
Abstract. Background/Aim: The chicken ovalbumin
upstream promoter-transcription factor II (COUP-TFII)
regulates cancer cell proliferation and invasion via complex
molecular mechanisms. We aimed to investigate whether
COUP-TFII modulates proliferation and invasion of the
colorectal adenocarcinoma cell line HT-29. Materials and
Methods: HT-29 cells were stably tranfected with COUP-
TFII shRNA plasmid to knock-down COUP-TFII (COUP-
TFII shRNA-HT-29 cells). Cell proliferation, colony
formation assay, invasion assay, microarray assays and
western blot analyses were performed. Results: Cell
proliferation and invasion were significantly enhanced in
COUP-TFII shRNA-HT-29 cells. The protein levels of
forkhead box C1 (FOXC1), p-Akt, p-glycogen synthase
kinase-3β (p-GSK-3β), and β-catenin, which are known to
be involved in cell proliferation and invasion, were
significantly increased in COUP-TFII shRNA-HT-29 cells.
Akt inhibitor IV and dominant negative (DN)-Akt expression
vector transfection reversed the increased proliferation and
invasion, which was accompanied by decreased protein
levels of p-Akt, p-GSK-3β, β-catenin and FOXC1.
Conclusion: COUP-TFII knock-down promoted proliferation
and invasion via activation of Akt/GSK-3β/β-catenin and up-
regulation of FOXC1. Further studies on the molecular
mechanism of interaction between β-catenin and FOXC1
expression may reveal novel target molecules for metastatic
colorectal cancer therapy.

Colorectal cancer (CRC) is one of the most common causes
of cancer-related deaths worldwide (1, 2). The incidence of
CRC is rapidly growing in Asian countries, with rates similar
to that of Western countries (3, 4). Cancer metastasis, which
accounts for about 90% of cancer deaths, is the critical
unresolved challenge underlying cancer morbidity and
mortality (5). In addition, 80% of the first diagnosed
metastatic colon cancer patients do not survive for more than
five years (6). Thus, a better insight into the underlying
mechanisms of tumor metastasis is necessary to improve the
survival rate of metastatic CRC.

The orphan nuclear receptor chicken ovalbumin upstream
promoter-transcription factor II (COUP-TFII) belongs to the
superfamily of steroid/thyroid hormone receptors with highly
conserved motifs (7). It regulates various biological
processes, including organ development, cell fate
determination, and gene expression (8). Recent reports have
shown that COUP-TFII significantly contributes to the
regulation of metabolism and angiogenesis in metastasis,
tumor progression, and tumor formation (9). Evidence
suggests that COUP-TFII promotes tumor progression by
enhancing cell proliferation and invasion (10, 11). However,
COUP-TFII has also been reported to act as a tumor
suppressor. For example, overexpression of COUP-TFII in
breast cancer cell lines leads to increased expression of
cyclin D1 and p21, resulting in reduced cell growth and
plating efficiency (12). In line with this, expression of
COUP-TFII has been shown to be reduced in human gastric
cancer cells compared to normal cells (13). In addition,
ectopic expression of COUP-TFII is reported to inhibit liver
metastasis in vivo, as well as cell proliferation, migration and
invasion in vitro (13). Our previous studies showed that
COUP-TFII is a good prognostic factor in CRC patients (14,
15). Thus, further investigation into the role of COUP-TFII
in CRC is required.

Forkhead box C1 (FOXC1), a member of the forkhead box
transcription factor family, is an important transcriptional
regulator of crucial proteins involved in several cancers (16).
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Its expression is increased in cell proliferation, migration,
angiogenesis, and cancer stem cell (CSC) maintenance (16).
FOXC1 induces CSC-like properties in non-small cell lung
cancer (NSCLC) by promoting β-catenin expression in vitro
and in vivo, suggesting FOXC1 as a promising molecular
target for anti-CSC-based therapies in NSCLC (17). FOXC1
is overexpressed and associated with poor survival in triple-
negative breast cancer (TNBC). It was reported that WNT5A
and matrix metalloproteinase 7 (MMP7) were up-regulated
by FOXC1 in TNBC cells (18). In addition, FOXC1
overexpression has been shown to promote CRC invasion and
lung metastasis (19).

MMP7 has been identified as an important downstream
effector of FOXC1-mediated invasiveness (20). MMP7 is
associated with invasive tumor growth and distant metastasis
in CRC (21, 22). Elevated expression of MMP7 has been
reported in several major types of cancer, including CRC and
pancreatic carcinoma (23, 24). MMP7 is also known to
enhance angiogenesis via degradation of soluble vascular
endothelial growth factor (VEGF) receptor-1 and to potentially
promote metastasis of colon carcinoma cells (25, 26).

The role of COUP-TFII in CRC is not clearly defined.
Therefore, we established a stable cell line knocking-down
COUP-TFII in the CRC cell line HT-29, which exhibits high
endogenous COUP-TFII expression, and examined the
effects of COUP-TFII knock-down on the proliferation,
colony-forming ability, migration, and invasion of HT-29
cells. In addition, microarray analysis was conducted to
identify the target genes regulated by COUP-TFII. Our
results suggest that COUP-TFII knock-down enhanced cell
proliferation and invasion via activation of Akt pathway and
increased expression of FOXC1 in HT-29 cells.

Materials and Methods

Cell cultures. The human CRC cell line HT-29 was obtained from
the Korean Cell Line Bank (Seoul National University, Seoul,
Republic of Korea), established from moderately differentiated
human colon adenocarcinoma, and cultured in Dulbecco’s modified
Eagle’s medium (DMEM) (Hyclone, Logan, UT, USA)
supplemented with 10% fetal bovine serum (FBS) (Gibco, Carlsbad,
CA, USA), 100 U/ml penicillin, and 100 μg/ml streptomycin
(Hyclone, Pasching, Austria). Cultures were maintained in a
humidified atmosphere of 5% CO2 at 37˚C.

Chemicals and antibodies. Crystal violet and agarose were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Akt inhibitor IV (124015)
was purchased from Calbiochem (San Diego, CA. USA). Anti-Akt
(#4685), anti-p-Akt (#4060), anti-Cyclin D1 (#2926), anti-
phosphatase and tensin homologue deleted on chromosome 10
(PTEN) (#9556), anti-glycogen synthase kinase (GSK)-3β (#9332),
anti-p-GSK-3β (#9336), anti-N-cadherin (#13116), and anti-E-
cadherin (#3195) antibodies were obtained from Cell Signaling
Technology (Danvers, MA, USA). Anti-vimentin (ab92547), anti-c-
Myc (ab32072), anti-FOXC1 (ab5079), and anti-MMP7 (ab5706)

antibodies were acquired from Abcam (Cambridge, UK), while anti-
COUP-TFII antibody (PP-H7147-00) from Perseus Proteomics Inc.
(Tokyo, Japan). The anti-β-actin (A1978), anti-rabbit IgG (A0545),
and anti-mouse IgG secondary antibodies (A9044) were purchased
from Sigma-Aldrich. Unless otherwise stated, all other chemicals
were purchased from Sigma-Aldrich.

Generation of COUP-TFII-knock-down HT-29 cell line. HT-29 cells
were transfected with 2 μg of SureSilencing shRNA plasmid for
human NF2F2 (KH05883P), as well as a non-targeting control (NC)
shRNA (Qiagen, Hilden, Germany) using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) following the manufacturer’s
recommended instructions. After transfection, stable cell lines were
established after puromycin selection (5 μg/ml) for 14 days.

Cell counting assay. Cells from both groups (COUP-TFII-knock-
down and NC control) were seeded in 6-well plates (1.5×105/well)
and cultured for 24, 48 and 72 h. After incubation, the cells were
treated with trypsin/EDTA and stained with trypan blue. The live
cells were counted using a hemocytometer. The experiments were
repeated three times.

Cell proliferation assay. Carboxyfluorescein diacetate succinimidyl
ester (CFSE) labeling assay was performed to evaluate cell
proliferation as previously described (27, 28). In brief, cells (COUP-
TFII-knock-down and NC control group) were washed with PBS
three times, and treated with 1 μM CFSE (Molecular Probes,
Invitrogen) for 15 min. After washing, the cells (1×105 cells/well)
were incubated with a fresh medium containing 10% FBS, seeded,
and cultured for 24, 48, or 72 h in 6-well plates. Cells were
analyzed using flow cytometry (FACSCalibur; BD Biosciences).
Each experiment was performed in triplicate.

Western blot analysis. Cell lysates were obtained from COUP-
TFII-knock-down and control cells and western blot analyses were
performed as described previously (29). The protein concentration
in each lysate was determined using the Bio-Rad Protein Assay
Reagent (Bio-Rad Lab., Richmond, CA, USA), according to the
manufacturer’s procedure. The lysate samples (30 μg protein each)
were subjected to SDS-PAGE. After electrophoresis, the separated
proteins were transferred to PVDF membranes (Merck Millipore,
Darmstadt, Germany). Blots were blocked with 5% skim milk in
PBS at room temperature (RT) for 1 h. The blots were probed with
the appropriate primary antibody overnight. After washing, blots
were probed with a secondary antibody for 2 h. After another
wash, the signals were detected with ECL detection reagents
(Amersham, Buckinghamshire, UK) according to the
manufacturer’s protocol. The blots were also probed with a
monoclonal anti-β-actin antibody, which served as an internal
control. Bands were quantified using Image Studio Lite Ver 3.1
(LI-COR, Inc., Lincoln, NE, USA).

Immunofluorescence staining. HT-29 cells from both groups
(COUP-TFII-knock-down and NC control) were cultured on a Lab-
Tek®ChamberSlide™ (Nalgene Nunc, Inc., Rochester, NY, USA).
Cells were fixed with 3% formaldehyde, permeabilized using 0.3%
Triton X-100, and blocked for 30 min with 5% bovine serum
albumin (BSA) at RT. After wash, a series of antibodies were used
as indicated, followed by staining with FITC-conjugated anti-mouse
IgG, Alexa-488-conjugated anti-rabbit IgG or Cy3-conjugated anti-
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rabbit IgG (Santa Cruz Biotechnology, Santa Cruz, CA, USA). Cell
nuclei were stained with Hoechst dye. The samples were mounted
using glycerol, and analyzed with a confocal microscope (Carl Zeiss
LSM800; Carl Zeiss, Jena, Germany) using a 40× C-Apochromat
objective. Negative control staining was carried out using only
secondary antibodies.

Wound healing assay. Cells were seeded in 6-well plates and
incubated for 48 h at 37˚C until >90% confluence. A straight wound
was created using a 200-μl pipette tip. After washing with serum-
free medium twice, the cells were cultured to migrate into the
wound area. Images of the migrated cells were captured with an
inverted microscope (Nikon Eclipse TS100; Nikon, Tokyo, Japan).
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Figure 1. Knock-down of chicken ovalbumin upstream promoter-transcription factor II (COUP-TFII) enhances cell proliferation and colony-forming
ability of HT-29 cells. (A and B) Establishment of COUP-TFII knock-down stable cell lines in HT-29 cells: The expression of COUP-TFII was evaluated
by western blot (A); β-actin was used as a loading control and densitometry results (values above each lane) were expressed relative to the non-targeting
control (NC) shRNA group. Representative data of three independent experiments are shown. (B) Immunofluorescence staining was also used to confirm
knock-down of COUP-TFII (FITC) in the COUP-TFII shRNA-HT-29 cells. Cell nuclei were stained with Hoechst dye. (C) Cell proliferation was evaluated
with a cell counting assay at the indicated time points (24, 48, and 72 h). (D) Cells were stained with carboxyfluorescein diacetate succinimidyl ester
(CFSE) before plating, then were cultured for the indicated times, and analyzed by flow cytometry as described in the Materials and methods. (E) Colony
formation assay was performed in NC shRNA- and COUP-TFII shRNA-HT-29 cells. The numbers of colonies were counted and shown graphically. Each
value is expressed as mean±standard deviation (SD) (n=3). *p<0.05, **p<0.01, ***p<0.001, versus NC shRNA-HT-29 cells.



Transwell invasion assay. Cell invasion was determined using
Transwell chambers (Corning Inc., Lowell, MA, USA). Cells (1×105)
were suspended in 200 μl of serum free medium and inoculated into
each upper chamber of the 24 well plates, which were precoated with
50 μl of Matrigel (1 μg/μl; BD Biosciences, San Jose, CA, USA). The
lower chamber was suspended in 600 μl DMEM with 10% FBS and
incubated for 48 h at 37˚C with 5% CO2. The cells on the upper
surface were removed with a cotton swab and the cells that migrated
to the underside of the membrane were fixed with 4% formaldehyde
in PBS for 30 min at RT, stained with 0.1% crystal violet (Sigma
Aldrich) for 20 min and washed with PBS three times. The cells in
five random fields at ×200 magnification were counted using an
inverted microscope (Nikon Eclipse TS100). It was expressed as the
average number of cells/field of view.

Colony formation assay. The adhesion-independent proliferation of
cells was evaluated by colony formation assay. Briefly, a bottom
layer of medium containing 0.5% agar was placed in 6-well plates
(SPL, Pocheon-si, Gyeonggi-do, Republic of Korea). Cells
suspended in 0.35% agar medium were added in each well (1×104
cells/well) and were incubated at 37˚C. The culture medium was
replaced with fresh every 2 days. After 2 weeks, the cells were
washed with PBS and stained with 0.1% crystal violet for 20 min
at RT. The total fields were counted under an inverted microscope
at ×100 magnification. All experiments were performed in triplicate.

Microarray analysis. Total RNA from NC shRNA-HT-29 and COUP-
TFII shRNA-HT-29 cells was extracted using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). The Affymetrix Whole Transcript
Expression array procedure was performed according to the
manufacturer’s protocol (GeneChip Whole Transcript PLUS Reagent
Kit). The cDNA was synthesized using the GeneChip Whole Transcript
(WT) amplification kit as described by the manufacturer. The sense
cDNA was fragmented and labeled with biotin linked to terminal
deoxynucleotidyl transferase (TTT) using the GeneChip WT Terminal
labeling kit. The labeled DNA target (approximately 5.5 μg) was
hybridized on an Affymetrix Gene Chip Human 2.0 ST Array at 45˚C
for 16 h. Hybridized Affymetrix Gene Chip Human 2.0 ST arrays were
washed and stained with Gene Chip Fluidics Station 450 and scanned
with a GCS3000 scanner (Affymetrix). Signal values were verified by
Affymetrix® GeneChip™ Command Console software.

Dominant negative (DN)-Akt expression vector transfection and Akt
inhibitor IV treatment. The COUP-TFII shRNA-HT-29 cells were
transfected with 2 μg of DN-Akt expression vector (DN-Akt; #21-
152) or the empty vector (pUSEamp; #21-147, Upstate Technology)
using lipofectamine 2000, according to the manufacturer’s
instructions. After transfection, cells were cultured in 10% FBS-
supplemented DMEM for 48 h. In addition, the COUP-TFII
shRNA-HT-29 cells were treated with Akt inhibitor IV and cultured
in 10% FBS-supplemented DMEM for 48 h. These cells were then
used to determine cell proliferation, and conduct transwell invasion
assay, immunofluorescence staining and western blot analysis.

Statistical analysis. Statistical analyses were performed using the
SPSS 23.0 statistical package for Windows (SPSS, Chicago, IL,
USA). Data are expressed as the mean±standard deviation (SD)
from three independent experiments. The unpaired Student’s t-test
was used to determine statistical significance. Statistical significance
was defined as p<0.05.

Results

Knock-down of COUP-TFII promoted cell proliferation and
colony formation. To examine the effects of COUP-TFII
knock-down on the HT-29 cell line, COUP-TFII was stably
knocked-down using the COUP-TFII shRNA vector. NC
shRNA was used as the control. Western blot analysis
(Figure 1A) and immunofluorescence staining (Figure 1B)
confirmed effective down-regulation of COUP-TFII in
COUP-TFII shRNA-HT-29 (#1, 4) cells. 

COUP-TFII knock-down significantly enhanced the
proliferation of HT-29 cells, as shown by cell counting (1.25-
fold compared to NC shRNA-HT-29 cells, p<0.0001 at 72 h;
Figure 1C) as well as by the CFSE proliferation assay (Figure
1D). Moreover, COUP-TFII knock-down promoted colony
formation in HT-29 cells (1.98-fold, p<0.01, compared to the
control cells; Figure 1E). Our data indicated that COUP-TFII
knock-down promoted both cell proliferation and colony-
forming ability of HT-29 cells.

Knock-down of COUP-TFII enhanced the migration and
invasion of HT-29 cells. To investigate the effect of COUP-
TFII knock-down on migration and invasion, NC shRNA-
HT-29 and COUP-TFII shRNA-HT-29 cells were evaluated
via wound-healing assay and transwell invasion assay. In the
wound-healing assay, scratch-wound closure was more rapid
in COUP-TFII shRNA-HT-29 cells (2.49-fold at 24 h,
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Figure 2. Knock-down of chicken ovalbumin upstream promoter-
transcription factor II (COUP-TFII) promoted cell migration and
invasion. (A) Upper panel: Representative findings of non-targeting
control (NC) shRNA group and COUP-TFII shRNA-HT-29 cells in the
wound healing assay are presented (magnification ×100). Lower panel:
The extent of cell migration is indicated as the percentage of scratch
wound closure compared to the scratch area at time point 0 h. Data are
presented as the mean±SD of at least three experiments. *p<0.05,
**p<0.01, versus NC shRNA-HT-29 cells. (B) Upper panel: Two
representative images of the transwell invasion assay are presented
(magnification ×200); cell invasion was markedly enhanced in the
COUP-TFII shRNA-HT-29 compared to the control NC shRNA-HT-29
group. Lower panel: To quantify invasion assay results, the invaded
cells were counted in five randomly chosen visual fields, and data are
presented in the graph as the mean±SD of three experiments.
***p<0.001, vs. the NC shRNA-HT-29 cells. (C) Protein expression of
COUP-TFII and epithelial-mesenchymal transition (EMT) biomarkers
such as E-cadherin, N-cadherin and vimentin was determined by
western blot analysis. Representative western blots of three experiments
are shown. Densitometry results (values above each lane) were
expressed relative to the control group (NC shRNA-HT-29 cells), after
normalization to loading control β-actin. Representative data of three
independent experiments are shown. (D) Quantified western blot results
are also presented in the chart; data are presented means±SD of three
experiments. **p<0.01, ***p<0.001, vs. the NC shRNA-HT-29 cells.
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p<0.01; 2.05-fold at 48 h, p<0.01; 1.72-fold at 72 h, p<0.05;
and 1.53-fold at 96 h, p<0.05), compared to NC shRNA-HT-
29 cells (Figure 2A). In the transwell invasion assay, the
number of invading cells was significantly increased in the
COUP-TFII shRNA-HT-29 compared to the NC shRNA-HT-
29 group (10.04-fold, p<0.001) (Figure 2B). In order to

explain this finding, the expression levels of epithelial-
mesenchymal transition (EMT)-related markers were
evaluated by western blot analysis in NC shRNA-HT-29 and
COUP-TFII shRNA-HT-29 cells. COUP-TFII knock-down
significantly increased the expression levels of N-cadherin
(3.19±0.48-fold, p<0.01) and vimentin (2.54±0.32-fold,
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Figure 3. Comparison of microarray findings with western blots of chicken ovalbumin upstream promoter-transcription factor II (COUP-TFII)
shRNA- and non-targeting control (NC) shRNA-HT-29 cells. (A) A total of 553 differentially expressed genes were identified in COUP-TFII shRNA-
HT-29 compared to NC shRNA-HT-29 cells (fold change>2 and p<0.05) including 225 up-regulated and 328 down-regulated genes. (B) The heatmap
of differentially expressed genes generated from microarray analysis is shown. The color scale at the top left of the heatmap represents normalized
expression data (yellow indicates up-regulation and blue denotes down-regulation). (C) Expression levels of two up-regulated genes [forkhead box
C1 (FOXC1) and matrix metalloproteinase 7 (MMP7)] were compared between COUP-TFII shRNA-HT29 and NC shRNA-HT-29 cells. (D)
Expression levels of FOXC1 and MMP7 were also examined by western blot analysis. Densitometry results (values above each lane) were expressed
relative to the control group (NC shRNA-HT-29 cells), after normalization to loading control β-actin. Representative data of three independent
experiments are shown. Quantified western blot results are also presented in the chart; data are presented means±SD of three experiments. *p<0.05,
**p<0.01, ***p<0.001, vs. the NC shRNA-HT-29 cells.



p<0.01), and decreased the expression of E-cadherin
(0.12±0.04-fold, p<0.001) compared to control cells (Figure
2D). These results suggested that COUP-TFII knock-down
enhanced migration and invasion via induction of EMT.

Analysis of differentially expressed mRNA between COUP-
TFII shRNA- and NC shRNA-HT-29 cells. As described
above, silencing of COUP-TFII resulted in increased cell
proliferation, migration, and invasion of HT-29 cells. To
identify the molecules implicated in these processes,
microarray analyses were performed using NC shRNA- and
COUP-TFII shRNA-HT-29 cells. Microarray results showed
that 553 (filtering criteria; fc>2.0) mRNAs were
differentially expressed between COUP-TFII shRNA-HT-29
and NC shRNA-HT-29 groups. Among the differentially

expressed genes, 225 (fc>2.0) were up-regulated and 328
(fc>2.0) were down-regulated (Figure 3A). The heatmaps for
sample and probe identification of similar expression levels
(normalized values) were grouped into hierarchical clusters
(Euclidean method, full linkage). The heatmap of the two
groups showed a distinct mRNA expression profile (Figure
3B). As shown in Figure 3C, FOXC1 and MMP7, which are
important molecules related to EMT and invasion (17, 20),
were significantly increased in COUP-TFII shRNA-HT-29
cells (1.91±0.20-fold, p<0.05 and 4.36±0.56-fold, p<0.05,
respectively) compared to NC shRNA-HT-29 cells. The
expression of the two differentially expressed genes was
validated by western blot. The results showed that FOXC1
and MMP7 expressions were significantly increased in
COUP-TFII shRNA-HT-29 cells compared to NC shRNA-
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Figure 4. Chicken ovalbumin upstream promoter-transcription factor II (COUP-TFII) knock-down enhanced the protein levels of p-Akt, p-glycogen
synthase kinase-3β (p-GSK-3β), and β-catenin and led to nuclear translocation of β-catenin in HT-29 cells. (A) Western blot was used to detect
the key signaling molecules. Densitometry results (values above each lane) were expressed relative to the non-targeting control (NC) shRNA group
after normalization to loading control β-actin. Representative data of three independent experiments are presented. (B) Quantified western blot
results are also presented in the chart; data are presented means±SD of three experiments. **p<0.01, ***p<0.001 indicates significant difference
compared to the control (NC shRNA-HT-29 cells). NS denotes no significance. (C) The expression of COUP-TFII (Alexa-488) and β-catenin (Cy3)
in NC shRNA- and COUP-TFII shRNA-HT-29 cells was detected by immunofluorescence staining. Cell nuclei were stained with Hoechst dye. The
results are representative of three separate experiments.



HT29 cells (FOXC1: 2.66±0.26-fold, p<0.001, MMP7:
3.39±0.40-fold, p<0.01; Figure 3D). These results were
consistent with those of the microarray analysis (Figure 3C).
These data suggest that FOXC1 and MMP7 may contribute
to enhanced migration and invasion in COUP-TFII shRNA-
HT-29 cells. 

COUP-TFII knock-down activated Akt/GSK-3β/β-catenin
pathway in HT-29 cells. To elucidate the possible mechanism
by which COUP-TFII knock-down enhances FOXC1 and
MMP-7 expression, we evaluated the protein expression of
Akt/GSK-3β/β-catenin signaling pathway in COUP-TFII
shRNA- and NC shRNA-HT-29 cells. The results revealed that
COUP-TFII knock-down significantly increased the protein
levels of p-Akt, p-GSK-3β, and β-catenin (3.63±0.29-fold,
p<0.001; 2.44±0.25-fold, p<0.01; and 3.31±0.46-fold, p<0.01,
respectively), while the PTEN and p-β-catenin protein levels
were decreased (0.21±0.07-fold, p<0.001 and 0.13±0.01-fold,
p<0.001, respectively) compared to NC shRNA-HT-29 cells
(Figure 4A and B). It has been previously reported that PTEN
inhibits the Akt pathway by removing the 3-phosphate from the
phosphatidylinositol 3-kinase (PI3K) product phosphatidy-
linositol-3,4,5-triphosphate (PIP3) to produce phosphati-
dylinositiol-4,5-bisphosphate (PIP2) (30). Thus, the increased
p-Akt level in COUP-TFII shRNA-HT-29 cells may be
attributed to the decreased PTEN expression. In addition, Akt
regulates EMT and invasion (31, 32). GSK-3β is one of the
downstream targets of Akt, which is known that when directly
phosphorylated at Ser9 and inactivated by p-Akt, and the
inactivation of GSK-3β leads to stabilization and nuclear
translocation of β-catenin (33, 34). The nuclear translocation
of β-catenin induces EMT and metastasis (35). Similar to the
induction of EMT and increased invasion in COUP-TFII
shRNA-HT-29 cells (Figure 2), we analyzed the expression and
localization of β-catenin in COUP-TFII shRNA- and NC
shRNA-HT-29 cells using immunofluorescence staining. As
shown in Figure 4C, β-catenin expression was increased and
translocated into the nucleus in COUP-TFII shRNA-HT-29
cells, while β-catenin was localized to the membrane of control
cells. These results suggested that COUP-TFII knock-down
activated Akt/GSK-3β/β-catenin pathway in HT-29 cells. To
confirm the activation of β-catenin by COUP-TFII knock-
down, the expression levels of c-Myc and cyclin D1, which are
downstream targets of β-catenin (36), were analyzed. The
results showed that c-Myc (2.69±0.31-fold, p<0.01) and cyclin
D1 levels (2.33±0.09-fold, p<0.001) were increased in COUP-
TFII shRNA-HT-29 cells, compared to control cells (Figure
4B). Since it has been previously reported that FOXC1
expression is regulated by β-catenin (37), we suggest that the
increased expression of FOXC1 induced by COUP-TFII
knock-down may be attributed to the activation of β-catenin.
Further studies using β-catenin shRNA knock-down are needed
to investigate whether β-catenin regulates FOXC1 expression.

Inhibition of Akt by Akt inhibitor IV and DN-Akt expression
vector transfection reversed the enhanced proliferation and
invasion by COUP-TFII knock-down in HT-29 cells. COUP-
TFII knock-down activated Akt/GSK-3β/β-catenin axis in
HT-29 cells. To investigate whether the increased Akt activity
was required for enhanced cell proliferation and invasion by
COUP-TFII knock-down, COUP-TFII shRNA-HT-29 cells
were treated with Akt inhibitor IV, and the proliferation and
invasion were determined. The results demonstrated that
treatment with Akt inhibitor IV significantly inhibited COUP-
TFII knock-down-induced cell proliferation (0.8-fold at 24 h,
p<0.05; 0.36-fold at 48 h, p<0.001; 0.22-fold at 72 h,
p<0.001; Figure 5B) and invasion (50.4±5.5 vs. 115.0±4.7
cells, p<0.001; Figure 5D) in COUP-TFII shRNA-HT-29
cells. Western blot analyses showed that the p-Akt level was
decreased (0.23±0.17, p<0.01) and the protein levels of
downstream molecules [p-GSK-3β (0.99±0.04, p<0.05), β-
catenin (1.24±0.04, p<0.001), c-Myc (1.23±0.28, p<0.05),
cyclin D1 (0.89±0.13, p<0.05), vimentin (1.34±0.11,
p<0.05), and N-cadherin (2.07±0.12, p<0.01)] were
decreased by Akt inhibitor IV (Figure 5A). In addition, the
expressions of FOXC1 and MMP-7, which mediate EMT and
invasion, were decreased by Akt inhibitor IV (1.50±0.68,
p<0.05 and 0.49±0.01, p<0.01, respectively; Figure 5A).
Moreover, immunofluorescence staining showed that nuclear
translocation of β-catenin induced by COUP-TFII knock-
down was inhibited by Akt inhibitor IV. These results
suggested that Akt acts upstream of GSK-3β, β-catenin,
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Figure 5. Akt inhibitor IV reversed the enhanced cell proliferation and
invasion induced by chicken ovalbumin upstream promoter-transcription
factor II (COUP-TFII) knock-down. (A) Left panel: Akt inhibitor IV was
added to COUP-TFII-shRNA-HT-29 cells. Protein lysates were analyzed
by western blot analysis. β-actin was used as a loading control. The
blot is representative of three separate experiments. Densitometry
results (values above each lane) were expressed relative to the non-
targeting control (NC) shRNA, after normalization to loading control
β-actin. Right panel: Quantified western blot results are also presented
in the chart; data are presented means±SD of three experiments.
*p<0.05, ***p<0.001 vs. NC shRNA-HT-29 cells; #p<0.05, ##p<0.01
vs. COUP-TFII shRNA-HT-29 cells. NS denotes no significance. (B)
After the addition of Akt inhibitor IV, the effects of COUP-TFII knock-
down on cell proliferation were significantly reversed. *p<0.05,
***p<0.001 vs. NC shRNA-HT-29 cells; ###p<0.001 vs. COUP-TFII
shRNA-HT-29 cells. (C) The ability of the Akt inhibitor IV to reverse the
effects of COUP-TFII knock-down on cell proliferation was also
confirmed by CFSE staining. (D) Akt inhibitor IV reversed the enhanced
cell invasion induced by COUP-TFII knock-down. ***p<0.001 vs. NC
sRNA-HT-29 cells; ###p<0.001 vs. COUP-TFII shRNA-HT-29 cells. (E)
Akt inhibitor IV inhibited nuclear translocation of β-catenin (Cy3)
induced by COUP-TFII knock-down in COUP-TFII shRNA-HT-29 cells.
Cell nuclei were stained by Hoechst dye. The results are representative
of three separate experiments. 
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FOXC1, and MMP-7. To confirm these observations, DN-Akt
expression vector was transfected into COUP-TFII shRNA-
HT-29 cells. Cell proliferation and invasion assays, western
blot, and immunofluorescence staining analyses were
performed. The results were similar to those of Akt inhibitor
IV pretreatment (Figure 6). Taken together, these results
indicated that COUP-TFII knock-down enhanced cell
proliferation and invasion via activation of the Akt/GSK-
3β/β-catenin pathway in COUP-TFII shRNA-HT-29 cells.

Discussion

Despite intensive studies investigating the role of COUP-
TFII in cancer, its role and mechanisms have not been well-
established (9-13). Most of studies suggest that COUP-TFII
acts as a tumor promoter by enhancing invasion and
metastasis (9-11). However, several reports suggest that
COUP-TFII acts as a tumor suppressor via inhibition of cell
proliferation and invasion (12, 13). We have previously
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demonstrated that COUP-TFII might be a good prognostic
indicator in CRC patients (14, 15). Herein, we examined
the effect of COUP-TFII knock-down on cell proliferation,
migration, and invasion by using stably knocked-down
COUP-TFII shRNA-HT-29 cells. COUP-TFII shRNA-HT-
29 cells were shown to have increased colorectal cancer

cell proliferation, migration, and invasion compared to the
NC control cells. These results are similar to Wang’s study
(13), which suggested that COUP-TFII knock-down
promotes cell proliferation, migration and invasion of
normal gastric mucosa cells (GES-1), even though a
different cell line was used.
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Figure 6. Dominant negative-Akt (DN-Akt) transfection reversed the increased cell proliferation and invasion induced by chicken ovalbumin upstream
promoter-transcription factor II (COUP-TFII) knock-down. (A) COUP-TFII shRNA-HT-29 cells were transiently transfected by lipofectamine 2000
for 48 h with an empty vector pUSEamp or a DN-Akt expression vector. After transfection, protein lysates were prepared and used for western blot
analysis with the corresponding antibodies. β-Actin was used as a loading control. The blot is representative of three separate experiments.
Densitometry results (above each lane) were expressed relative to the non-targeting control (NC) shRNA group, after normalization to loading
control β-actin. (B) DN-Akt transfection reversed the increased cell proliferation in COUP-TFII shRNA-HT-29 cells, as shown by the cell counting
assay. *p<0.05, ***p<0.001 vs. NC shRNA-HT-29 cells; ###p<0.001 vs. COUP-TFII shRNA-HT-29 cells. (C) These results were also confirmed by
the CFSE proliferation assay. (D) DN-Akt reversed the enhanced cell invasion by COUP-TFII knock-down. ***p<0.001 vs. NC sRNA-HT-29 cells;
###p<0.001 vs. pUSEamp-COUP-TFII shRNA-HT-29 cells. (E) DN-Akt inhibited nuclear translocation of β-catenin (Cy3) induced by COUP-TFII
knock-down. Cell nuclei were stained by Hoechst dye. The results are representative of three separate experiments. 



Invasion and metastasis are characteristics of malignant
cancers (38). EMT promotes cancer cell migration and
invasion (39). In the preset study, we found that COUP-TFII
knock-down resulted in a reduced expression of E-cadherin
(epithelial marker) and increased expression of N-cadherin
and vimentin (mesenchymal markers), contributing to
enhanced migration and invasion of COUP-TFII shRNA-HT-
29 cells. To investigate the molecular mechanism underlying
the enhanced cell proliferation, migration, and invasion
induced by COUP-TFII knock-down, microarray analysis was
performed. Microarray analysis results revealed that many
genes were up- or down-regulated. Among them, we focused
on two genes, FOXC1 and MMP7, due to their implication
in EMT and cell invasion (17, 20). The results showed that
FOXC1 and MMP7 were up-regulated in COUP-TFII
shRNA-HT-29 cells compared to NC shRNA-HT-29 cells.
The increased expression levels of FOXC1 and MMP7 in
COUP-TFII shRNA-HT-29 cells were also confirmed by
western blot analysis. Since MMP7 has been shown to act as
a downstream effector in FOXC1-induced invasion (20), it is
suggested that the levels of FOXC1 and MMP7 may be
regulated by COUP-TFII knock-down due to enhanced
invasion. However, the detailed molecular mechanism
remains unclear and further mechanistic studies are needed.

Accumulating evidence suggests that FOXC1 induces
EMT, resulting in enhanced invasion (40, 41). Especially,
FOXC1 has been shown to enhance proliferation and EMT
of cervical cancer via Akt activation (42). Based on this
previous observation (42), we analyzed the role of Akt/GSK-
3β/β-catenin pathway in enhanced cell proliferation and
invasion induced by COUP-TFII knock-down. It was
demonstrated that p-Akt, p-GSK-3β, and β-catenin levels
were significantly increased in COUP-TFII shRNA-HT-29
cells, compared to NC shRNA-HT-29 cells. Moreover,
nuclear translocation of β-catenin was observed, which
resulted in increased expression of c-Myc, cyclin D1,
vimentin, and N-cadherin in COUP-TFII shRNA-HT-29
cells. The relationship between FOXC1 and β-catenin has
been already reported (37, 43). Specifically, one study
demonstrated that β-catenin can directly regulate the
transcription of FOXC1 (37), while another showed that
FOXC1 regulates β-catenin by binding to the β-catenin
promoter (43). However, in the present study, we did not
evaluate whether the activation of β-catenin and the up-
regulation of FOXC1 are required for enhanced proliferation
and invasion by COUP-TFII knock-down in HT-29 cells.
Thus, further studies are needed to explore the regulatory
network associated with FOXC1 and β-catenin.

To further investigate whether activation of Akt (increased
p-Akt expression) is required for enhanced cell proliferation
and invasion by COUP-TFII knock-down, NC shRNA-HT-
29 and COUP-TFII shRNA-HT-29 cells were treated with
Akt inhibitor IV, and the cell proliferation and invasion were

determined. The results demonstrated that Akt inhibitor IV
significantly reversed the COUP-TFII knock-down-induced
enhanced proliferation and invasion. In addition, similar
results were shown by DN-Akt transfection, while the
reversal of COUP-TFII-induced effects accompanied by
inhibition of nuclear translocation of β-catenin and decreased
expression of FOXC1 and MMP7. These results indicated
that Akt acts upstream of FOXC1 and MMP7 expression,
which is contrary to a previous finding (42). Further studies
are needed to examine the role of FOXC1 in enhanced cell
proliferation and invasion by COUP-TFII knock-down.
Taken together, these data suggest that increased Akt activity
is required for the enhanced cell proliferation and invasion
observed in COUP-TFII shRNA-HT-29 cells.

Conclusion

This study is the first to demonstrate that COUP-TFII knock-
down enhances colorectal cancer cell proliferation and invasion
via activation of the Akt pathway and up-regulation of FOXC1.
Hence, our data suggested that COUP-TFII may have a tumor
suppressive effect through the inhibition of Akt pathway in
CRC patients. Further investigations to elucidate the molecular
crosstalk between FOXC1 and β-catenin, as well as the effect
of COUP-TFII knock-down in vivo may reveal novel targets
for the treatment of metastatic colorectal cancer.
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