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Abstract: Forkhead box protein C2 (FOXC2) plays a vital role in carcinogenesis; however, its significance and prog-
nostic value in colon cancer remain unclear. In this study, FOXC2 expression was analyzed in a tissue microarray 
(TMA) containing 185 samples of primary colon cancer tumor samples and in human colon cancer cell lines. The 
effect of FOXC2 on cell proliferation, tumorigenesis, and metastasis was examined in vitro and in vivo. FOXC2 was 
overexpressed in human colon cancer cells and tissues, and correlated with colon cancer progression and patient 
survival. Functional study demonstrated that FOXC2 promoted cell growth, cell migration, and tumor formation in 
nude mice, whereas knockdown of FOXC2 by short hairpin RNA (shRNAs) significantly suppressed cell growth, cell 
migration and tumor formation. Further study found that FOXC2 enhanced AKT activity with subsequent GSK-3β 
phosphorylation and Snail stabilization, and then induced epithelial-mesenchymal transition (EMT) and promoted 
tumor invasion and metastasis. Collectively, FOXC2 promotes colon cancer metastasis by facilitating EMT and acts 
as a potential prognostic factor and therapeutic target in colon cancer. 
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Introduction

Colorectal cancer (CRC), one of the most com-
mon malignancies, is the third leading cause of 
cancer-related deaths in the United States [1]. 
The incidence of CRC in Asian countries is 
increasing rapidly and is likely similar to that in 
western countries [2, 3]. In China, both the inci-
dence and mortality rate of CRC are increasing 
[4]. Overall, about 50% of patients diagnosed 
with CRC succumbed to the disease, due to 
complications associated with distant metasta-
sis [5]. The underlying molecular mechanisms 
in CRC metastasis are still unclear. 

Epithelial mesenchymal transition (EMT) is the 
process by which epithelial cells are trans-
formed into mesenchymal cells [6]. It may be 
physiological as part of embryological develop-
ment, or pathological as part of cancer devel-
opment. It is one of the key initiating events in 
the metastatic cascade. EMT has profound 
effects on tumor cell invasiveness, proliferation 
and motility. 

Currently, the exact mechanism of EMT prog-
ress remains largely unexplored. However, the 
critical role of some transcriptional factors in 
the activation of EMT has been well document-
ed, including Forkhead box (Fox) transcription 
factors family. For example, FoxM1 induces 
EMT by activating the uPA system/Slug pathway 
or upregulating Snail, leading to metastasis in 
pancreatic [7], breast cancer [8], and lung can-
cer [9]. Forkhead box Q1 promotes hepatocel-
lular carcinoma EMT by transactivating ZEB2 
and VersicanV1 expression [10]. FoxF1 pro-
motes EMT and breast cancer metastasis 
through the inhibition of E-cadherin transcrip-
tion [11]. FoxC1 promotes hepatocellular carci-
noma metastasis through the induction of EMT 
and the up-regulation of NEDD9 expression 
[12]. In contrast, loss of FOXA1/2 is essential 
for the EMT in pancreatic cancer [13]. 
Downregulation of FOXO3a promotes tumor 
metastasis and is associated with metastasis-
free survival of patients with clear cell renal cell 
carcinoma [14]. These studies indicate that Fox 
protein-mediated EMT is involved in tumor 
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metastasis. The critical role of EMT in the 
induction of invasiveness and metastasis in 
CRC suggests that Fox proteins may be involved 
in CRC metastasis. Forkhead box protein C2 
(FOXC2), also known as mesenchyme forkhead 
1 is a gene encoding a transcription factor that 
controls the generation of mesodermal tissue 
such as vascular tissue and lymphatic tissue 
[15, 16]. FOXC2 has been reported to be 
involved in the EMT process in various tumors. 
For example FOXC2 expression induces EMT in 
breast cancer [11, 17, 18] and extrahepatic 
cholangiocarcinoma [19], and high expression 
of FOXC2 is related to a poor prognosis and 
cancer progression in gastric [20], esophageal 
cancer [21] and extrahepatic cholangiocarci-
noma [19]. However, the relationship between 
FOXC2 expression and CRC has not been fully 
investigated. Hence, we examined the expres-
sion of FoxC2 in a large number of colon cancer 
tissues and corresponding normal mucosa tis-
sues to evaluate the clinical significance of 
FoxC2 expression. In additional, we examined 
the in vitro effects of FOXC2 expression on the 
proliferation, migration, and invasion of human 
colon cell lines and its relation with EMT 
markers.

Materials and methods

Patient information and tissue specimens

This study was approved by the Institutional 
Research Ethics Committee and written con-
sents were obtained from all 185 patients with 
pathologically and clinically confirmed colon 
cancer, including 24 cases at stage I, 81 at 
stage II, and 80 at stage III. The matching adja-
cent noncancerous tissue, primary colon can-
cer tissue, and lymph node metastasis lesions 
from the 185 patients were fixed in formalin 
and embedded in paraffin for histological anal-
ysis and immunohistochemical studies. Fresh 
samples were dissected manually to remove 
connective tissues and were immediately 
stored in liquid nitrogen until Western blot anal-
ysis. None of the patients had received neoad-
juvant therapy before surgery. 

Construction of the tissue microarray (TMA) 
and immunohistochemistry (IHC) staining

Construction of the TMA and IHC staining were 
performed as described previously [22]. FOXC2 
anti-human mouse polyclonal antibody was 

used at a dilution of 1:200 (WH0002303M2, 
Sigma-Aldrich); PBS was used as negative con-
trol. Immunoreactivity was evaluated indepen-
dently by two researchers in a blinded fashion. 
A semiquantitative scoring system was used 
[23], which evaluated both staining intensity (0, 
no stain; 1+, weak stain; 2+, moderate stain; 
3+,strong stain) and the percentage of stained 
cells (0, <5%; 1, 5-25%; 2, 26-50%; 3, 51-75%; 
and 4, >75%). Scores for staining intensity and 
percentage positivity of cells were then multi-
plied to generate the immunoreactivity score 
(IS) for each case. All cases were sorted into 
two groups according to the IS. High expression 
of FOXC2 was defined as detectable immunore-
actions in the cytoplasm and nucleus with IS≥4 
[20].

Cell culture 

The human colon cancer cell lines (SW480, 
SW620, HT29, RKO, LoVo, COLO 205, LS174T 
and HCT116) were originally purchased from 
the American Type Culture Collection (Ma- 
nassas, VA, USA). All cell lines were cultured in 
medium according to the Defense Technical 
Information Center recommendation supple-
mented with 10% FBS (Gibico, Life Technology, 
Austria).

Stable transfection of colon cancer cells

The coding sequence of human FOXC2 was 
amplified and cloned into a lentiviral expres-
sion vector, pCDH-CMV-MCS-EF1-Puro, to gen-
erate pCDH-FOXC2. Biologically active short 
hairpin RNAs (ShRNA) were generated using 
the lentiviral expression vector pLKO.1-puro. 
The shRNA target sequence for human FOXC2 
was 5’-CCTGAGCGAGCAGAATTACTA-3’. PLKO.1-
scramble shRNA with limited homology with 
any known sequences in the human was used 
as a negative control. SW480 cells were trans-
fected with the pCDH-FOXC2 expression vector 
or the control vector. RKO cells were transfect-
ed with the pLKO.1-shFOXC2 expression vector 
or pLKO.1-scramble. The cells stably transfect-
ed were isolated using puromycin selection 
after the cells were transfected with expression 
vector or control plasmids.

CCK8 assays

96-well plates were seeded with each group of 
cells at a density of 2000 cells per well and cul-
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Figure 1. Analysis of FOXC2 expression in colon cancer cell lines and tissues. (A) Western blotting (A) and Real-time 
PCR (B) analysis were performed to examine FOXC2 expression in eight colon cancer cell lines. (C) Western blot-
ting analysis was performed to examine FOXC2 expression in five cases of primary colon carcinomas (T) and paired 
noncancerous adjacent tissues (N). GAPDH ise loading control. (D) Immunohistochemical staining of FOXC2 in TMA.
FOXC2 was localized within the cytoplasm/nucleus of cancer cells. Elevated FOXC2 expression in the tumor of colon 
cancer tissue (D2, D4) compared to adjacent normal mucosa with negative staining (D1, D3) (orignal magnification: 
400X for the inserts, 100×X for all).

tured for 24, 48, 72 or 96 h, respectively. 10 μL 
of CCK8 solution was added to each well and 
incubated for 2 h at 37°C. Then, each solution 
was measured spectrophotometrically at 450 
nm to determine cell viability. The cell viability 
of different groups at each measuring time 
point was compared.

Colony formation assay 

6-well plates were seeded with each group of 
cells at a density of 200 cells per well and cul-
tured for 14 days. The surviving colonies (>50 
cells) were counted with crystal violet staining. 
Colony-forming efficiency (CFE %) was defined 
as the ratio of the number of colonies formed in 
culture to the number of cells inoculated. 

In vitro migration and invasion assays

The migration and invasion assays were con-
ducted in a 24-well Transwell chamber (Costar, 
Cambridge, MA) with uncoated membranes or 
membranes coated with Matrigel (BD Bio- 
sciences, San Jose, CA, USA). Briefly, 100 μL of 
cell suspensions (5×104 cells) prepared in 
serum-free medium was loaded in the upper 
well of the chamber, while medium containing 
10% FBS was placed in the lower wells as a 
chemoattractant stimulus. The chamber was 
incubated for 48 h, and the nonmigratory and 
non-invasive cells in the upper chamber of the 
filter were removed with a cotton tip. The 
migrated cells on the bottom surface of the fil-

(Pierce, Thermo Scientific, USA). Cell lysates 
were electrophoresed on SDS-polyacrylamide 
gels and transferred onto polyvinylidene fluo-
ride membranes (Millipore, Billerica, MA, USA). 
Membranes were blocked with 5% BSA in TBST 
buffer (0.1% Tween-20, 20 mM Tris-HCl pH 7.5, 
and 140 mM NaCl) and probed with primary 
antibodies (all from Abcam, UK) at 1:1000 dilu-
tion, followed by secondary antibody-horserad-
ish peroxidase conjugate and bounded proteins 
were visualized using ECL (Pierce, Thermo 
Scientific, USA) and detected using a BioImaging 
System.

Confocal immunofluorescent analysis 

Cells (5×104) were implanted onto a slide for 24 
hours. Cells were fixed with paraformaldehyde 
for 30 minutes, then permeabilized with 0.1% 
Triton X-100 for 5 min at room temperature and 
thereafter the primary antibodies were added 
for incubation for 2 hours at room temperature, 
then cells were incubated with Alexa flours 594 
TgG donkey anti-rabbit (1:500, Invitrogen, USA) 
for an hour at room temperature, nuclei were 
stained with propidium iodide for 5 minutes 
when necessary. Fluorescence images were 
photographed with a confocal microscopy.

Animal experiments

All procedures involving mice were conducted 
in accordance with Fudan University Shanghai 
Cancer Center Animal Care guidelines. All 

Table 1. Expression of FOXC2 in cancer tissues, lymph node me-
tastasis and normal colonic mucosa
Tissue sample n Expression of FOXC2 χ2 Value P Value

Negative Low High
Cancerous tissue†, ‡ 185 13 69 103 184.080 <0.001
Lymph node metastasis† 62 3 13 46
Normal mucosa 185 82 103 0
P value is based on Fisher’s test. †Significant difference in the expression of 
FOXC2 between indicated group and the normal mucosa tissue sample. Cancer-
ous tissue VS normal mucosa, χ2=158.911, P<0.001. Lymph node metastasis VS 
normal mucosa, χ2=169.422, P<0.001. ‡Significant difference in the expres-
sion of FOXC2 between cancerous tissue and the LNM tissue sample, χ2=6.713, 
P=0.035 (Fisher’s exact test).

ter were fixed with 4% parafor-
maldehyde and stained with 
hematoxylin, then counted un- 
der a microscope in four ran-
domly selected fields at ×100 
magnification.

Western blot analysis

Total proteins from cells and 
tissues were extracted in ly- 
sis buffer (Pierce, Thermo 
Scientific, USA), and the con-
centration was determined 
using the BCA protein assay kit 
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Table 2. Association between FOXC2 expression and clinico-
pathological factors in colon cancers (n=185)

Variable n FOXC2  
Expression χ2 Value P value

Negative/
Low High

Gender 0.001 0.974
    Male 82 40 42
    Female 103 50 53
Age 1.082 0.292
    ≤60 61 33 28
    >60 124 57 67
T category 11.096 0.011a

    T1 7 7 0
    T2 23 14 9
    T3 73 36 37
    T4 82 33 49
LNM 12.622 <0.001
    Negative 107 64 43
    Positive 78 26 52
AJCC stage 12.524 <0.001
    I/II 105 63 42
    III 80 27 53
Pathological grading 1.182 0.277
    High/Moderate 166 83 83
    Poor/undifferentiation 19 7 12
Lymphovascular invasion 4.346 0.037
    Negative 174 88 86
    Positive 11 2 9
Ki67 12.265 <0.001
    Negative 52 36 16
    Positive 133 54 79
aFisher’s exact test.

efforts were made to minimize animal suffer-
ing, to reduce the number of animals used, and 
to utilize possible alternatives to in vivo tech-
niques. Tumor cells (5×106 per mouse for 
SW480/Vector and SW480/FOXC2 (n=5), 
2×106 for RKO/Scramble and RKO/shFOXC2, 
n=5) on the forelimbs of each 4-6 week old 
Balb/C athymic nude mouse. Animals were sac-
rificed 6 weeks later or when they had become 
moribund. Tissue were fixed in 10% buffered 
formalin, immersed in an ascending series of 
alcohols, and paraffin embedded. 4 μm sec-
tions were cut and stained with hematoxylin 
and eosin (H & E).

Statistical analysis

Chi-square tests were used to test indepen-
dence, and Student’s t-test to compare continu-

cancerous mucosa in five cases of colon can-
cer patients’ specimens, suggesting that 
FOXC2 expression is upregulated in colon 
cancer.

Association between FOXC2 expression and 
the clinical features of colon cancer

To further determine the clinicopathologic sig-
nificance of FOXC2 expression, IHC was per-
formed to detect the expression of FOXC2 in a 
tissue array containing 185 cases of primary 
colon cancer paired with noncancerous tissue 
and the available 62 cases of lymph node 
metastases (LNM). As shown in Figure 1D, 
FOXC2 protein was localized in the cytoplasm 
and nucleus of the tumor cells, with weak or no 
staining in the normal mucosa. FOXC2 was sig-

ous data. The Kaplan-Meier method 
was used to analyze colon cancer 
patients’ cumulative survival rates. A 
Cox proportional hazards model was 
used to calculate univariate and mul-
tivariate hazard ratios for the study 
variables. All of statistical analyses 
were performed using the statistical 
software package SPSS for Windows, 
version 17 (IBM Corp, Armonk, NY, 
USA). Statistical significance was set 
at two-sided P<0.05.

Results

Aberrant overexpression of FOXC2 
in colon cancer tissue and cell lines

Western blots (Figure 1A) and Real-
time PCR (Figure 1B) analyses 
revealed that all eight colon cancer 
cells, including HT29, LS174T, 
SW480, SW620, RKO, HCT116, 
COLO205, and LoVo express varying 
levels of FOXC2. FOXC2 expression 
levels seems to be consistent with 
the invasive ability of the eight can-
cer cells.

Then, we evaluated the expression 
levels of FOXC2 in colon cancer tis-
sues by using western blots (Figure 
1C) and IHC (Figure 1D) to analyze 
its protein expression in primary 
colon cancerous tissue and paired 
normal colonic mucosa. It showed 
that FOXC2 was highly expressed in 
cancerous tissue relative to non-
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nificantly overexpressed in 55.68% (103/185) 
of primary cancer lesions and in 74.13% 
(46/62) of lymph node metastasis, when com-
pared with adjacent normal colonic tissue. 
There was no high expression in normal muco-
sa (Table 1), suggesting FOXC2 may play a criti-
cal role in the metastasis of colon cancer.

Chi-square analysis showed that the expres-
sion levels of FOXC2 were closely correlated 
with the T classification (P=0.011), lymph node 
involvement (P<0.001), lymphovascular inva-
sion (P=0.037), AJCC (American Joint Commit- 

tee on Cancer) stage (P<0.001), and Ki67 
expression level (P<0.001) in colon cancer 
patients (Table 2). Collectively, these data indi-
cate that FOXC2 may be involved in colon can-
cer carcinogenesis and metastasis.

Overexpression of FOXC2 is associated with 
poor clinical outcome in human colon cancer

After a median follow-up period of 62 months 
(range 12-89 months), 65 out of 185 (35.1%) 
patients relapsed and 57 out of 185 (30.8%) 
died from the disease. FOXC2 was overexpres-
sion in 43 out of 65 (66.15%) of patients who 
relapsed, and in 42 out of 57 (73.68%) of 
patients who died. The incidence of relapses 
and deaths was significantly higher in patients 
with FOXC2 overexpression than those of low/
negative expression (P=0.003 and <0.001, 
respectively). Kaplan-Meier survival analysis 
and log-rank test also showed that the expres-
sion of FOXC2 was significantly correlated with 
overall survival OS (χ2=8.336, P=0.004) and 
DFS (χ2=5.071, P=0.024) of patients with colon 
cancer (Figure 2A, 2B).

FOXC2 shows strong oncogenicity function. 

To determine whether FOXC2 has oncogenic 
function, we established stable FOXC2-
expressing in SW480 cells, and ectopic expres-
sion of the FOXC2 in the cells was determined 
by RT-PCR and western blot (Figure 3A). 
Functional assays were used to characterize 
the tumorigenicity of FOXC2. Our CCK8 assay 
showed cell growth rates in FOXC2-transfected 
cells were significantly higher than those in the 
control cells at 24-, 48-, 72-, and 96-hour time 
points (P<0.001, Figure 3B). We also assessed 
the effect of FOXC2 overexpression on clone 
formation of cancer cells using clone formation 
assay. The results showed that the FOXC2-
transfected cells yielded a higher number and 
larger colonies compared to the control cells 
(P<0.001, Figure 3C).

To confirm this effect in vivo, we performed 
tumorigenesis assays in nude mice by subcuta-
neous injection of control cells (SW480-vector) 
and SW480-FOXC2 cells. After 4 weeks the 
mice were sacrificed and the size and weight of 
the xenograft tumors were measured. The 
results showed that tumors developed from 

Figure 2. The disease-free survival (DFS) (A) and 
overall survival (OS) (B) rates were stimated by the 
Kaplan-Meier method. Both the DFS rate and OS rate 
of patients with FOXC2 positive primary tumor were 
significantly lower than that of patients with FOXC2 
negative primarytmor (log-rank test, P<0.05).
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FOXC2-transfected cells were significantly larg-
er and heavier than tumors from control cells 
(P<0.05) (Figure 3D).

Overexpression of FOXC2 promotes the migra-
tion and invasion of human CRC cells

As FOXC2 overexpression was significantly 
associated with colon cancer invasion, the role 
of FOXC2 in tumor cell migration and invasion 
was investigated. Transwell invasion assay fur-
ther revealed significantly increased cell motili-
ty and invasion with FOXC2 overexpression, as 
compared with control cells (P<0.05, Figure 
3E).

Knockdown of FOXC2 represses tumorigenicity 
and cell motility of human CRC cells

To further confirm the oncogenicity of FOXC2, 
the FOXC2 gene was silenced by shRNAs tar-
geting the sequence CCTGAGCGAGCAGAAT- 
TACTA. The shRNAs were stably transfected 
into the colon cell line RKO. A scrambled shRNA 
was used asnegative control. Real-time PCR 
and western blot indicated that the FOXC2 
mRNA and protein levels were efficiently 
silenced compared with scramble shRNA 
(Figure 3A). Knockdown of FOXC2 expression in 
the cells significantly inhibited the cell growth 
rate (P<0.05, Figure 3B) and frequency of clone 
formation (P<0.05, Figure 3C). To confirm this 
effect in vivo, we performed tumorigenesis 
assays in nude mice by subcutaneous injection 
of control cells (RKO-scramble) and RKO-
ShFOXC2 cells. In contrast to control cells, the 
RKO-ShFOXC2 cells exhibited slower tumor 
growth and remarkably smaller tumor volumes 
(Figure 3D). 

In transwell assay, the numbers RKO-ShFOXC2 
cells, migrated and invaded into the lower com-
partment of the migration chamber, were sig-
nificantly smaller than RKO-scramble (P<0.05, 
Figure 3E). 

FOXC2 induces epithelial-mesenchymal transi-
tion in colon cancer

As EMT is one of the key events in tumor inva-
sion and metastasis, the effect of FOXC2 on 
EMT was analyzed by investigating the expres-
sion levels of EMT markers and EMT-related 
transcription factors. We found that ectopic 
expression of the FOXC2 was correlated with 
overexpression of mesenchymal markers 
vimentin and N-cadherin, and repression of epi-
thelial cell-specific protein β-catenin and 
E-cadherin, a central marker of epithelial cell 
phenotype. Besides, Snail, an EMT-related tran-
scription factors, was also increased in FOXC2-
transfected cells compared with the control 
cells. An opposite expression pattern of these 
genes was observed in FOXC2-silenced cells 
(Figure 4A). These results were confirmed by 
confocal microscopy examination in SW480 
and RKO cells (Figure 4B).

FOXC2 activates the Akt/GSK-3β/Snail path-
way to induce EMT

Activation of AKT plays an important role in 
inducing EMT by inhibiting GSK-3β, leading to 
the stabilization and nuclear localization of 
Snail, thereby triggering cell migration and EMT 
[24]. Therefore, we tested the expression of 
several proteins involved in the Akt/GSK-3β/
Snail pathway by western blot analysis. We 
found that increased expression of Akt, phos-
phorylated Akt (p-AKT308 and 473), phosphor-
ylated GSK3β (p-GSK-3β), and Snail could be 
detected in FOXC2-transfected cells. Con- 
versely, expression levels of these proteins 
were decreased in FOXC2-silenced cells (Figure 
5A).

In additional, to confirm that the oncogenic 
effect of FOXC2 was by activating the Akt/GSK-
3b/Snail pathway, the PI3K inhibitor LY294002 
was used to explore the relationship between 

Figure 3. FOXC2 Shows Strong Oncogenicity Function. Effect of overexpression of FOXC2 in SW480 cells and knock-
down of FOXC2 in RKO cell analyzed by Western blot and RT-PCR (A). Ectopic expression of FOXC2 stimulates SW480 
cell proliferation, conversely, knockdown of FOXC2 inhibits RKO cell proliferation as determined by CCK8 assays 
(B) and colon frmation assays (C). (D) SW480-vector/SW480-FOXC2 and RKO-scramb/RKO-ShFOXC2 cells (1× 
107) were injected in the forelimbs of nude mice. Gross tumors in the mice were showed in right. Tumor weight and 
tumor volumes were measuredonthe indicated days. (E) FOXC2 is associated with migration and invasive ability. 
Overexpression of FOXC2 promotes the migration and invasion of SW480 cells. Knockdown of FOXC2 represses 
migration and invasion of RKO cells. Scale bars = 100 μm. Data represent the mean ± SD and are representative 
of three independent experiments.
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the inhibition of PI3K and the increased cell 
motility induced by FOXC2 in FOXC2 transfect-
ed SW480 cells. Our results showed that 
LY294002 could effectively decrease the levels 
of p-Akt, p-GSK3β, and Snail induced by FOXC2 

(Figure 5B). Transwell assay and CCK8 analysis 
further confirmed that LY294002 could signifi-
cantly decrease cell migration and proliferation 
ability in FOXC2-transfectants cells (P<0.05, 
Figure 5C, 5D).

Figure 4. FOXC2 Induces Epithelial-Mesenchymal Tranitin in Colon Cancer. A. Western-blot analysis of phenotypic 
markers including E-cadherin, β-cadherin vimentin, N-cadherin in SW480-Vector/SW480-FOXC2 and RKO-ShFOXC2/
RKO-Scramble. GAPDH expression was used s he loading control. B. Confocal microscopy analysis of phenotypic 
marker including E-cadherin, vimentin. The Red signal represents the staining of corresponding protein, and the 
green signal represents the nuclear DNA staining by DAPI.
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Figure 5. FOXC2 Activates the Akt/GSK-3β/Snail Pathway 
to Induce EMT. (A) Western-blot analysis of the expression 
of the indicated proteins in the indicated cells. (B) SW480-
FOXC2 cells were treated with the AKT inhibitor LY294002 
(20 μM) or DMSO for 24 h, then harvested to examine the 
expression levels of the indicated proteins by Western blot-
ting. SW480-FOXC2 cell invasion ability was determined by 
Transwell analysis (C) and proliferation ability was deter-
mined by CCK8 assays (D) after treatment with LY294002. 
Scale bars = 100 μm. Data represent the mean ± SD and 
are representative of three independent experiments.

Discussion

Aberrant expression of FOXC2 expression has 
been documented in several human cancers, 
including breast cancer, gastric cancer, ovarian 
cancer, oral squamous cancer, and glioblasto-
ma [17, 20, 25-27]. However, this study is the 
first that reports the up-regulation of FOXC2 is 
associated with the process of EMT in colon 
cancer. The development of colon cancer is a 
multistep process involving the accumulation 
of multiple genetic and epigenetic alterations 
that lead to the activation of oncogenes and 
inactivation of tumor suppressor genes. In this 
study we explored the oncogenicity of FOXC2 in 
the pathogenesis and progression of colon can-
cer. Our results showed that high expression of 
FOXC2 protein was significantly correlated with 

the poor clinicopathological factors character-
istics, such as tumor stage, LNM and eventually 
caused short CSS and DFS. Similar results 
were reported in breast cancer, and ovarian 
cancer [17, 25]. These data strongly suggest 
FOXC2 as an oncogene that plays an important 
role in CRC progression. Our functional studies 
also demonstrated that FOXC2 had strong 
tumorigenicity. Overexpression of FOXC2 pro-
moted cell growth, cell migration, clone forma-
tion, and tumor formation in nude mice. 
Conversely, knockdown of FOXC2 expression 
significantly inhibited these functions in colon 
cells. 

Since accumulating evidence suggests EMT 
plays a critical role in cancer progression, 
through which tissue epithelial cancers invade 
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and metastasis. We tested whether the func-
tion of FOXC2 on cancer cell was by way of 
induction of the EMT pathway. As anticipated, 
FOXC2 overexpression led to the decreased 
protein levels of epithelial marker (β-catenin, 
E-cadherin) and increased expression of mes-
enchymal marker (N-cadherin, vimentin), and 
suppressed FOXC2 expression led to a rever-
sion of EMT progress,. In addition, the expres-
sion level of Snail, an important EMT transcrip-
tion factor, was dramatically modulated by 
FOXC2 expression, increased with FOXC2 over-
expression and decreased when FOXC2 was 
silenced.

Further study found that FOXC2 was able to 
induce EMT of colon cells by way of the activa-
tion of the AKT-GSK3β-Snail signaling pathway. 
We observed activation of Akt pathway in 
FOXC2-induced EMT, which correlates with 
hyper phosphorylated GSK-3β, Snail activation, 
and E-cadherin down-regulation. The transcrip-
tional activity of Snail is regulated by GSK-3β, 
which is negatively regulated by Akt [24, 28]. 
Treatment with Ly294002 abolished the 
FOXC2-induced cell function, accompanied by 
restoration of E-cadherin and decreased vimen-
tin. Meanwhile, p-Akt was decreased and induc-
tion in Snail was reduced. Therefore, our experi-
mental data demonstrated that the AKT-
GSK3β-Snail signaling pathway might play a 
critical role in FOXC2-induced EMT. Previous 
studies also indicated that phosphorylation of 
AKT is associated with a loss of cell adhesion, 
decrease in cell-matrix adhesion, loss of apico-
basolateral cell polarization and induction of 
cell motility[29]. PI3K/AKT pathway was fre-
quently activated in various cancers and played 
an important role in promoting EMT [30]. 

In summary, this is the first report to describe 
that FOXC2 plays a critical role in colon cancer 
by regulating EMT pathway. This study provides 
new evidence supporting the role of FOXC2 in 
the progression of colon cancer. FOXC2 level 
appears to be an independent predictor of sur-
vival for patients with colon cancer. Inhibition of 
FOXC2 expression in colon cancer represents a 
promising option to prevent tumor local 
advance and distant metastases.
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