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Abstract. Tumor invasion and metastasis are closely associated 
with epithelial‑mesenchymal transition (EMT). EMT refers to 
epithelial cells under physiological and pathological conditions 
that are specific to mesenchymal transition. Curcumin inhibits 
EMT progression via Wnt signaling. The Wnt signaling 
pathway is a conservative EMT‑related signaling pathway that 
is involved in the development of various tumors. In the present 
study, MTS assays were employed to analyze the proliferation 
of curcumin‑treated cells. Naked cuticle homolog 2 (NKD2), 
chemokine receptor 4  (CXCR4) and antibodies associated 
with EMT were examined in SW620 colorectal cancer cell 
lines using western blot analysis and real‑time qPCR. NKD2 
small‑interfering RNA  (siRNA) and CXCR4 expression 
plasmid was synthesized and transfected into the colorectal 
cancer cell lines, and NKD2 and CXCR4 expression levels 
were detected. The results showed that curcumin significantly 
inhibited the proliferation of colorectal cancer cells and upreg-
ulated the expression of NKD2 in SW620 colorectal cancer 
cells and in the xenograft, resulting in the downregulation of 
key markers in the Wnt signaling. In addition, the progression 
of ETM was inhibited due to the overexpression of E‑cadherin 
as well as the downregulation of vimentin. Curcumin also 
inhibited tumor metastasis by downregulating the expression 
of CXCR4 significantly. The results suggested involvement 
of the NKD2‑Wnt‑CXCR4 signaling pathway in colorectal 

cancer cells. In addition, curcumin is inhibit this signaling and 
the development of colorectal cancer.

Introduction

Change to people's lifestyle and dietary habits have led to an 
increase in the incidence of colon cancer (1‑3). Although there 
have been advances in the study of this type of cancer, colon 
cancer is a common gastrointestinal malignancy with a high 
mortality rate (4), owing to metastasis. Therefore, the main 
challenge is identification of methods to inhibit the metastasis 
of colon cancer effectively in the clinic. Metastasis occurs due 
to the interaction of multiple genes and is a complex system (5). 
However, the exact mechanism underlying metastasis of the 
disease remains to be elucidated.

Tumor invasion and metastasis are closely associated 
with epithelial‑mesenchymal transition (EMT). EMT refers 
to epithelial cells under physiological and pathological condi-
tions that are specific to mesenchymal transition (6). EMT 
has been associated with the initial stage of tumor metastasis, 
whereby tumor cells have lost the characteristics of epithelial 
cells and cell polarity, and attained the characteristics of 
mesothelial and invade adjacent tissues  (7). This process 
is associated with change at the molecular level and the 
occurrence of cell morphology (8). In the evolution process 
of tumor growth, EMT includes alteration of cell polarity, 
reconstruction of the cytoskeleton, loss of intercellular adhe-
sion and destruction of the tumor basement membrane and 
extracellular matrix between the cells (9), and mesenchymal 
phenotypes, such as high migration, invasion, resistance 
apoptosis and degradation of extracellular matrix. Therefore, 
EMT provides optimal conditions for invasion and metas-
tasis, and tumor cell growth (10,11). Previous findings showed 
that the EMT phenomenon is prevalent in tumor invasion 
and metastasis, such as in situ colon, breast, lung, and liver 
cancer, and plays an important role in tumor invasion and 
metastasis (12‑14).

Chemokine receptor 4 (CXCR4) is a member of the super-
family of the seven-transmembrane G-protein coupled receptors 
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and is the only receptor of CXCL12. CXCR4 is involved in 
a variety of physiological and pathological processes. The 
CXCL12/CXCR4 biological axis structure participates in the 
infiltration of inflammatory cells and lymphocytes, as well 
as migration and homing (15,16). It also plays an important 
role in mediating tumor invasion and metastasis (17‑20). Thus, 
CXCR4 is a common chemokine receptor in tumor cells, and 
its expression is increased significantly in gastric, lung, and 
breast cancer, as well as soft tissue sarcoma tumor cells.

In recent years, significant progress has been made in the 
study of the anti‑tumor effects of traditional Chinese medicine, 
particularly with regard to natural plant‑derived anticancer 
drugs that have become a global hot spot. Curcumin is a plant 
polyphenol that is extracted from the zingiberaceae plant, 
Curcuma longa root turmeric. Curcumin has various effects 
including antioxidant, anti‑inflammatory, anti‑atheroscle-
rotic, and anti‑aging, and also eliminates free radicals (21). 
Numerous studies have been conducted on the anti‑tumor 
effects of curcumin and its mechanism worldwide. The 
findings have shown that curcumin obviously inhibits tumor 
invasion and metastasis in different tumor tissues (22,23).

At present, some studies have reported that curcumin 
inhibits EMT in tumors (24). The Wnt signaling pathway is 
a conservative EMT‑related signaling pathway that plays an 
important role in the development of a variety of tumors. The 
β‑catenin is the hub of the molecule in the Wnt signaling 
pathway, which mediates the membrane and facilitates the 
transfer of molecules from the cytoplasm into the nucleus 
in the Wnt pathway (25,26). Curcumin also reduced the 
level of β‑catenin gene expression significantly; thus, it 
has anti‑tumor effects through the inhibition of the Wnt 
signaling pathway  (18,27,28). Therefore, the mechanism 
of action of curcumin with regard to tumor inhibition 
remains to be determined. Using gene expression profiles, 
we analyzed the changes of tumor cell expression profiles of 
curcumin‑treated cells, and identified inhibitors of the Wnt 
pathway naked cuticle homolog 2 (NKD2) (29). NKD2, as 
the Wnt signaling pathway regulation of gene suppression, 
significantly delayed the mitosis of HeLa cells (30). Thus, 
curcumin may inhibit the Wnt signaling pathway by regula-
tion of the expression of NKD2. Previous findings showed 
that curcumin can also reduce the expression of CXCR4 
in tumor cells (31,32). Thus, according to the preliminary 
experiment, the mechanism of action of curcumin in colon 
cancer cells is likely to inhibit the Wnt signaling pathway by 
affecting NKD2 gene expression, EMT and the expression 
of CXCR4 in tumor cells and eventually inhibiting tumor 
invasion and metastasis.

Materials and methods

Reagents. Antibodies purchased for the present study included: 
axin and TCF4 (Cell Signaling Technology, Boston, MA, 
USA), β‑catenin (Epitomics, San Francisco, CA, USA), NKD2 
(Novus International, St. Charles, MO, USA), CXCR4 anti-
body (Thermo Fisher Scientific, Waltham, MA, USA), and 
β‑actin (BD Biosciences, New York, NY, USA). Curcumin 
was purchased from Sigma  (Beijing, China), and NKD2 
small‑interfering RNA (siRNA) from Shanghai GenePharma 
Co., Ltd. (Shanghai, China). The following two pairs of siRNA 

were designed: NKD2‑homo‑962 sense, 5'‑CAGAUACAC 
AUGCCGUACATT‑3' and antisense, 5'‑UGUACGGCAU 
GUGUAUCUGTT‑3'; NKD2‑homo‑480 sense, 5'‑CACGCU 
CUAUGACUUUGACTT‑3' and antisense, 5'‑GUCAAAGUCA 
UAGAGCGUGTT‑3'. NKD2 and CXCR4 primers were 
purchased from Biosune Biotechnology Co., Ltd. (Shanghai, 
China). NKD2 primers used were: 5'‑ATGCCTCGGTCA 
ACCACTCC‑3'and 5'‑TCTGCCAGTTCACCCTCCATC‑3' 
and the length of the product was 151 bp. CXCR4 primers used 
were: 5'‑CCGTGGCAAACTGGTACTTT‑3' and 5'‑GAC 
GCCAACATAGACCACCT‑3' and the length of the product 
was 188 bp.

The CXCR4 expression plasmid (CXCR4 NM_001008540) 
was purchased from Shanghai GenePharma Co., Ltd. The 
Wnt pathway activator (WAY 262611) was purchased from 
Abcam (Shanghai, China).

SW620 human colon cancer cells were provided by the 
Zhejiang Provincial Key Laboratory of Gastroenterology 
(Zhejiang, China). The instruments and equipment 
employed were provided by the Zhejiang Key Laboratory of 
Biotherapy (Zhejiang, China).

Cell cultures and transfection. SW620 human colon cancer 
cells were routinely cultivated in RPMI‑1640 medium 
containing 10% FBS, at 37˚C with 5% CO2. The cells were 
passaged at 80% confluency, using 1 mmol/l EDTA with 
0.025% trypsin for 3‑5  min, and then sub‑cultured at a 
ratio of 1:3‑1:5. Cells at the logarithmic growth phase were 
collected for experiments. Once the cell density had increased 
to 30‑50%, Lipofectamine™ 2000 liposome transfection 
kit (Invitrogen Life Technologies, Carlsbad, CA, USA) was 
used to transfect the plasmid into the cells according to the 
manufacturer's instructions. Following cultivation for 2 days, 
the original culture medium was discarded and screened using 
RPMI‑1640 culture medium.

MTS assay. SW620 cells in the logarithmic growth phase 
were collected and the cell concentration was adjusted to 
5x104/ml. Subsequently, 200 µl of the abovementioned cell 
suspension was added into each well of several 96‑well plates. 
When the cells adhered to the wall, curcumin (5‑40 µmol/l) 
was added to the cells and these were cultured for 24 h. Five 
parallel walls were established for each drug concentration. 
The supernatant was aspirated and 100 µl MTS was added 
into each well. A multi‑mode microplate reader  (Infinite 
M200; Tecan, Geneva, Switzerland) was used to determine 
the absorbance, with a detection wavelength of 490  nm. 
The experiments were repeated 3 times. The cell viability 
was calculated using the formula: viability  (%) =  [(treate
d‑blank)/(control‑blank)]  x  100%. The experiments were 
performed in triplicate.

Western blot analysis. For biochemical analysis, the cells 
were washed with ice‑cold phosphate‑buffered saline (PBS; 
Beyotime Institute of Biotechnology, Jiangsu, China) and lysed 
in radioimmunoprecipitation assay lysis buffer [50 mM Tris, 
pH 7.4; 150 mM NaCl; 1% Triton X‑100; 1% sodium deoxycho-
late; 0.1% sodium dodecyl sulfate (SDS); Beyotime Institute 
of Biotechnology)]. The lysates were kept on ice for 30 min, 
followed by centrifugation at 12,000 x g for 25 min at 4˚C. 
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The clear lysate was then collected and β‑catenin, axin, TCF4, 
E‑cadherin, vimentin, NKD2, CXCR4 and β‑actin proteins 
were separated by 12% SDS‑polyacrylamide gel electropho-
resis (30‑50 µg protein/lane) and transferred to a polyvinylidine 
fluoride membrane (Beyotime Institute of Biotechnology). 
The membranes were incubated in 5% milk for 1.5 h, and 
then with β‑catenin (1:1000), axin (1:1000), TCF4 (1:2000), 
E‑cadherin  (1:2000), vimentin  (1:1000), NKD2  (1:1000), 
CXCR4 (1:1500) and β‑actin (1:2000) antibodies diluted in 
non‑fat milk overnight. The membranes were then washed 
with Tris‑buffered saline with Tween‑20 (Beyotime Institute 
of Biotechnology) and incubated with the HRP‑conjugated 
secondary antibodies for 2 h. Immunoreactive proteins were 
visualized using a BeyoECL Plus kit (Beyotime Institute of 
Biotechnology).

Reverse transcription‑qPCR (RT‑qPCR) analysis. The cells 
were washed with ice‑cold PBS and total RNA was extracted 
from the SW620 human colon cancer cells using TRIzol 
reagent (Invitrogen‑Technologies, Carlsbad, CA, USA) and 
quantified by UV spectrophotometer (Lengguang, Shanghai, 
China). In addition, the purity and RNA concentration were 
measured by the UV spectrophotometer. cDNA was obtained 
by reverse transcription. The PCR conditions were: 10 min 
at 25˚C, 2 h at 37˚C, 5 min at 85˚C and maintained at 4˚C. 
cDNA was used as a template for PCR amplification of the 
target genes and GAPDH was used as the standard control. 
Amplification conditions were: Denaturation for 2 min at 94˚C, 
30 sec at 94˚C, 30 sec at 52˚C, 5 sec at 72˚C and, following 
40 cycles, a total extension of 4 min at 72˚C (33).

Statistical analysis. Statistical analysis was conducted using 
SPSS, version  18.0  (SPSS, Inc., Chicago, IL, USA). Each 
experiment was performed ≥3 times. Data are indicated as 
mean values ± standard deviation and any differences were 
analyzed using a Student's t‑test. P<0.05 was considered to 
indicate statistically significant results.

Results

Effect of curcumin on the viability of SW620 cells. We 
initially investigated the effect of curcumin on the prolifera-
tion of SW620 cells. SW620 cells were treated for 24 h with 
graded concentrations of curcumin  (0‑40 µmol/l) and the 
cell viability was measured using an MTS assay. The results 
showed the cell viability s was inhibited by curcumin (Fig. 1). 
An increase in the concentration of curcumin led to a signifi-
cant change in the rate of inhibition. The results suggested 
that curcumin effectively inhibited SW620 cell viability.

Curcumin inhibits Wnt signaling and expression of markers 
of EMT in SW620 cells. The phenotypic alterations occurring 
suggested that SW620 cells had undergone EMT. Thus, there 
were two expressions of specific EMT markers, including 
the epithelial marker E‑cadherin and mesenchymal marker 
vimentin (34). Due to the conservative EMT‑related signaling 
pathway, the β‑catenin, axin, and TCF4 genes, which were 
associated with the Wnt signaling pathway, were selected. 
The β‑catenin is the hub of the molecule in the Wnt signaling 
pathway and axin a negative regulator of the Wnt signaling 

pathway (35,36). TCF4 is a Wnt pathway transcription factor 
and is highly expressed in colorectal cancer. To determine 
the effect of curcumin on the Wnt signaling pathway and 
EMT, we used different concentrations of curcumin to treat 
SW620 cells for 24 h, and measured the protein expression 
using western blot analysis. We found that β‑catenin, TCF4 
and vimentin protein expression were significantly reduced, 
while the axin and E‑cadherin protein expression were 
increased in the curcumin group (Fig. 2). By increasing the 
concentration of curcumin, the protein expression was more 
significantly altered. Thus, curcumin is capable of inhibiting 
the Wnt signaling pathway and EMT in SW620 cells.

Curcumin increases the expression of NKD2 and inhibits the 
expression of CXCR4 in SW620 cells. NKD2 acts as an inhib-
itor of the Wnt signaling pathway, playing an important role 
in tumor of EMT (37). Chemokine receptor CXCR4 acts as 
an α‑chemokine receptor specific for stromal‑derived‑factor‑1. 
CXCR4 is highly expressed in various tumors and promotes 
tumor growth and metastasis  (38). Therefore, to clarify 
whether curcumin significantly affected the genes, we carried 
out a biological analysis. We used different concentrations of 
curcumin to treat SW620 cells for 24 h and measured the protein 
expression of the genes using western blot analysis and mRNA 
expression RT-qPCR analysis. The NKD2 protein expression 
was significantly increased, while the CXCR4 protein expres-
sion was reduced in the curcumin group (Fig. 3A). The CXCR4 
mRNA expression was reduced in the curcumin group (Fig. 3B) 
while the NKD2 mRNA expression was significantly increased 
in the curcumin group (Fig. 3C). Thus, curcumin increases 
the expression of NKD2 in the WNT signaling pathway and 
inhibits that of CXCR4 in the SW620 cells.

NKD2 siRNA transfection and Wnt pathway activator 
promotes the Wnt signaling pathway. We demonstrated 
whether the NKD2 siRNA and Wnt pathway activator affects 
the Wnt signaling pathway. SW620 cells were transfected with 
NKD2 siRNA for 48 h and the Wnt pathway activator for 24 h, 

Figure 1. MTS assay for the viability of SW620 cells. Curcumin significantly 
suppressed the viability of SW620 cells. The viability inhibition rates of 
SW620 cells were treated with curcumin (0, 10, 20 and 40 µmol/l) for 24 h. 
*P<0.01, statistically significant.
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respectively, and the Wnt signaling pathway protein expres-
sion levels were detected. Western blot analysis (Fig. 4A‑B) 
revealed that the protein expression of β‑catenin and TCF4 
was significantly upregulated in the NKD2 siRNA and Wnt 
pathway activator group compared to the control group. The 
results suggested that NKD2 siRNA can promote the Wnt 
signaling pathway by silencing the NKD2 gene.

NKD2 siRNA transfection reverses curcumin inhibition of 
the Wnt signaling pathway and EMT in the SW620 cells. 
Curcumin has been previously found to inhibit Wnt signaling 
pathways and EMT in 95D cells (39). Therefore, we examined 
whether curcumin inhibit this pathway by influencing the 
expression of NKD2. Initially, we transfected the SW620 
cells for 48 h with NKD2 siRNA and then treated the cells 

Figure 2. Western blot analysis of the protein expression of β-catenin, axin, TCF4, E-cadherin and vimentin in SW620 cells following curcumin treatment for 
24 h. The concentrations of curcumin were 0, 10, 20 and 40 µmol/l.

Figure 3. (A) Western blot analysis of the protein expression of naked cuticle homolog 2 (NKD2) and chemokine receptor 4 (CXCR4) in SW620 cells after 
curcumin treatment for 24 h. *P<0.05, statistically significant. (B and C) Real-time qPCR analysis of the mRNA expression of the CXCR4 and NKD2 in SW620 
cells after curcumin treatment for 24 h, *P<0.01, statistically significant. The concentrations of curcumin used were 0, 10, 20 and 40 µmol/l.
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with curcumin  (10 µmol/l) for 24  h. β‑catenin and TCF4 
protein expression was significantly increased (Fig. 5A). The 
E‑cadherin protein expression was reduced while the vimentin 
protein expression was increased in the NKD2 siRNA trans-
fection group (Fig. 5B). Thus, previous results (39) together 
with those of the present study demonstrated that curcumin 
inhibits the Wnt signaling pathway and EMT by increasing the 
expression of NKD2.

NKD2 siRNA transfection increases the expression of CXCR4 
in the SW620 curcumin‑treated cells. CXCR4 is closely 
associated with EMT and the two induce and promote each 

other. To confirm whether curcumin inhibited the expression 
of CXCR4 by influencing the expression of NDK2, we 
transfected NKD2 siRNA for 48 h, followed by treatment 
with curcumin  (10  µmol/l) for 24  h in SW620 cells. We 
measured the protein expression using western blot analysis 
and the mRNA expression by RT-qPCR analysis. The CXCR4 
protein expression was significantly increased in the NKD2 
siRNA transfection group  (Fig.  6A). The CXCR4 mRNA 
expression was increased in the NKD2 siRNA transfection 
group (Fig. 6B). Thus, our results demonstrated that curcumin 
inhibited the expression of CXCR4 by increasing the expression 
of NDK2 in the SW620 cells.

Figure 4. (A) Western blot analysis of the protein expression of naked cuticle homolog 2 (NKD2), β-catenin and TCF4 in SW620 cells after NKD2 siRNA 
transfection for 48 h. NC, negative control group; NKD2 siRNA 962 group; NKD2 siRNA 480 group. (B) The protein expression of NKD2, β-catenin and 
TCF4 in SW620 cells treated with the Wnt pathway activator (WAY 262611) for 48 h by western blot analysis. Con, control group; W (0.5 µmol/l), WAY 262611 
(0.5 µmol/l) group; W (1 µmol/l), WAY 262611 (1 µmol/l) group.

Figure 5. (A) Western blot analysis of the protein expression of naked cuticle homolog 2 (NKD2), β-catenin and TCF4 in SW620 cells after NKD2 siRNA 
transfection for 48 h and curcumin treatment for 24 h. (B) Western blot analysis of the protein expression of NKD2, E‑cadherin and vimentin in SW620 
cells after curcumin treatment for 24 h and NKD2 siRNA transfection for 48 h. NC + c, negative control + curcumin group; NKD2 siRNA 962 + c, 
NKD2 siRNA 962 + curcumin group; NKD2 siRNA 480 + c, NKD2 siRNA 480 + curcumin group. 
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CXCR4 expression plasmid transfection increases the viability 
of SW620 curcumin‑treated cells. As a chemokine receptor, 
CXCR4 reflects the invasion and metastasis of tumor cells 
directly. Therefore, we investigated whether CXCR4 expres-
sion plasmid affected the viability of SW620 cells treated with 
curcumin in vitro. We transfected CXCR4 expression plasmid 
for 72 h, followed by treatment with the SW620 cells for 24 h 
with curcumin (10 µmol/l). Cell viability was measured using 
an MTS assay. As shown in Fig. 7, cell viability was increased 
by CXCR4 expression plasmid. The results suggested that 
CXCR4 expression plasmid effectively increased cell viability. 

Thus, curcumin inhibits the viability of SW620 in vitro by 
reducing CXCR4 gene expression.

CXCR4 expression plasmid transfection reverses curcumin 
inhibition of EMT and promotes the expression of CXCR4 in 
the SW620 cells. In the process of tumor invasion and metas-
tasis, CXCR4 is highly expressed in metastatic tissues, and 
tumor invasion and metastasis are closely associatied with 
EMT. Previous experiments (40) confirmed that curcumin 
is capable of inhibiting EMT in HCT116 cells. Thus, we 
transfected CXCR4 expression plasmid to observe whether 
it is able to reverse curcumin inhibition of EMT. We trans-
fected CXCR4 expression plasmid for 72 h in SW620 cells, 
followed by treatment with curcumin (10 µmol/l) for 24 h. 
We measured the protein expression of EMT and CXCR4 
expression using western blot analysis and RT-qPCR analysis. 
E‑cadherin protein expression was reduced while the protein 
expression of vimentin and CXCR4 was increased in the 
CXCR4 expression plasmid transfection group (Fig. 8A). The 
CXCR4 mRNA expression was significantly increased in 
the CXCR4 expression plasmid transfection group (Fig. 8B). 
Thus, CXCR4 expression plasmid is capable of inducing EMT 
and promote the expression of CXCR4 in SW620 cells.

Discussion

Colon cancer, the second most frequent cancer, is a common 
gastrointestinal malignancy that occurs in the junction of the 
rectum and sigmoid colon. The highest incidence of colon 
cancer occurs in middle-aged and elderly individuals (41). 
Patients with advanced colon cancer are prone to distant 
metastases, particularly in the liver, lungs, and peritoneal 
metastasis(40). The present study indicate that EMT plays a 
key role in tumor metastasis . EMT refers to epithelial cells 
that acquire mesenchymal, fibroblast‑like phenotypes with 
reduced cell‑to‑cell adhesion, and loss of cell polarity, with 

Figure 6. (A) Western blot analysis of the protein expression of naked cuticle homolog 2 (NKD2) and chemokine receptor 4 (CXCR4) in SW620 cells after 
NKD2 siRNA transfection for 48 h and curcumin treatment for 24 h. *P<0.05, statistically significant. (B) RT-qPCR analysis of the mRNA expression of 
CXCR4 in SW620 cells after curcumin treatment for 24 h and NKD2 siRNA transfection for 48 h ,*P<0.01 was considered statistically significant. NC + c, 
negative control + curcumin group; NKD2 siRNA 962 + c, NKD2 siRNA 962 + curcumin group; NKD2 siRNA 480 + c, NKD2 siRNA 480 + curcumin group.

Figure 7. MTS assay for SW620 cell viability. Chemokine receptor 4 (CXCR4) 
expression plasmid is capable of reversing curcumin inhibition of SW620 cell 
viability. Blank control + c, blank control + curcumin group; vector + c, nega-
tive control + curcumin group; CXCR4 O.E+c, CXCR4 expression plasmid+ 
curcumin group. *P<0.05, statistically significant.
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increased migration and invasiveness (42). Furthermore, the 
Wnt signaling pathway, one of the important pathways in EMT, 
is important in embryogenesis and human diseases including 
various types of cancer. Wnt signals can be transduced to 
the canonical Wnt pathway for cell‑fate determination or to 
the non‑canonical Wnt pathway for the regulation of tissue 
polarity and cell movement (43). In a previous study, Deng et al 
reported that celecoxib inhibited the Wnt signaling pathway in 
colon cancer (44).

Curcumin is an antioxidant polyphenol derived 
from several curcuma species, commonly known as 
turmeric (Curcuma longa), which has been shown to inhibit 
carcinogen activation and angiogenesis, modulate cell survival 
and apoptosis, with anti‑invasive and anti‑metastatic effects 
on lung, breast and prostate cancer (45,46). Curcumin induces 
anti‑migratory activity, which functions via the Wnt signaling 
pathway (28,47). In the current study, different concentrations 
of curcumin were used for 24 h in SW620 cells. We found that 
curcumin has a strong inhibitory effect on the Wnt signaling 
pathway and EMT. However, these anti‑metastatic effects 
remain to be elucidated. Nevertheless, to the best of our knowl-
edge, the present is the first study to identify that curcumin 
upregulates the expression of NKD2. NKD2, a secreted‑type 
Wnt signaling inhibitor (48), suppressed the Wnt signaling 
pathway significantly. Hu et al reported that myristoylated 
NKD2 antagonizes the Wnt pathway by degrading dishev-
elled‑1 at the plasma membrane (49).Therefore, it can activate 
the Wnt signaling pathway following transfection of NKD2 
siRNA into SW620 cells. We found curcumin inhibited the 
Wnt pathway and EMT by increasing the expression of NKD2.

The chemokine superfamily plays multifaceted roles 
in the regulation of tumor development and progression. 
Chemokines induce leukocyte infiltration to tumors and 

regulate immune functions, direct the homing of tumor 
cells to specific metastatic sites, and regulate antigenicity 
at the tumor milieu (50). Thus, CXCR4 was considered an 
important factor in tumor cell metastasis and is a potential 
therapeutic target for the treatment of cancer. Recent findings 
have indicated that CXCR4 expression is closely associated 
with the Wnt signaling pathway (51,52). Hu et al identified 
that CXCR4 promoted CRC progression and EMT was regu-
lated by the Wnt/β‑catenin signaling pathway in colorectal 
cancer (33). Additionally, Wang et al identified that CXCR4 
is crucial in the metastasis of human ovarian cancer possibly 
by modulating the Wnt/β‑catenin pathway (53). To the best of 
our knowledge, this is the first study to demonstrate that the 
anti‑metastatic effects of curcumin are associated with NKD2, 
the Wnt signaling pathway and CXCR4 in colon cancer cells. 
Curcumin can also inhibit the Wnt signaling pathway through 
the upregulation of NKD2 gene expression, suppression of 
EMT and the expression of CXCR4, and inhibition of tumor 
invasion and metastasis. Results of the present study therefore 
offer a new perspective on the role of curcumin in preventing 
the progression of cancer.
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Figure 8. (A) Western blot analysis of the protein expression of E-cadherin, vimentin and chemokine receptor 4 (CXCR4) after transfection with CXCR4 
expression plasmid for 72 h and treatment with curcumin (10 µmol/l) for 24 h in SW620 cells. *P<0.05, statistically significant. (B) Real-time qPCR analysis 
of the mRNA expression of CXCR4 in SW620 cells after transfected CXCR4 expression plasmid for 72 h and then treated with curcumin (10 µmol/l) for 24 h 
in SW620 cells. *P<0.01, statistically significant. Blank control + c, blank control + curcumin group ; vector + c, negative control + curcumin group; CXCR4 
O.E+c, CXCR4 expression plasmid+ curcumin group.
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