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Abstract

Background Green tea is a popular beverage worldwide and epigallocatechin-3-gallate (EGCG) is the most bioactive
polyphenol in green tea. Our study aims to investigate the anti-proliferation and anti-migration effects of EGCG against
colorectal-cancer SW480, SW620, and LS411N cells, and elucidate the underlying mechanism.
Methods The in vitro anti-proliferation and anti-migration effects of EGCG against colon-cancer cells were evaluated using
MTT, scratch-wound-healing, and transwell-migration assays. The effects of EGCG on apoptosis were assessed by Annexin
V-FITC/PI double staining and JC-1 staining. Besides, Western blotting was employed to detect the protein-expression level
and elucidate the underlying pathways. Real-time qPCR and dual-luciferase reporter assay were adopted to determine the
mRNA level and promoter activity.
Results Our results demonstrated that treatment with EGCG resulted in significant inhibition of cell proliferation by the in-
duction of apoptosis. EGCG also inhibited SW480 cell migration in a dose-dependent manner as assessed by wound-healing
and transwell-migration assays. Western blot confirmed that EGCG induced apoptosis by the activation of Caspase-3 and
PARP. In addition, both STAT3 and phosphorylated STAT3 (p-STAT3) were downregulated significantly by EGCG in three se-
lected colorectal-cancer cell lines. EGCG treatment also resulted in a significant decrease in Bcl-2, MCL-1, and Vimentin, and
an increase in E-cadherin. When STAT3 was inhibited, EGCG showed no obvious effect on cell proliferation and migration.

Submitted: 13 January 2020; Revised: 19 August 2020; Accepted: 3 September 2020

VC The Author(s) 2020. Published by Oxford University Press and Sixth Affiliated Hospital of Sun Yat-sen University
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

59

Gastroenterology Report, 9(1), 2021, 59–70

doi: 10.1093/gastro/goaa072
Advance Access Publication Date: 3 December 2020
Original article

https://academic.oup.com/
https://academic.oup.com/


Further investigation by luciferase-reporter-activity assay showed that EGCG suppressed the promoter activity of STAT3
and downregulated the transcription of STAT3.
Conclusion Our study presents evidence on the anti-proliferation and anti-migration effects of EGCG against colorectal-
cancer SW480, SW620, and LS411N cells by downregulating the expression of STAT3 and suggests that EGCG could be an ef-
fective and natural supplement for colon-cancer treatment.
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Introduction

Despite significant advances in cancer research, cancer remains
a worldwide health problem, accounting for an estimated 9.6
million deaths in 2018. Colon cancer is one of the most malig-
nant types of cancer, which ranks second in the world for can-
cer deaths and caused 880,000 deaths in 2018. Worldwide,
colorectal cancer is the third most common type of cancer in
men and second most common in women, accounting for an
estimated 1.85 million new cases in 2018 [1]. Therefore, colon
cancer still takes a tremendous toll and novel therapeutic strat-
egies and more effective agents for advanced disease are still
needed.

Green tea, one of the most well-known beverages world-
wide, is obtained from the dried leaves of the plant Camellia
sinensis. Green tea contains >200 bioactive compounds, includ-
ing tea polyphenols, caffeine, theanine, vitamins, and minerals.
The largest and most active group of tea components is tea pol-
yphenols, including epicatechin, epicatechin gallate, epigalloca-
techin, and epigallocatechin gallate (EGCG) [2]. In our previous
studies, high-performance liquid-chromatography analysis
showed that EGCG was the most abundant ingredient in green-
tea water extracts [3]. EGCG is demonstrated to have various bi-
ological activities, including anti-obesity, anti-oxidation, and
anticancer effects [2]. Especially regarding anticancer effects, a
study stated that a number of pieced of literature have reported
the efficacy of EGCG in the prevention and treatment of differ-
ent kinds of cancers in clinical, in vivo, and in vitro studies [4]. A
clinical study indicated that EGCG could help in reducing the in-
cidence of patients with pre-adenocarcinoma [5]. In an animal
study, treatment with EGCG resulted in the inhibition of tumori-
genesis in gastrointestinal cancer, lung cancer, and prostate
cancer [6]. Our previous study also demonstrated that EGCG
was effective in the inhibition of bladder-cancer-cell prolifera-
tion and migration in mice bearing SW780 tumors by the down-
regulation of NF-jB and MMP-9 [7]. Besides, EGCG was also
shown to be effective in cell proliferation or apoptosis and regu-
lating cancer stem cells by interacting directly with Pin1, TGFR-
II, NF-jB, and metalloproteinases (mainly MMP2 and MMP9) [8].
Treatment with EGCG resulted in significant induction of apo-
ptosis in chronic myeloid leukemia, by regulating the JAK2/
STAT3/AKT-signaling pathway [9]. Recently, varieties of studies
have investigated the effects of EGCG in colon cancer. An in vivo
study showed that peracetylated-EGCG suppressed colitis and
colon tumorigenesis in mice [10]. EGCG in nanoparticle form
was effective at enhancing the anti-colon-cancer efficacy of 5-
fluorouracil with a better bioavailability and longer circulation
time in vivo [11]. In addition, in vitro studies have demonstrated
that EGCG inhibited cell growth and migration in colon-cancer
SW620, Caco-2, and SW480 cells, and downregulated EGFR-
expression levels [12–14]. However, few reports have evaluated
the anticancer effects and underlying mechanisms of EGCG in
primary colon-cancer SW480 cells and in metastatic colon-
cancer SW620 and LS411N cell lines.

During the process of cancer propagation, signaling and
transcriptional activation factor 3 (STAT3) play an important
role. STAT3, a membrane receptor-mediated nuclear transcrip-
tion factor ubiquitously expressed in cells and tissues, plays a
critical role in the regulation of cell differentiation, proliferation,
and metastasis [15]. Usually, STAT3 exists in the cytoplasm in a
dimerized form with peptide ligands. Once STAT3 is activated
by Janus kinase (JAK), it will convert into phosphorylated STAT3
(p-STAT3), thereby triggering dimerization, forming STAT3
dimers in the cytoplasm, and translocating from the cytoplasm
into the nucleus. Thus, STAT3 activates the transcription of tar-
get genes downstream, promotes cell-cycle progression, and
inhibits apoptosis and angiogenesis by regulating Bcl-2 family
members, MCL-1, etc. [16]. It is reported that cytokine receptors,
signaling pathways, and epigenetic regulators, could induce
STAT3 expression [17]. EGCG was demonstrated to be effective
in downregulating the expression of STAT3 in breast-cancer
stem-cell phenotype MDA-MB-231 cells and MCF7 cells [18].
Besides, EGCG was effective at eliminating the stem-like proper-
ties and enhancing the chemosensitivity in nasopharyngeal
carcinoma through the attenuation of STAT3 activation [19].
However, few reports have investigated the efficacy of EGCG on
STAT3 expression and clarified the underlying mechanisms
against primary and metastatic colon-cancer cells. Our study
showed that EGCG inhibited colon-cancer-cell proliferation and
migration in both primary SW480 cells and metastatic SW620
and LS411N cell lines by suppressing the promoter activity of
STAT3 and downregulating the transcription of STAT3.

In the present study, we investigated the anti-proliferation
and anti-migration effects of tea polyphenol EGCG in colorectal-
cancer SW480, SW620, and LS411N cell lines. Also, the role of
EGCG in different mechanisms of action was be discussed. Here,
we assessed the apoptosis-induction and anti-migration abili-
ties of EGCG in vitro and then further evaluated the protein-
expression level, especially STAT3 and p-STAT3 expression, af-
ter treatment with EGCG. In addition, the efficacy of EGCG on
STAT3 messenger RNA (mRNA) expression and STAT3 promoter
activity was also evaluated.

Material and methods
Cells and reagents

SW480, SW620, and LS411N colorectal-cancer cells were
obtained from American Type Culture Collection (Manassas,
VA, USA) and cultured in Dulbecco’s modified eagle medium
(DMEM; Gibco; Carlsbad, CA, USA) containing 10% v/v fetal bo-
vine serum (FBS) and 1% penicillin-streptomycin (Sigma; St.
Louis, MO, USA) at 37�C in a 5% CO2 humidified incubator. 3-
(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) was obtained from Sigma. An Annexin V-fluorescein iso-
thiocyanate/propidium iodide (Annexin V-FITC/PI) kit was pur-
chased from BD Pharmingen (Franklin Lakes, NJ, USA). 5,50,6,60-
Tetrachloro-1,10,3,30-tetraethylbenzimidazolylcarbocyanine
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iodide (JC-1) was obtained from Molecular Probes, Inc. (Eugene,
OR, USA). Transwell plates were obtained from Corning Inc.
(Corning, NY, USA). Caspase-3, PARP (9542S), Bcl-2 (2870S),
STAT3 (9139S), p-STAT3 (9145S), Bim (2819S), Bak (6947S), MCL-1
(4572S), E-cadherin (3195S), Vimentin (3932S), and b-actin were
purchased from Cell Signaling Technology (Boston, MA, USA).
Stattic, the STAT3 inhibitor, was obtained from Selleck
Chemicals (Houston, TX, USA).

Cell-viability assay

SW480, SW620, and LS411N cells (1� 104/well) were seeded in
96-well plates (Corning Inc.) and incubated with different con-
centrations of EGCG for 24 h. Following incubation, 30 mL of
5 mg/mL MTT solution was added to each well and the plate
was incubated at 37�C for another 4 h. Then, the medium was
discarded and 150 mL of dimethylsulfoxide (DMSO; Sigma) was
added to dissolve the formazan crystals. The absorbance of
each sample was read at 540 nm using a microplate reader
(Thermo Multiskan GO; Waltham, MA, USA).

Annexin V-FITC/PI double staining

After treatment with EGCG, cells were collected and washed
with ice-cold phosphate buffer saline (PBS) and then stained in
300 lL solution containing Annexin V-FITC and PI for 15 min in
the dark at room temperature. Subsequently, the fluorescent
signal was detected by flow cytometry (Becton Dickinson;
Franklin Lakes, NJ, USA). The positioning of quadrants on
Annexin V-FITC/PI plots was performed to distinguish living
cells (FITC�/PI�), early apoptotic cells (FITCþ/PI�), and late apo-
ptotic or necrotic cells (FITCþ/PIþ).

Detection of mitochondrial-membrane potential change

The mitochondrial-membrane potential was analysed by JC-1
staining. Cells (3� 105/well) were seeded in six-well plates and
incubated with EGCG for 24 h. After treatment, the cells were
harvested, washed with PBS, and resuspended in JC-1 staining
solution (10 mM) at 37�C for 15 min. Subsequently, the cells were
examined using a FACSCanto flow cytometer (Becton
Dickinson). Data analysis was performed using the WinMDI 2.9
(BD; San Diego, CA, USA) software.

Wound-healing assay

Cells (3� 105/well) were seeded into a six-well culture plate and
grown to 100% confluence in full-growth medium. After being
starved in serum-free medium overnight, cells were scraped
with a plastic pipette tip to produce a clean-wound area across
the center of the well. Then, the cell debris was washed away
using PBS and cells were allowed to migrate into DMEM full-
growth medium for the indicated time. The wound widths were
photographed by an Olympus IX73 inverted microscope
(Olympus; Tokyo, Japan) at 0, 24, and 48 h.

Transwell-migration assay

Cells (2� 104/well) were added into transwell chambers, to-
gether with 100 mL medium containing various concentrations
of EGCG (with 1% v/v FBS; Gibco). Then, 500 mL complete DMEM
medium (with 10% v/v FBS) served as chemoattractant media
and was placed below the cell-permeable membrane. After be-
ing incubated at 37�C for 24 h, cells were fixed with methanol
and stained with 0.1% crystal violet. Stained filters were

photographed by microscope (Olympus IX73). The migrated
cells were quantified by manual counting. The cell migration
was expressed as the relative migration rate.

Western blot analysis

After being treated with EGCG, cells were lysed in lysis buffer for
30 min. Then, the lysate was boiled and denatured protein sam-
ples (20 mg) were loaded into wells in 10% sodium dodecyl sul-
fate (SDS)-polyacrylamide gel. Following electrophoretic
separation, the proteins were transferred to polyvinylidene
difluoride (PVDF) membrane (Millipore; Burlington, MA, USA).
After being blocked using 10% non-fat milk, the membranes
were washed using PBS containing 0.1% (v/v) Tween-20 (PBS-T)
and then incubated with primary antibodies (dilution at 1:1,000)
for 2 h at 4�C. After being washed with PBS-T, the membrane
was incubated with secondary antibodies conjugated with
horseradish peroxidase for 1 h. Finally, visualization of protein
bands was performed using the enhanced chemiluminescence
(ECL) substrate reagent kit (GE Healthcare; Stockholm, Sweden)
on a Gel Doc XR imaging system (Bio-RAD; Hercules, CA, USA).

Real-time quantitative PCR

After being treated with EGCG, the total RNA was extracted from
the SW480 cells using TRIzol reagent (Invitrogen; Carlsbad, CA,
USA). The mRNA level of STAT3 was determined by real-time
quantitative PCR (qPCR) following the instructions. The GAPDH
mRNA was used as an internal control to normalize the amount
of mRNA in each sample. Our preliminary results have shown
that GAPDH is suitable for normalization purposes. The primers
were designed as follows: GAPDH forward: 50-AAG GTG AAG GTC
GGA GTC AAC-30, reverse: 50-GGG GTC ATT GAT GGC AAC AAT
A-30; STAT3 forward: 50- ACC TTT GAG ACC GAG GTG TA-30, re-
verse: 50- CAC CAG GTC CCA AGA GTT TC-30. The reactions were
performed in triplicate using the ABI VII7 Fluorescent
Quantitative PCR System (Thermo; Waltham, MA, USA). The av-
erage value in each triplicate was used to calculate the relative
amount of STAT3 mRNA using the comparative DCt method.

Luciferase-reporter-activity assay

The whole STAT3 promoter region (nucleotides –1,000 to þ1 bp to
the translation initiation site) was synthesized from SW480-cell-
line-genomic DNA and inserted into the plasmid pGL3 (Promega;
Madison, WI, USA). Then, SW480 cells were transfected with 1.2 mg
of luciferase-reporter vector containing a STAT3 promoter se-
quence (pLG3-STAT3) using Lipofectamine 2000 (Invitrogen) and a
pLG3 empty vector (pLG3-basic) was used as a negative control.
Following transfection, EGCG (50mg/mL) and Stattic (1mM) were
added to the SW480 cells and incubated for 24 h. After incubation,
the cells were washed and lysed according to the Dual Luciferase
Assay kit (Promega) and the luciferase activities were measured us-
ing a FLUOstar Galaxy plate reader (Promega; Sunnyvale, CA, USA).

Statistical analysis

Each experiment was performed three times and all data in the
graph were expressed as mean6 standard deviation (SD).
Statistical differences were calculated using the one-way analysis
of variance, with P< 0.05 considered as statistically significant.
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Figure 1. Cytotoxicity of EGCG on colorectal-cancer SW480 (A), SW620 (B), and LS411N (C) cells, after 24-h incubation. Data were expressed as mean 6 SD.

Figure 2. Induction of apoptosis on SW480, SW620, and LS411N cells by EGCG. (A) Flow-cytometry images. (B)–(D) Quantitative analysis of the percentage of apoptotic

cells of EGCG on SW480 (B), SW620 (C), and LS411N (D) cells, after 24-h incubation. The percentage of total apoptotic cells was defined as the sum of early and late apo-

ptotic cells. **P<0.01 and ***P<0.001, as compared with untreated control.
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Results
EGCG inhibited SW480-, SW620-, and LS411N-cell
proliferation

Treatment with EGCG for 24 h resulted in the inhibition of cell
proliferation in a dose-dependent manner. As shown in
Figure 1, EGCG inhibited the growth of SW480, SW620, and
LS411N cells with an IC50 of 74.6, 99.4, and 112.1 lg/mL at 24 h,
respectively. Besides, the results showed that SW480 cells
were more sensitive to EGCG than SW620 and LS411N cells
(Figure 1).

EGCG induced apoptosis in SW480, SW620, and LS411N
cells

Annexin V-FITC/PI staining showed that, when SW480, SW620,
and LS411N cells were incubated with increasing doses of
EGCG from 0 to 200 lg/mL, the rates of cell apoptosis were in-
creased in a dose-dependent manner (Figure 2A). The percent-
age of apoptotic cells upon treatment with 25, 50, and 100 lg/
mL of EGCG in SW480 cells was found to be 13.62%, 32.36%,
and 58.87%, respectively, after 24-h incubation (Figure 2B).
Similar results were also found in SW620 and LS411N
cells: EGCG induced SW620- and LS411N-cell apoptosis in a

Figure 3. Collapse of the mitochondrial-membrane potential induced by EGCG. (A) Flow-cytometry images. (B)–(D) Quantitative analysis of the percentage of JC-1 low

cells in SW480 (B), SW620 (C), and LS411N (D) cell lines, after treatment with EGCG. The percentages represent cells with a depolarized mitochondrial membrane.

**P< 0.01 and ***P<0.001, as compared with untreated control.
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dose-dependent manner and significant differences were
shown between EGCG (50, 100, 200 lg/mL) and control
(Figure 2C and D).

EGCG induced disruption of mitochondrial-membrane
potential

As shown in Figure 3, the disruption of the mitochondrial-
membrane potential induced by EGCG was dose-dependent.
Upon EGCG treatment, the percentage of SW480 cells with a low
level of JC-1 increased to 10.59%, 15.76%, and 25.04%, at 25, 50,
and 100 mg/mL, respectively. Consistent results were shown in
metastatic colorectal-cancer SW620 and LS411N cells. EGCG in-
duced disruption of the mitochondrial-membrane potential in
SW620 and LS411N cells, and the percentage of JC-1 low cells
reached 17.74%, 21.3%, and 37.13% in SW620 cells, and 27.85%,
39.3%, and 40.33% in LS411N cells, in the presence of 50, 100,
and 200 lg/mL EGCG, respectively. Among the three selected
colorectal-cancer cell lines, the SW480 cell line was the most
sensitive to EGCG on mitochondrial-membrane-potential
disruption.

EGCG inhibited SW480-cell migration

To determine the efficacy of EGCG against cancer-cell metasta-
sis in vitro, the wound-healing and transwell-migration assays
were implemented. Since the SW480 cell line was the most sen-
sitive to EGCG regarding cell proliferation and apoptosis induc-
tion among the three selected colorectal-cancer cell lines, the
SW480 cell line was then chosen for the detection of migration.
As shown in Figure 4A, EGCG inhibited SW480-cell migration
since 20 lg/mL after 24-h incubation, with inhibition rates of
>55%. The inhibition was enlarged when the EGCG concentra-
tion was increased and the treatment time prolonged
(Figure 4B). Also, the result from the transwell-migration assay
was in line with the data from the scratch assay. In Figure 4C,
EGCG inhibited SW480-cell migration efficiently with the in-
crease in EGCG concentration. In the presence of 10, 20, and
40 lg/mL, EGCG inhibited SW480-cell migration significantly by
16.7%, 44.8%, and 66.5%, respectively (Figure 4D).

EGCG regulated the protein expressions

Treatment with EGCG for 24 h resulted in a change in protein
expression. The EGCG-treated colorectal-cancer cells

Figure 4. Effect of EGCG on SW480-cell-migration activities. (A) Representative images of the wounded-cell monolayers of SW480 cells. (B) Quantitative analysis of the

anti-migration activity of EGCG after 24- and 48-h incubation. Data are expressed as the percentage of the relative gap distance from baseline cultures without treat-

ment. (C) Representative images of the stained SW480 cells. (D) Quantitative analysis of the anti-transwell-migration activity of EGCG. Data are presented as

meanþSD (n¼ 3). **P<0.01 and ***P<0.001, as compared with untreated control.
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demonstrated the cleavage of protein Caspase-3 and PARP in a
dose-dependent manner, indicating the apoptosis-induction
effects of EGCG in SW480, SW620, and LS411N cells (Figures 5–
7A and B). Besides, EGCG downregulated significantly STAT3
and p-STAT3 expression in these three colorectal-cancer cell
lines. EGCG also decreased the expression of Bcl-2, Bim, and
MCL-1. In addition, E-cadherin was upregulated and Vimentin
was downregulated after EGCG treatment (Figures 5–7C and D),
indicating the inhibitory effect of EGCG on cell migration.

EGCG showed no obvious effect on SW480-cell
proliferation and migration when STAT3 was inhibited

In order to confirm the important role of STAT3 in EGCG-
induced proliferation and migration inhibition, 2 lM Stattic was
added to SW480 cells and then the cells were collected for MTT
and transwell assays. As shown in Figure 8A, the STAT3 was to-
tally suppressed when the inhibitor Stattic was added. In
Figure 8B, EGCG inhibited cell proliferation in normal SW480
cells but showed no obvious effect on STAT3-inhibited SW480
cells. A similar result was also present in transwell assays that
EGCG treatment resulted in no significant difference in STAT3-
inhibited SW480 cells compared with untreated controls
(Figure 8C).

EGCG suppressed the transcription of STAT3 by
inhibiting the promoter activity

In order to confirm whether EGCG was effective at regulating
the mRNA-expression level of STAT3, real-time qPCR was per-
formed. As shown in Figure 9A, EGCG treatment resulted in a
significant decrease in STAT3 expression at doses of 50 and
100 lM in SW480 cells. Besides, a dual-luciferase reporter assay
was adopted to assess the efficacy of EGCG on the promoter ac-
tivity of STAT3. The promoter sequence of STAT3 was cloned
into plasmid pGL3 and transfected into SW480 cells. Then, the
transfected cells were incubated with EGCG or Stattic for 24 h
and the luciferase activities were determined by dual-luciferase
reporter assay. As shown in Figure 9B, EGCG remarkably de-
creased the luciferase activities of the reporters in the STAT3
promoter region and EGCG (50 lg/mL) even showed better
effects in the downregulation of luciferase activity when com-
pared with the STAT3 inhibitor Stattic (1 lM). The results sug-
gest that the suppression effect of EGCG on the STAT3 promoter
may be responsible for the downregulation of STAT3
transcription.

Discussion

Green tea is a popular beverage in China and is well docu-
mented to have anti-oxidation and anticancer effects. EGCG,
the most abundant and bioactive ingredient in green tea, is

Figure 5. Effect of EGCG on protein expression in SW480 cells. (A) Representative images of Western blot of Caspase-3 and PARP in SW480 cells after treatment with

EGCG. (B) Statistical analysis of Caspase-3, PARP in SW480 cells after EGCG treatment. (C) Representative images of Western blot of STAT3, Bcl-2, Bim, MCL-1, E-cad-

herin, and Vimentin after treatment with EGCG. (D) Statistical analysis of STAT3, p-STAT3, Bcl-2, Bim, MCL-1, E-cadherin, and Vimentin in SW480 cells after EGCG

treatment. Data are shown as meanþSD (n¼3). **P<0.01 and ***P< 0.001, as compared with untreated control.
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widely served in healthcare products. In this study, we investi-
gated the anti-proliferation and anti-migration effects of EGCG
in colorectal cancer in vitro to provide scientific evidence of
EGCG for future application in colon-cancer prevention and
treatment as drug supplements or adjuvant therapy.

In the present study, we found that treatment with EGCG
resulted in a dose-dependent inhibition of the cell viability of
colorectal-cancer SW480, SW620, and LS411N cells. To deter-
mine whether the anti-proliferative effect of EGCG was associ-
ated with apoptosis induction, Annexin V-FITC/PI double-
staining and JC-1-staining assays were employed. The results
showed that EGCG induced apoptosis in SW480, SW620, and
LS411N cells in a dose-dependent manner. The findings were in
line with the effect of EGCG on colorectal-cancer HT-29 cells,
which inhibited cell proliferation in a dose-dependent manner,
by inhibiting Akt, ERK1/2, or alternative p38MAPK activity [20].
EGCG was also demonstrated to be effective in inducing apopto-
sis in colorectal-cancer DLD-1 cells and showed a remarkably
synergistic enhancement of growth inhibition and apoptosis
when combined with resveratrol and 5-fluorouracil [21]. JC-1-
staining results showed that EGCG induced disruption of the
mitochondrial-membrane potential in SW480, SW620, and
LS411N cells in a dose-dependent manner, indicating that EGCG
induced apoptosis partly through the mitochondria pathway.
The results were in line with previous findings that EGCG

inhibited the growth of salivary adenoid cystic carcinoma cells
via the EGFR/Erk signal-transduction pathway and the mito-
chondria pathway [22]. Apart from the anti-proliferation and
apoptosis-induction effects, EGCG was also found to be effective
at inhibiting SW480-cell migration in a dose-dependent manner
as assessed by wound-healing and transwell-migration assays.
The results were comparable to those of previous reports that
EGCG could reduce the migration of SW620 cells [23]. EGCG was
also found to be effective in the inhibition of proliferation and
migration in human breast-cancer MCF-7 cells [24] and bladder-
cancer T24 cells [25]. Moreover, the selected doses of EGCG for
migration assays were non-cytotoxic doses (�40 lg/mL) and the
cell viability was >80%. These non-cytotoxic doses of EGCG
showed remarkable anti-migration effects on SW480 cells. This
means that EGCG could be added as an effective supplement for
colon-cancer prevention and treatment.

To gain insight into the underlying mechanism of EGCG-
induced apoptosis and migration inhibition, several proteins
were tested, including Caspases-3, PARP, STAT3, p-STAT3, Bcl-
2, Bim, Bak, MCL-1, E-cadherin, and Vimentin. EGCG was effec-
tive in the activation of Caspases-3 and PARP in colorectal-
cancer cells, indicating that the anti-proliferative effect of EGCG
was associated with apoptosis induction. The results were also
in line with the data from Annexin V-FITC/PI double-staining
and JC-1-staining assays that EGCG induced apoptosis and the

Figure 6. Effect of EGCG on protein expression in SW620 cells. (A) Representative images of Western blot of Caspase-3 and PARP after treatment with EGCG. (B)

Statistical analysis of Caspase-3, PARP in SW620 cells after EGCG treatment. (C) Representative images of Western blot of STAT3, Bcl-2, Bim, MCL-1, E-cadherin, and

Vimentin after treatment with EGCG. (D) Statistical analysis of STAT3, p-STAT3, Bcl-2, Bim, MCL-1, E-cadherin, and Vimentin in SW620 cells after EGCG treatment.

Data are shown as meanþSD (n¼3). **P< 0.01 and ***P< 0.001, as compared with untreated control.
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Figure 7. Effect of EGCG on protein expression in LS411N cells. (A) Representative images of Western blot of proteins after treated with EGCG. (B) Statistical analysis of

Caspase-3, PARP in LS411N cells after EGCG treatment. (C) Representative images of Western blot of STAT3, Bcl-2, Bim, MCL-1, E-cadherin, and Vimentin after treat-

ment with EGCG. (D) Statistical analysis of STAT3, p-STAT3, Bcl-2, Bim, MCL-1, E-cadherin, and Vimentin in LS411N cells after EGCG treatment. Data are shown as

meanþSD (n¼ 3). **P<0.01 and ***P<0.001, as compared with untreated control.

Figure 8. Anti-proliferation and anti-migration effects of EGCG in normal and STAT3-inhibited SW480 cells. (A) STAT3 was inhibited in SW480 cells after treatment

with Stattic. Anti-proliferation (B) and anti-migration (C) effects of EGCG on normal and STAT3-inhibited SW480 cells. Data are expressed as meanþSD (n¼3).
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disruption of mitochondrial-membrane potential in SW480,
SW620, and LS411N cells in a dose-dependent manner.

STAT3 is a membrane-receptor-mediated nuclear transcrip-
tion factor that ubiquitously exists in a dimerized form; once
STAT3 is activated, it converts into p-STAT3 and activates the
transcription of target genes downstream, such as Bcl-2 family
members, MCL-1, etc. [26–27]. We found that treatment with
EGCG resulted in a significant decrease in both STAT3 and p-
STAT3, and suppression of anti-apoptotic proteins Bcl-2, Bim,
and MCL-1. The result was in agreement with Yuan’s finding
that EGCG treatment resulted in alteration of AKT/STAT3 sig-
naling and downregulation of Bcl-2 in oral-cancer CAR cells [28].
A similar finding that EGCG induced a drastic decrease in the
phosphorylation of STAT3 and led to downregulation of the tar-
get gene products of STAT3, such as Bcl-2, VEGF, MCL-1, and cy-
clin D1, was also found in neck-squamous-cell-carcinoma
HNSCC cells [29]. In addition, we demonstrated that EGCG treat-
ment in SW480, SW620, and LS411N cells resulted in a signifi-
cant increase in the transition marker E-cadherin and the
expression of Vimentin was significantly inhibited, indicating
the anti-migration effects of EGCG. The results were consistent
with the finding from wound-healing and transwell-migration
assays that EGCG inhibits SW480-cell migration in a dose-
dependent manner. The data were also comparable to Rieger-
Christ’s finding that EGCG decreased the migratory potential of
bladder-carcinoma cells with concomitant activation of MAPK
and STAT3 and downregulation of N-cadherin [30]. A previous
report from Li revealed that EGCG suppressed epithelial–mesen-
chymal transition and migration by blocking TGF-b/Smad-sig-
naling pathways and downregulation of Vimentin in
anaplastic-thyroid-carcinoma (ATC) 8505 C cells [31]. Treatment
with EGCG in SW480, SW620, and LS411N cells resulted in the
inhibition of STAT3, which might regulate downstream gene
products, such as Caspase-3, Bcl-2, MCL-1, E-cadherin, and
Vimentin, and at last contribute to the inhibition of migration
and induction of apoptosis.

In order to confirm the importance of STAT3 in EGCG-
induced proliferation and migration inhibition, the cell viability
and migration were assessed when STAT3 was inhibited, and
the STAT3 mRNA expression and promoter activity were also
evaluated after treatment with EGCG. When STAT3 was inhib-
ited, EGCG showed no obvious effect on SW480-cell proliferation
and migration, indicating the important role that STAT3 plays
in EGCG-induced inhibition. Furthermore, we found that EGCG
suppressed STAT3 transcription and inhibited STAT3-promoter
activity, suggesting that the suppression effect of EGCG on
STAT3-promoter activity may be responsible for the downregu-
lation of STAT3 mRNA expression. The result was in agreement
with previous reports showing that EGCG treatment results in a
drastic decrease in STAT3 activity in gastric cancer [32]; EGCG
suppressed the phosphorylation of STAT3 in neck squamous-
cell carcinoma [25]. However, these reports failed to elaborate
on the underlying mechanism of how EGCG regulates STAT3.
Our results have clearly demonstrated that EGCG decreases
STAT3 expression in both protein and mRNA levels, and EGCG
inhibits STAT3 protein more strongly than p-STAT3, indicating
that the suppression of p-STAT3 might be caused by the inhibi-
tion of STAT3. Besides, we present first evidence that EGCG
treatment results in the suppression of STAT3-promoter activ-
ity and STAT3 mRNA expression. This means that EGCG was
not only effective in the transcription of STAT3 via the inhibi-
tion of promoter activity, but also affected the phosphorylation
of STAT3 at the translation level, thus contributing to the sup-
pression of STAT3. This revelation sheds light on the underlying
mechanisms of EGCG on proliferation and migration inhibition
in colon cancer, and provides clear directions for cancer treat-
ment and drug combinations. In our study, the primary human
colorectal-cancer SW480 cells and metastatic human colorectal-
cancer SW620 and LS411N cells were used. We aim to investi-
gate the anti-proliferation and anti-migration effects of EGCG in
primary and metastatic colon-cancer cells, and compare the ef-
ficacy and sensitivity among the three cell lines. All the results

Figure 9. Effect of EGCG on STAT3 mRNA expression and truncation analysis of the STAT3 promoter with EGCG. (A) The relative mRNA-expression level of STAT3 was

evaluated using real-time qPCR. (B) The relative luciferase activity of truncated STAT3 promoter was detected using the Dual-Luciferase Reporter Assay System. SW480

cells were transiently transfected using the truncated STAT3-promoter reporters followed by treatment with EGCG for 24 h. After that, the cells were lysed and the lu-

ciferase activity was measured. Data are shown as meanþSD (n¼3). *P<0.05, **P<0.01, and ***P<0.001, as compared with untreated control.
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from MTT, Annexin V-FITC/PI staining, JC-1 staining, scratch-
wound healing, transwell-migration assay, and Western blot
showed that EGCG was effective in all of the three colorectal-
cancer cell lines with similar findings. The only difference is
that SW480 cells were more sensitive to EGCG when compared
to metastatic SW620 and LS411N cells, and the possible reason
might be that SW480 cells are primary colon-cancer cells with
less metastatic ability. The results demonstrated that EGCG was
not only effective in primary human colorectal cancer, but also
plays an important role in metastatic human colorectal cancer.

In summary, our results present the first evidence of the
anti-proliferation and anti-migration effects of EGCG against
colorectal-cancer SW480, SW620, and LS411N cells by downre-
gulating the expression of STAT3. This revelation sheds light on
the underlying mechanisms of EGCG on tumor suppression in
colon cancer and suggests that EGCG might be an effective and
natural supplement for cancer treatment and health protection.
However, more detailed molecular mechanisms, such as the ge-
nomic and proteomic responses underlying the EGCG-induced
colorectal-cancer-cell apoptosis, how EGCG suppresses STAT3
promoters, anti-metastasis, and anti-angiogenesis, remain to
be elucidated. In addition, more investigations should be in-
cluded to elaborate the efficacy in animal and human subjects
with colon cancer and determine the clinical efficacy and safety
of EGCG. Our observation holds promise for further studies to
examine the efficacy of EGCG and develop EGCG as a potential
anticancer supplement against colon cancer.
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