM tetrandrine induced slight morphological
changes in HCTI116 cells. Previous studies have shown
that low concentrations of tetrandrine have no signifi-
cant toxic effect on normal cells. For example, 615 uM
tetrandrine did not cause apoptosis in MCF-10A breast
epithelial cells. In addition, 30 pM tetrandrine only
induced death in 2.9-9.5% of PWR-1E normal prostate
epithelial cells.>® The present study selected tetrandrine
doses of 1.25, 2.5 and 5 pM to treat HCT116 cells in

experiments investigating metastasis-related functions.
Previous study demonstrated tetrandrine inhibited pul-
monary metastases in animal study.’> In the future,
further investigation should be performed to explore
the toxic effects of tetrandrine on normal colonic cells
and in vivo animal study.

To examine whether tetrandrine affected the migration
and invasion of HCTI116 cells, wound healing and
Transwell assays, respectively, were used. Tetrandrine
slightly inhibited the migration of HCT116 cells, while
IL-6 increased HCT116 cell migration. In addition, the
results of the Transwell assays further demonstrated that
tetrandrine significantly inhibited the migration and inva-
sion of IL-6-stimulated HCT116 cells. These results sug-
gested that tetrandrine may have the potential to inhibit the
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Figure 6 Tetrandrine significantly inhibits MMP-2 enzyme activity in IL-6-stimulated HCT| 16 cells. (A) HCTI16 cells were treated with 0, .25, 2.5 or 5 pM tetrandrine in
the absence or presence of IL-6 for 24 h. Culture media was harvested and MMP enzyme activity was analyzed using a zymography assay. (B) Quantitative analysis of part (A)
is presented. (C) HCT 116 cells were treated with 0, 1.25, 2.5 or 5 uM tetrandrine in the absence or presence of IL-6 for 24 h. Cells were harvested and the expression
levels of MMP-2 and HSP90B| were analyzed using reverse transcription-quantitative PCR. The results were obtained from four independent experiments and the data are
presented as the mean % SD. *P<0.05, **P<0.01 vs control; *P<0.01, ##P<0.001 vs control.

Abbreviation: HSP90BI, heat shock protein 90  family member 1.

migration and invasion of cancer cells influenced by the
tumor microenvironment.

EMT is an important process required for the metas-
tasis of numerous types of cancer cell. When cancer cells
change from an epithelial to a mesenchymal phenotype,
they are often accompanied by changes in the expression
of several proteins; for example, E-cadherin can be used
as an indicator protein of EMT. The downregulation of
E-cadherin expression was found to play an important
role in the induction of cancer cell metastasis.’® The
expression levels of E-cadherin are related to the interac-
tion between the E-cadherin promoter and transcription
factors and a number of negative and positive regulators
will affect E-cadherin transcription. For example, the
E-boxes in the E-cadherin promoter are the binding
sites of negative regulators, such as ZEBI1, Twistl and
SNAIL, and the interaction between negative regulators
and the E-box was reported to downregulate E-cadherin
transcription.”” Conversely, the interaction between
positive regulators, such as FOXAl (HNF3a), and
the promoter upregulated E-cadherin
transcription.® In the present study, RT-qPCR and
Western blotting data revealed that the mRNA and

E-cadherin

protein expression levels, respectively, of E-cadherin
and FOXAl were downregulated in IL-6-stimulated
HCT116 cells, while the mRNA and protein expression
levels of E-cadherin and FOXA1 were upregulated fol-
lowing the treatment with tetrandrine. In addition, the
mRNA and protein expression levels of ZEB1 were upre-
gulated in IL-6-stimulated HCT116 cells, while the
mRNA and protein expression levels of ZEB1 were
downregulated following the treatment with tetrandrine.
Moreover, no significant changes were observed in the
mRNA and protein expression levels of SNAIL and
twistl in the IL-6-stimulated and tetrandrine-treated
HCT116 cells. STAT3 is induced by IL-6. The phosphor-
ylation of STAT3 at tyrosine 705 (STAT3™"7°%) enables it
to enter the nucleus and trigger downstream gene tran-
scription. p-STAT3™7% interacts with ZEB1 and binds
to the promoter of E-cadherin, which results in the upre-
gulation of E-cadherin expression.’® The Western blot-
ting data of the present study further demonstrated that
the expression levels of p-STAT3™7% and ZEB1 were
Tetrandrine upregulated FOXAI
levels and downregulate the expression levels of p--
STAT3™7% " which resulted in the downregulated

similar. expression
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Figure 7 Schematic diagram of the mechanism of action of tetrandrine in IL-6-stimulated HCT116 cells. HCT116 cells were stimulated with IL-6 and treated with
tetrandrine. FOXA| expression levels were upregulated and ZEB| expression levels were downregulated via the inhibition of p-STAT3™"7%, which led to the recovery of
E-cadherin expression and the inhibition of cell migration. In addition, tetrandrine downregulated the expression of p-STAT3""7% and HSP90BI, resulting in the
downregulation of MMP-2 expression and enzyme activity. The experimental results suggested that tetrandrine may inhibit IL-6-induced HCT 116 cell metastasis.
Abbreviations: FOXAI, forkhead box Al; p-, phosphorylated; Tyr705, tyrosine 705; HSP90BI, heat shock protein 90 f3 family member |.

expression of ZEBI1 and ultimately, the upregulation of
E-cadherin expression and inhibition of cancer metastasis
(Figure 7).

E-cadherin expression is an important hallmark of cancer
cell metastasis. E-box regulatory elements of the E-cadherin
promoter interact with negative regulators, which was dis-
covered to result in downregulated E-cadherin expression
and the induction of cancer cell metastasis. The four E-boxes
of the E-cadherin promoter are located at —926/-921, —642/-
637, —466/-461 and —294/-289. The present study investi-
gated the binding of the negative transcriptional regulator,
ZEBI1, to the E-box P3, located at —466/-461, which was
discovered to represses E-cadherin transcription. To charac-
terize the role of E-box P3, an E-box P3 mutant, denoted as
P3.1, was constructed. The results revealed that the binding
site of the negative regulators was E-box P3. Notably, tetran-
drine significantly increased the activity of the P3 promoter
in IL-6-stimulated HCT116 cells. Tetrandrine also down-
regulated the expression levels of ZEB1 and reactivated
the promoter of E-cadherin, which led to the reduction in
cancer metastasis.

MMPs are also important for the progression and metas-
tasis of cancers. The upregulated expression of MMP-2 and
MMP-9 was discovered to be associated with the poor
prognosis of patients with CRC.**% To determine whether

tetrandrine affected the expression and enzyme activity of
MMP-2 and MMP-9 in HCT116 cells, the present study
performed RT-qPCR and zymography assays. The results
revealed that tetrandrine significantly inhibited the enzyme
activity of MMP-2 in IL-6-stimulated HCT116 cells. It is the
consistent with the previous study in colon cancer SW620
cells.” However, the expression of MMP-9 is very low in
HCT116 cells; therefore, the current study was unable to
quantify the enzyme activity of MMP-9 in IL-6-stimulated
HCT116 cells, unlike a previous study.®’ The o and B sub-
types of HSP90 are known to activate MMP-2. In the current
study, tetrandrine was discovered to significantly downregu-
late MMP-2 and HSP90B1 mRNA expression levels in IL-
6-stimulated HCT116 cells. A previous study demonstrated
that MMP-2 was a target protein of STAT3 regulation;
p-STAT3 entered the nucleus and bound to the MMP-2
gene promoter, which upregulated MMP-2 expression.®* In
the present study, tetrandrine downregulated the expression
of p-STAT3™%% which resulted in the downregulation of
MMP-2 expression.

In conclusion, the findings of the present study suggested
that tetrandrine may inhibit IL-6-induced CRC metastasis;
however, the exact underlying mechanism of action requires
further investigations. For example, the interaction between
E-box P3 and ZEBI could be characterized using chromatin

OncoTargets and Therapy 2021:14

4533

Dove:


https://www.dovepress.com
https://www.dovepress.com

Tsai et al

Dove

immunoprecipitation assays and the tetrandrine-induced

inhibition of IL-6-induced CRC metastasis should be inves-

tigated in an in vivo mouse model.
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