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	 Background:	 Curcumin is a component of Curcuma longa with various biological activities. The present study aimed to in-
vestigate curcumin’s inhibitory effects on epithelial-mesenchymal transition (EMT) in colorectal cancer (CRC) 
cells and possible mechanisms of action underlying these effects.

	 Material/Methods:	 Human SW480 CRC cells were incubated with curcumin at 0.1, 0.2, 0.4, 0.8, or 1.6 μmol/L. The 3-(4,5-Dimethylthiazol-
2-Yl)-2,5-Diphenyltetrazolium Bromide (MTT) assay was utilized to evaluate cell viabilities. The DNA methylation 
levels of the cdx2 promoter were assessed by bisulfite sequencing polymerase chain reaction (BSP). Real-time 
quantitative PCR was used to measure the mRNA expression levels. Protein expression levels were evaluated 
with western blotting. Immunofluorescence staining was used to evaluate the nuclear translocation of b-catenin.

	 Results:	 Curcumin concentrations of 0.1, 0.2, and 0.4 μmol/L showed no significant association with the viability of 
SW480 cells, which were chosen for subsequent experiments. Curcumin incubation significantly downregu-
lated expression levels of DNA methyltransferase1 (DNMT1), DNMT3a, and the methylation levels of the cdx2 
promoter in a concentration-dependent manner. The expression levels of N-cadherin, Vimentin, Wnt3a, Snail1, 
and Twist, as well as the nuclear translocation levels of b-catenin, were reduced in a curcumin concentration-
dependent manner. The expression levels of E-cadherin were increased in a curcumin concentration-depen-
dent manner.

	 Conclusions:	 Curcumin negatively regulated transcription factors promoting EMT in CRC cells by decreasing cdx2 promoter 
DNA methylation and consequently suppressing the CDX2/Wnt3a/b-catenin signaling pathway.
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Background

According to the worldwide report Global Cancer Statistics, 
the incidence of colorectal cancer (CRC) has been continu-
ously increasing and is now the second most common malig-
nant tumor in East Asia [1]. The prognosis for CRC is relatively 
poor due to limited treatments for high-grade CRC, which has 
a 5-year survival rate of below 10% [2]. Chemotherapy is cur-
rently offered as the treatment of “reluctant choice” for high-
grade CRC because high recurrence and serious side effects lim-
it the clinical application of chemotherapeutic agents such as 
oxaliplatin and capecitabine [3]. Thus, a better understanding 
of the molecular mechanisms underlying CRC and an explora-
tion of more effective agents are of great clinical significance.

The malignancy of CRC is related to many cellular patholog-
ical activities, such as proliferation, migration, morphogene-
sis, and epithelial-mesenchymal transition (EMT) [4]. EMT is 
a process which facilitates the acquisition of mesenchymal 
properties by cells and the loss of their epithelial characteris-
tics. The role of EMT in the promotion of invasion and metas-
tasis of human malignant cancer cells has been accepted [5]. 
The regulation of EMT is very complicated and various signal-
ing pathways are thought to be involved.

Evidenced by previous investigations, b-catenin acts as a key 
regulator of the EMT process by playing multiple roles [6]. For 
instance, b-catenin is reported as a transcription factor activat-
ing expression of targeted genes, such as c-Myc and MMP7, that 
participate in invasion and metastasis [7]. Moreover, b-catenin 
acts as a molecular chaperone, facilitating the association be-
tween cytoskeleton and cadherins to improve cell adhesion. 
The Wnt pathway is the upstream signaling pathway regulat-
ing b-catenin [8]. Results from previous studies have indicat-
ed that upregulation of Wnt3a promotes the nuclear translo-
cation of b-catenin [9]. Several recent studies have suggested 
significant correlations between CRC malignancy and caudal 
type homeobox 2 (CDX2), which is thought to act as a tumor 
suppressor [10]. CDX2 has also been implicated as a media-
tor of Wnt signaling [11]. Thus, CDX2/Wnt/b-catenin signaling 
could be a potential molecular target for the regulation of EMT.

Curcumin (C21H20O6) is one of the active components of the tur-
meric root, Curcuma longa, which is used in Traditional Chinese 
Medicine. The anti-cancer activity of curcumin against human 
CRC has been supported by many investigations [12]. Curcumin 
regulates protein expression via effects on DNA methyltrans-
ferases (DNMTs) [13]. Notably, cdx2 promoter methylation is 
altered in human malignant cancer cells [14]. Therefore, it is 
reasonable for us to speculate that curcumin may decrease 
the methylation status of cdx2 via DNMTs, resulting in deac-
tivation of the Wnt/b-catenin pathway and thereby leading to 
suppression of EMT in CRC cells. To test our hypothesis, in the 

present study, human CRC cells were exposed to curcumin at 
below-cytotoxic concentrations. DNA methylation of the cdx2 
promoter, activation of CDX2/Wnt/b-catenin signaling, and ex-
pression levels of EMT markers were investigated. The results 
of our study provide new clues concerning novel therapeutic 
molecular targets for CRC and new evidence supporting the 
application of curcumin in the treatment of CRC.

Material and Methods

Cells and treatments

Human CRC cell line SW480 was provided by the Cell Bank 
of the Chinese Academy of Sciences (Shanghai, China) and 
maintained in PRMI-1640 medium (Gibco, Grand Island, NY, 
USA) supplemented with fetal bovine serum (10%, FBS, Gibco, 
Grand Island, NY, USA) and mixed antibiotics (100 U/ml peni-
cillin and 0.1 mg/ml streptomycin; Santa Cruz Biotechnology, 
Santa Cruz, CA, USA). Cells were maintained in a cell incuba-
tor (Thermo, Waltham, MA, USA) that provided a humidified 
atmosphere of 95% fresh air and 5% CO2 at 37°C. Curcumin 
(Sigma-Aldrich, St. Louis, MO, USA) at 0, 1, 2, or 4 μmol/L was 
used to treat the cells for 48 h.

Cell viability assessment

Cell viability was assessed by 3-(4,5-Dimethylthiazol-2-Yl)-2,5-
Diphenyltetrazolium Bromide (MTT) assay according to the 
protocol described in previous studies [15]. SW480 cells, at a 
density of 1×104 cells per well, were treated with curcumin at 
0, 0.1, 0.2, 0.4, 0.8, or 1.6 μmol/L for 24 h. An MTT assay kit 
(Beyotime, Shanghai, China) was used to carry out the assay. 
The optical density at 490 nm was read with a microplate read-
er (Bio-Rad, Hercules, CA, USA). The cell viability was calculat-
ed by using the formula (ODtreatment/ODcontrol)×100%.

Methylation evaluation for the cdx2 promoter

The methylation level of the cdx2 promoter was evaluated by 
bisulfite sequencing polymerase chain reaction (BSP) according 
to the descriptions in previous studies [16]. Genomic DNA was 
extracted from cells using a proteinase-K method with a DNA 
extraction kit (TianGen, Beijing, China). The content and puri-
ty of DNA was verified with an ultraviolet spectrophotometer. 
Extracted DNA was precipitated in ethanol, dissolved in low-
TE buffer (10 mmol/L EDTA, 100 mmol/L Tris-HCl, pH 8.0) and 
stored at –20°C. Extracted genomic DNA was bisulfite modified 
using an EpiTect Bisulfite kit (Qiagen, Duesseldorf, Germany) 
per the manufacturer’s instructions. Methylation-specific poly-
merase chain reaction primers for cdx2 were designed and syn-
thesized by GenePharma (Shanghai, China). The sequences 
were: forward 5’-TTTTCGTGTTTTTCGGTAGTTTTTAGC-3’, reverse 
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5’-ACTCACGTACATAATAACGAAAATCCG-3’. The reaction condi-
tions were: pre-denaturation for 15 min at 95°C, followed by 
50 cycles of denaturation for 30 s at 95°C, annealing for 30 s 
at 57°C, and extension for 20 s at 72°C. The PCR products were 
purified using a QIAquick purification kit (Qiagen, Duesseldorf, 
Germany). After sequencing, the methylation of the cdx2 pro-
moter was viewed and analyzed using CpG Viewer software 
(Insilicase Boinformatics, USA).

Immunofluorescent staining

The nuclear translocation of b-catenin was evaluated by im-
munofluorescent staining. SW480 cells were grown on cov-
er glass and were then fixed with 10% formaldehyde and in-
cubated with blocking buffer (Abcam, Cambridge, MA, USA) 
for 30 min. Cells were then incubated with primary antibody 
against b-catenin (1: 100, Abcam, Cambridge, MA, USA) at 4°C 
for 8 h. After PBS washing, the cells were further incubated 
with Alexa488-conjugated secondary antibody (1: 200, Abcam, 
Cambridge, MA, USA) for 20 min. The nuclei were stained with 
DAPI (Beyotime, Shanghai, China). An inverted fluorescence mi-
croscope was used to observe the fluorescent images.

Real-time quantitative PCR

Total RNA was extracted from the cultured SW480 cells using 
a TRIzol Reagent Extraction kit (Invitrogen, Carlsbad, CA, USA) 
according to the protocol provided by the manufacturer. Primers 
for cdx2, wnt3a, snail, twist, e-cadherin, n-cadherin, vimentin, 
and gapdh are listed in Table 1. A BeyoRT™ cDNA kit (Beyotime, 
Shanghai, China) was used to conduct the reverse transcription 
of cDNA. Amplifications were performed using the 7300 Real-
Time PCR system (Applied Biosystems, Waltham, MA, USA) and 
SYBR Green PCR kit (Invitrogen, Carlsbad, CA, USA). The reac-
tion conditions were: pre-denaturation for 4 min at 95°C fol-
lowed by 30 cycles of denaturation for 30 s at 95°C, annealing 
for 30 s at 57°C, and extension for 30 s at 72°C. Fold-changes 

of transcription levels for the targeted genes were determined 
using the 2–DDCt method, with gapdh as the internal reference.

Western blotting

Cells were harvested and lysed using the cell lysis buffer system 
(Beyotime, Shanghai, China). Total and nuclear protein were 
extracted by using the Total Protein Extraction kit (Beyotime, 
Shanghai, China) and Nuclear Protein Extraction kit (Beyotime, 
Shanghai, China), respectively. After centrifugation at 12 800 g 
at 4°C for 20 min, the extracted protein samples were subject-
ed to concentration determination with a bicinchoninic acid 
(BCA) protein assay kit (Beyotime, Shanghai, China). Then, 
the proteins were vertically separated by 12% SDS-PAGE and 
electronically transferred onto polyvinylidene fluoride (PVDF) 
membranes (Millipore, Billerica, MA, USA). After blocking with 
protein blocking buffer (Santa Cruz Biotechnology, Santa Cruz, 
CA, USA) for 2 h, the protein samples were incubated with pri-
mary antibodies against CDX2 (1: 2000, Abcam, Cambridge, 
MA, USA), Wnt3a (1: 2000, CST, Danvers, MA,USA), b-catenin 
(1: 2000, Abcam, Cambridge, MA, USA), Snail1 (1: 1000, Abcam, 
Cambridge, MA, USA), Twist (1: 1000, Abcam, Cambridge, 
MA, USA), E-cadherin (1: 2000, Abcam, Cambridge, MA, USA), 
N-cadherin (1: 2000, Abcam, Cambridge, MA, USA), Vimentin 
(1: 2000, Abcam, Cambridge, MA, USA), and GAPDH (1: 4000, 
Abcam, Cambridge, MA, USA) for 8 h at 4°C. After washing, 
the membranes were further incubated with horseradish per-
oxidase (HRP)-conjugated secondary antibodies for 2 h at room 
temperature. Then, the immunoblots were visualized and an-
alyzed with an enhanced chemiluminescence detection sys-
tem (GE Healthcare, Little Chalfont, UK) per the manufactur-
er’s instructions.

Statistics

All experiments were repeated 6 times (n=6). Data acquired 
were presented as mean ± standard deviation. Differences 

Table 1. Primer sequences for RT-PCR.

Gene names Forward (5’-3’) Reverse (5’-3’)

cdx2 CCACGCTGGGGCTCTCT GTCTAGCAGAGTCCACGCTC

wnt3a CCATCCTCTGCCTCAAATTC TGGACAGTGGATATAGCAGCA

snail1 TCGGAAGCCTAATACAGCGA AGATGAGCATTGGCAGCGAG

twist CGACGACAGCCTGAGCAACA CCACAGCCCGCAGACTTGTT

e-cadherin CTGAGAACGAGGCTAACG GTCCACCATCATCATT

n-cadherin TGAAGTCCCCAATGT CTC CA GCATCATCATCCTGCTTATCC

vimentin GAGAACTTTGCCGTTGAAGC GCTTCCTGTAGGTGGCAATC

gapdh GGTGAAGGTCGGAGTCAACG CAAAGTTGTCATGGATGAACC
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between groups were analyzed with one-way analysis of vari-
ance (ANOVA). The Student Newman-Keuls (NSK) test was ap-
plied as a post-hoc test. Differences were considered statisti-
cally significant at P<0.05.

Results

Determination of the Concentrations at which Curcumin 
does not Inhibit SW480 Viability

To eliminate effects on viability due to inhibition of EMT, non-
inhibitory concentrations of curcumin on SW480 cells were 
determined by MTT assay. As demonstrated in Figure 1, cur-
cumin began to show significant inhibitory effects on viability 
of SW480 cells starting at 0.8 μmol/L. Thus, curcumin concen-
trations of 0.2, 0.4, and 0.8 μmol/L were selected for subse-
quent experiments.

Curcumin incubation inhibited EMT of SW480 cells in a 
concentration-dependent manner

The EMT-related proteins E-cadherin and N-cadherin, as well 
as b-catenin-targeted gene expression levels, were used to 
evaluate the inhibitory effects of curcumin on SW480 EMT. 
As demonstrated in Figure 2A, curcumin treatment signifi-
cantly upregulated mRNA expression levels of e-cadherin and 
downregulated mRNA expression levels of n-cadherin, snail, 
twist, and vimentin in a concentration-dependent manner. 
Figure 2B shows the protein expression levels, as evidenced 
by immunoblots. Curcumin administration dramatically in-
creased E-cadherin expression but decreased expression lev-
els of N-cadherin, Twist, Snail, and Vimentin in SW480 cells in 
a concentration-dependent manner.

Curcumin incubation reduced cdx2 promoter methylation 
by affecting the expression of DNMTs

As demonstrated in Figure 3A and 3B, curcumin incubation 
significantly decreased both mRNA and protein expression 
levels of DNMT1 and DNMT3a in SW480 cells in a concentra-
tion- dependent manner. Figure 3C shows the methylation of 
the cdx2 promoter, as assayed using the BSP method. Results 
of the BSP analysis suggested that curcumin decreased the 
methylation levels of the cdx2 promoter in SW480 cells in a 
concentration-dependent manner.

Curcumin incubation enhanced the inhibitory effects of 
CDX2 on the Wnt/b-catenin pathway in SW480 cells

As demonstrated in Figure 4A and 4B, the expression levels 
of CDX2 and Wnt3a were significantly upregulated in SW480 
cells incubated with curcumin, in a concentration-dependent 

manner. b-catenin expression levels in nuclear protein were 
also increased by curcumin incubation in a concentration-
dependent manner (Figure 4C). As demonstrated in Figure 4D, 
immunofluorescence staining confirmed that nuclear translo-
cation of b-catenin was significantly attenuated by curcumin 
incubation in a concentration-dependent manner.

Discussion

CRC is one of the most common malignant tumors of the di-
gestive tract, and the prognosis for CRC is poor because CRC is 
often found at advanced, or even late, stages. The invasion and 
metastasis of CRC limits the application of surgical resection, 
which is believed to be the only effective therapy. The patho-
logical process of invasion and metastasis by CRC can happen 
at early stages, and this is highly associated with EMT [17]. By 
converting cellular characteristics of epithelial cells into mes-
enchymal attributes, EMT accelerates tumor progression by 
strengthening invasion ability, migration, and metastasis of 
the cancer cells [18].

CDX2 was initially reported as a critical mediator regulating gut 
development and homeostasis. Recent investigations have sug-
gested a strong association between CDX2 and CRC [19]. Lower 
CDX2 expression indicates poorer prognosis and predicts infe-
rior therapeutic responses to chemotherapy in CRC [20]. In the 
present study, CDX2 promoter methylation level was found to 
be dramatically upregulated, resulting in a significant down-
regulation of CDX2 expression in SW480 cells. Previous stud-
ies have indicated a role for CDX2 in regulating Wnt signaling 
pathway activation. This pathway is thought to be hyperac-
tivated in the development of several human cancers. It has 
been reported that CDX2 knockdown leads to activation of the 
Wnt signaling pathway, which facilitates the invasion and mi-
gration of human colon cells [21].
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Figure 1. �Line chart indicating relative cell viabilities of SW480 
cells incubated with curcumin at 0, 0.1, 0.2, 0.4, 0.8, or 
1.6 μmol/L for 24 h. (n=6, * P<0.05).
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The molecular mechanisms underlying EMT and its regulation 
are very complicated. As an evolutionarily conserved pathway, 
Wnt signaling plays an important role in maintaining cellular 
homeostasis. A family member of Wnt, Wnt3a, was found to 
play key regulatory roles in several human malignant cancers. 
Wnt3a interacts with Wnt co-receptor Frizzled (Fz) through con-
tact with low-density lipoprotein receptors, leading to nuclear 
translocation of b-catenin [22]. Beta-catenin facilitates initiation 

of its targeted genes in the nucleus by binding to Lef/Tcf tran-
scription factors. Wnt/b-catenin signaling pathway activation is 
thought to be involved in EMT because some EMT-associated 
proteins, namely Twist and Snail1, are thought to be target 
genes of b-catenin [23]. In the present study, the Wnt/b-catenin 
signaling pathway was found to be activated in SW480 cells. 
As a result, the expression levels of Twist and Snail1 were up-
regulated, which is recognized as a hallmark of EMT.
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Figure 2. �(A) Columns indicating the relative mRNA expression levels of n-cadherin, twist, snail, vimentin, and e-cadherin in SW480 
cells incubated with curcumin at 0, 0.1, 0.2, or 0.4 μmol/L for 24 h. (B) Immunoblots of E-cadherin, N-cadherin, Twist, Snail, 
Vimentin, and GAPDH (upper panel). Columns (lower panel) indicate the relative expression levels of E-cadherin, N-cadherin, 
Twist, Snail, and Vimentin in SW480 cells incubated with curcumin at 0, 0.1, 0.2, or 0.4 μmol/L for 24 h. (n=6, * P<0.05)
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Figure 3. �(A) Columns indicate the relative mRNA expression levels of dnmt1 and dnmt3a in SW480 cells incubated with curcumin 
at 0, 0.1, 0.2, or 0.4 μmol/L for 24 h. (B) Immunoblots of DNMT1, DNMT3a, and GAPDH. Columns indicate the relative 
expression levels of DNMT1 and DNMT3a in SW480 cells incubated with curcumin at 0, 0.1, 0.2, or 0.4 μmol/L for 24 h. 
(C) cdx2 promoter DNA methylation levels. Black dots indicate methylation sites while white dots indicate unmethylated 
cdx2 promoter sites. Columns indicate the DNA methylation rate of the cdx2 promoter in SW480 cells incubated with 
curcumin at 0, 0.1, 0.2, or 0.4 μmol/L for 24 h. (n=6, * P<0.05)
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Figure 4. �(A) Columns indicate the relative mRNA expression levels of cdx2 and wnt3a in SW480 cells incubated with curcumin at 
0, 0.1, 0.2, or 0.4 μmol/L for 24 h. (B) Immunoblots of CDX2, Wnt3a, and GAPDH. Columns indicate the relative expression 
levels of CDX2 and Wnt3a in SW480 cells incubated with curcumin at 0, 0.1, 0.2, or 0.4 μmol/L for 24 h. (C) Immunoblots 
of b-catenin and histone H3. Columns indicate the relative nuclear translocation levels of b-catenin (b-catenin/histone H3) 
in SW480 cells incubated with curcumin at 0, 0.1, 0.2, or 0.4 μmol/L for 24 h. (D) Captured images of immunofluorescence 
staining of b-catenin (stained by Alexa-488, green fluorescence), cell nuclei (stained by DAPI, blue fluorescence) and their 
merge were demonstrated. Columns indicate the relative nuclear translocation levels (translocated cell count/total cell count) 
in SW480 cells incubated with curcumin at 0, 0.1, 0.2, or 0.4 μmol/L for 24 h. (n=6, * P<0.05).
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The anti-cancer activity of curcumin is well accepted, and many 
explanatory molecular mechanisms have been proposed. A pre-
vious investigation showed that curcumin suppresses gastric 
cancer cells through inhibiting the Wnt/b-catenin signaling 
pathway [24]. A recent study reported that curcumin inhibits 
the Wnt/b-catenin pathway by increasing CDX2 expression in 
CRC cells [15]. In the present investigation, non-cytotoxic con-
centrations of curcumin were used to treat SW480 cells to avoid 
cell death-related gene expression changes. The expression of 
CDX2 was upregulated in a concentration-dependent manner. 
Notably, the expression levels of DNMT1 and DNMT3a were re-
duced after curcumin incubation, indicating that curcumin pos-
sibly upregulates CDX2 expression by affecting methylation of 
its promoter. Indeed, by the BSP technique, we confirmed that 
curcumin treatment decreased CDX2 promoter methylation. 
As a result, in accordance with previous studies, we conclude 
that curcumin treatment decreases the activation of Wnt/b-
catenin signaling-mediated EMT in SW480 cells.

Conclusions

Our key finding was that curcumin inhibited EMT in CRC cells. 
CDX2 promoter methylation levels were reduced by curcumin 
and this increased CDX2 expression levels. As a result, activa-
tion of Wnt/b-catenin signaling-mediated EMT was suppressed. 
CDX2 promoter methylation may serve as a novel therapeutic 
target for the treatment of CRC. Moreover, our results provided 
new evidence supporting the clinical application of curcumin 
or curcumin-containing drugs as treatments for CRC patients.
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