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Octamer-binding protein 4 affects the cell biology and
phenotypic transition of lung cancer cells involving
B-catenin/E-cadherin complex degradation
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Abstract. Clinical studies have reported evidence for the
involvement of octamer-binding protein 4 (Oct4) in the tumor-
igenicity and progression of lung cancer; however, the role of
Oct4 in lung cancer cell biology in vitro and its mechanism of
action remain to be elucidated. Mortality among lung cancer
patients is more frequently due to metastasis rather than their
primary tumors. Epithelial-mesenchymal transition (EMT)
is a prominent biological event for the induction of epithelial
cancer metastasis. The aim of the present study was to investi-
gate whether Oct4 had the capacity to induce lung cancer cell
metastasis via the promoting the EMT in vitro. Moreover, the
effect of Oct4 on the B-catenin/E-cadherin complex, associ-
ated with EMT, was examined using immunofluorescence and
immunoprecipitation assays as well as western blot analysis.
The results demonstrated that Oct4 enhanced cell invasion
and adhesion accompanied by the downregulation of epithe-
lial marker cytokeratin, and upregulation of the mesenchymal
markers vimentin and N-cadherin. Furthermore, Oct4 induced
EMT of lung cancer cells by promoting 3-catenin/E-cadherin
complex degradation and regulating nuclear localization of
[-catenin. In conclusion, the present study indicated that Oct4
affected the cell biology of lung cancer cells in vitro through
promoting lung cancer cell metastasis via EMT; in addition,
the results suggested that the association and degradation of
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the B-catenin/E-cadherin complex was regulated by Oct4
during the process of EMT.

Introduction

Lung cancer is one of the most prevalent types of malignant
tumor worldwide, with a five-year survival rate of ~16% (1).
Mortality among lung cancer patients is more frequently due
to metastasis rather than their primary tumors. Therefore,
it is necessary to elucidate the molecular mechanisms of
lung cancer metastasis in order to develop effective treat-
ment options.

Epithelial-mesenchymal transition (EMT) is a process
characterized by downregulation of epithelial markers and
upregulation of mesenchymal markers (2,3). Previous studies
have proposed that EMT may be a key step in the progression
of tumor cell metastasis (4-6).

Octamer-binding protein 4 (Oct4), a transcription factor that
belongs to the Pit-Oct-Unc (POU) family, has been reported
to be a master regulator of maintenance and differentiation in
pluripotent cells. It has been suggested that Oct4 may be a key
component of the regulation of self-renewal and differentiation
in stem cells (7-9); in addition, Oct4 may also have a crucial
role in cancer development (10). Chen et al (11) demonstrated
that Oct4 expression was involved in the tumorigenesis and
malignancy of lung cancer. The aims of the present study were
to investigate the effect of Oct4 on the cell biology of lung
cancer cells in vitro, elucidate the underlying mechanisms
associated with lung cancer metastasis and examine the
effect of Oct4 on the degradation of the (3-catenin/E-cadherin
complex degradation, a process strongly associated with EMT.

Materials and methods

Cell culture. A549 cells were purchased from the American
Type Culture Collection (Manassas, VA, USA). Cells were
cultured in Dulbecco's modified Eagle's medium (DMEM;
Invitrogen Life Technologies, Carlsbad, CA, USA) with 10%
fetal bovine serum (FBS; Invitrogen Life Technologies) at
37°C in a 5% CO, humidified atmosphere.
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Tissues. Tumor and adjacent normal lung tissue specimens
were collected from ten patients with non-small cell lung
cancer at Jiangxi Provincial Chest Hospital (Nanchang,
China). This study was approved by the Ethics Committee
of Jiangxi Provincial Chest Hospital. All patients provided
written informed consent in compliance with the code of ethics
of the World Medical Association (Declaration of Helsinki;
Ferney-Voltaire, France). None of the ten patients had received
chemotherapy or radiotherapy prior to surgery. The tumor
and adjacent normal tissue specimens were frozen in liquid
nitrogen directly following surgery and stored at -80°C until
further use.

Constructs and transfection. An open reading frame clone of
homo Oct4 was subcloned into enhanced green fluorescent
protein plasmind-C1 (pEGFP-C1) vector (Invitrogen Life
Technologies). Small hairpin RNA (shRNA) targeting Oct4 was
designed and inserted into pPGPU6/GFP/Neo vector (Invitrogen
Life Technologies). The plasmids pEGFP-C1-Oct4 and
shRNA-Oct4 were transfected into A549 cells using
Lipofectamine 2000 (Invitrogen Life Technologies) according
to the manufacturer's instructions.

MTT assay. Cells were seeded in 96-well plates at a density of
1x10%/ml and allowed to grow at 37°C in a 5% CO, humidified
atmosphere. 10 yl MTT reagent (Sigma-Aldrich, St. Louis,
MO, USA) was added to each well and incubated at 37°C for
4 h. The formazan dye was solubilized in 150 pl dimethyl
sulfoxide and the absorbance was measured at 570 nm using a
microplate reader (Multiskan Ascent 354; Thermo Labsystems,
Waltham, MA, USA).

Flow cytometry. Cells were dual-stained with Alexa
Fluor 488-Annexin V and propidium iodide (PI) using an
Annexin V-fluorescein isothiocyanate/PI apoptosis kit (Kaiji
Biological Inc., Nanjing, China) according to the manufac-
turer's instructions. The apoptotic rate was measured using
flow cytometry (FC 500 MPL system; Beckman Coulter Inc.,
Miami, FL, USA).

Immunoprecipitation. Cells were extracted with immunopre-
cipitation lysis buffer (Beyotime, Shanghai, China). The cell
lysates were incubated with an anti-E-cadherin antibody or
normal immunoglobulin G (IgG), followed by a recombinant
fusion of protein A and protein G agarose (Sigma). Following
centrifugation at 1000 x g for 5 min and washing with immu-
noprecipitation lysis buffer (Beyotime, Shanghai, China)
five times, proteins were analyzed using SDS-PAGE.

Cell invasion assay. The cell invasion assay was carried
out using a Transwell chamber (Corning Inc., Corning, NY,
USA) pre-coated with Matrigel® (BD Biosciences, Franklin
Lakes, NJ, USA). 5x10* A549 cells were added to the upper
chamber of the Transwell plates (Corning Inc., Corning,
NY, USA) with serum-free medium (DMEM; Invitrogen
Life Technologies) and the lower chamber was filled with
1 ml DMEM containing 10% FBS. Following 12 h of incuba-
tion at 37°C, cells in the upper chamber were removed using
a cotton swab, the invaded cells were fixed using 95% ethanol
(Xinchenghuagong Inc., Guangzhou, China) for 15 min and
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then stained with hematoxylin (Maixin, Fuzhou, China) for
10 min. The invaded cells were then counted under a light
microscope (TS100, Nikon, Tokyo, Japan).

Cell adhesion assay. A 96-well-plate was precoated with
fibronectin (Sigma) for 2 h. The wells were washed with phos-
phate-buffered saline (PBS; Maixin) and then blocked with
1% bovine serum albumin (BSA; Amresco Inc., Solon, OH,
USA) for 2 h. Cells were seeded in the wells at a final concen-
tration of 3x10° cells/ml in serum-free medium. Following
2 h of incubation, the wells were washed with PBS and the
cells were fixed in paraformaldehyde (Xinchenghuagong Inc.,
Guangzhou, China). The number of adherent cells was quanti-
fied using the colorimetric MTT assay.

Quantitative polymerase chain reaction (qPCR). Total RNA
from cells or tissue specimens was isolated using Trizol
reagent (Invitrogen Life Technologies). Complementary
DNA (cDNA) was synthesized by a First Strand cDNA
Synthesis kit (Fermentas, Vilnius, Lithuania) using 1 g RNA
template. gPCR was performed in a 7300 Sequence Detection
System (Applied Biosystems, Foster City, CA, USA) using a
SYBR® Green PCR kit (Applied Biosystems). The relative
expression levels of each messenger RNA (mRNA) were
calculated using comparative computerized tomography (CT)
methods (SDS Software version 1.4.1; Applied Biosystems)
with GAPDH as an internal control.

Western blot analysis. Whole cell extracts were obtained
using a total protein extraction kit (Promab, Changsha,
China), B-catenin nuclear and cytoplasmic fractions were
obtained using a nuclear and cytoplasmic extraction
kit (Beyotime, Shanghai, China). 50 ug protein was separated
using 10% SDS-PAGE and transferred onto a nitrocellulose
membrane (Millipore, Billerica, MA, USA). Membranes
were blocked with 5% BSA at room temperature for 1 h.
Membranes were then washed with PBS and incubated with
the corresponding primary antibody [rabbit polyclonal to
Oct4 (1:400), rabbit polyclonal to f-catenin (1:500), mouse
monoclonal to histone(1:1000) and mouse monoclonal to
GAPDH (1:800) (Santa Cruz Biotechnology Inc., Santa Cruz,
CA, USA); rabbit monoclonal to vimentin (1:1000; Abcam,
Cambridge, MA, USA); rabbit polyclonal to N-cadherin
(1:400), rabbit polyclonal to E-cadherin (1:400) and rabbit
polyclonal to pan-cytokeratin (1:400) (Signalway Antibody
Inc., College Park, MD, USA)] overnight at 4°C, then incu-
bated with horseradish peroxidase-conjugated secondary
antibodies [Goat Anti Mouse IgG/HRP(1:40000) and Goat
Anti Rabbit IgG/HRP(1:40000);Santa Cruz Biotechnology,
Inc.)] for 1 h at room temperature. Bands were detected
using an enhanced chemiluminesence detection kit (Pierce,
Rockford, IL, USA). GAPDH expression was used as an
internal control.

Immunofluorescence. Cell slides were washed with PBS three
times, then fixed in 4% paraformaldehyde solution at 4°C
for 1 h. Following fixation, slides were washed again with
PBS at room temperature and permeabilized by exposure
to 0.2% Triton X-100 (Sigma-Aldrich) at 4°C for 1 h. Slides
were blocked with goat serum (Maixin) at 4°C for 1 h, then
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Figure 1. mRNA and protein expression levels of Oct4, E-cadherin and nuclear §-catenin are altered in lung cancer compared with those in adjacent
normal tissues. (A) Relative mRNA levels of Oct4, $-catenin and E-cadherin, normalized to GAPDH. (B) Relative protein levels of Oct4, B-catenin and
E-cadherin, normalized to GAPDH. "P<0.05 and “P<0.01 vs. normal group. Oct4, octamer-binding protein 4. Data are presented as the mean + standard

deviation.
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Figure 2. Transfection with pEGFP-C1-Oct4 and shOct4 have opposite effects on the relative protein levels of Oct 4 in A549 cells. Western blot analysis of
the relative protein levels of Oct4 following transfection with (A) pEGFP-C1 vector and pEGFP-C1-Oct4; and (B) shControl and shOct4. "P<0.01 vs. control
group. Oct4, octamer-binding protein 4; sShRNA, small hairpin RNA; pEGFP-CI, enhanced green fluorescent protein plasmind-C1; shControl, control shRNA;

shOct4, Oct 4 shRNA. Data are presented as the mean + standard deviation.

incubated with primary antibodies [mouse monoclonal to
E-cadherin (1:400) and rabbit monoclonal to (-catenin
(1:400); Abcam] for 1 h at 37°C. Slides were washed again
with PBS and secondary antibodies [Alexa Fluor 555-labeled
Goat anti-Rabbit IgG (1:200) or Alexa Fluor488 labeled Goat
anti mouse IgG (1:200); Abcam] were added, slides were then
incubated at 37°C for 1 h. DAPI (Invitrogen Life Technologies)
was used to label the nucleus and slides were visualized under
a fluorescence microscope (80i, Nikon).

Statistical analysis. SPSS 19.0 statistical software (IBM corp.,
Armonk, NY, USA) was used for statistical analysis. All data
represent the mean + standard deviation of at least three inde-

pendent experiments. Statistical differences were analyzed
using the Student's t-test. P<0.05 was considered to indicate a
statistically significant difference between values.

Results

Expression of Oct4 is increased in lung cancer tissues.
Expression of Oct4 in lung cancer tissues was analyzed
using qPCR and western blot analysis. Results from qPCR
and western blot analysis revealed increased expression of
Oct4 mRNA and relative protein levels, respectively, in lung
cancer tissues compared with those in the adjacent normal
tissues (P<0.05) (Fig. 1A and B).
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Figure 3. Transfection with pEGFP-C1-Oct4 and shOct4 alters the cell biology of A549 cells in vitro. (A) Cell viability; (B) cell apoptosis rate; (C) invaded cell
numbers; and (D) adhesion ability of A549 cells following transfection with pPEGFP-C1-Oct4 and shOCT4 compared with pEGFP-C1 vector and shControl,
respectively. "P<0.05 and "P<0.01 vs. control group. Oct4, octamer-binding protein 4; shRNA, small hairpin RNA; pEGFP-C1, enhanced green fluorescent
protein plasmind-C1; shControl, control shRNA; shOct4, Oct 4 shRNA. Data are presented as the mean + standard deviation.
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Figure 4. Transfection with pEGFP-C1-Oct4 and shOct4 alters the expression levels of mesenchymal and epithelial cell markers in A549 cells. Western
blot analysis of the expression levels of mesenchymal cell markers vimentin and N-cadherin, as well as the epithelial cell marker cytokeratin in A549 cells
following transfection with (A) pPEGFP-C1-Oct4 and (B) shOct4. "P<0.05 and “P<0.01 vs. control group. Oct4, octamer-binding protein 4; sShRNA, small
hairpin RNA; pEGFP-CI, enhanced green fluorescent protein plasmind-C1; shControl, control shRNA; shOct4, Oct 4 shRNA. Data are presented as the
mean + standard deviation.

Expression of -catenin and E-cadherin is altered in lung  compared with that in adjacent normal tissues (P<0.05).
cancer tissues. As shown in Fig. 1A, f-catenin mRNA  Nuclear and cytoplasmic fractions of -catenin were collected
expression was significantly increased in lung cancer tissues  from the respective tissues. Western blot analysis revealed
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Figure 5. Effect of Oct4 on the association and degradation of the -catenin/E-cadherin complex determined by co-immunoprecipitation assay. Input
lanes represent the total cell lysates. IgG was used as a control. Lanes: 1 and 6, vector group; 2 and 7, Oct4 group; 3 and 8, shRNA-control group; 4 and
9, shRNA-Oct4 group; 5, combination of the four groups. IP, immunoprecipitaion; WB, western blot; Oct4, octamer-binding protein 4; shRNA, small hairpin

RNA; IgG, immunoglobulin G.
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Figure 6. Opposite effects of transfection with pEGFP-C1-Oct4 and shOct4 on the -catenin/E-cadherin complex. Relative protein levels of $-catenin (nuclear)
normalized to histone, 3-catenin (cytoplasmic) and E-cadherin normalized to GAPDH in A549 cells when transfected with (A) pPEGFP-C1-Oct4 to induce
Oct4 overexpression; or (B) shOct4 to repress Oct4 expression. “P<0.05 and “P<0.01 vs. control group. Oct4, octamer-binding protein 4; shRNA, small hairpin
RNA; shControl, control shRNA; shOct4, Oct 4 shRNA. Data are presented as the mean + standard deviation.
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DAPI Merge

Figure 7. Immunofluorescence staining of f-catenin (red) and E-cadherin (green) in Oct4 overexpressing and shOct4 transfected A549 cells. Nuclear DNA was
stained with DAPI (blue) (magnification, x400). Oct4, octamer-binding protein 4; shRNA, small hairpin RNA; shControl, control shRNA; shOct4, Oct 4 shRNA.

that the protein expression levels of cytoplasmic (3-catenin in
lung cancer tissues were not significantly different from those
of adjacent normal tissues (P>0.05) (Fig. 1B). By contrast,
protein expression levels of nuclear (3-catenin were signifi-
cantly increased in lung cancer tissues compared with those of
adjacent normal tissues (P<0.01) (Fig. 1B).

The expression of E-cadherin was significantly reduced
in lung cancer tissues compared with that of adjacent normal
tissues at the mRNA and protein level (P<0.01) (Fig. 1).

Changes in expression levels of Oct4 in pEGFP-CI-Oct4 and
shRNA-Oct4-transfected cells. In order to efficiently enhance
or repress Oct4 expression, A549 cells were transfected with
pEGFP-C1-Oct4 or shRNA-Oct4. Western blot analysis
was used to measure the protein expression levels of Oct4
in pEGFP-C1-Oct4- and shRNA-Oct4-transfected cells.
The results demonstrated that the expression levels of
Oct4 protein were increased in pPEGFP-C1-Oct4 trans-
fected cells compared with those in the pPEGFP-CI1 vector
transfected cells (P<0.01) (Fig. 2A). As hypothesized, the
shRNA-Oct4 transfected cells showed decreased expression
of Oct4 protein in comparison to that of the shRNA-Control
transfected cells (P<0.01) (Fig. 2B).

Opposite effects of overexpression and repression of Oct4
on cell viability, apoptosis, invasion and adhesion in vitro.
The effect of Oct4 on cell biology was examined in A549 cells
using an MTT assay to analyze cell proliferation. As shown
in Fig. 3A, Oct4 overexpression significantly increased cell
viability, whereas repression of Oct4 significantly reduced cell
viability in vitro. Furthermore, the apoptotic rate in the Oct4
overexpression group was significantly decreased compared
with that of the vector control group, whereas shRNA-Oct4
had the reverse effect (Fig. 3B). Cell invasion assays revealed
that Oct4 overexpression resulted in an increased number

of invasive cells in comparison to that of the vector control.
However, in the shRNA-Oct4 group, the number of inva-
sive cells was significantly decreased compared with that
of the shRNA-control group (Fig. 3C). Cell adhesion assays
revealed that the adhesive activity in the Oct4 overexpres-
sion group was significantly increased compared with that
of the vector control group. Following transfection with
shRNA-Oct4, the adhesion activity of the A549 cells was
reduced compared with that of the shRNA-control (Fig. 3D).

Changes in expression of Oct4 alter the expression levels
of phenotypic transition markers in A549 cells. The effect
of Oct4 on EMT-like phenotypic changes in A549 cells was
examined. Western blot analysis was performed in order to
determine the expression levels of vimentin, N-cadherin and
cytokeratin in A549 cells. As shown in Fig. 4, the expres-
sion levels of vimentin and N-cadherin were significantly
increased in the pEGFP-CI1-Oct4-transfected group but
decreased in the ShRNA-Oct4 group. By contrast, expression
of cytokeratin was decreased in the pEGFP-C1-Oct4-trans-
fected group, but in the shRNA-Oct4 group cytokeratin
expression was increased compared with that in the vector
control group.

Changes in expression of Oct4 alters the expression of
the B-catenin/E-cadherin complex. In order to examine
the effect of Oct4 on the association and degradation
of the P-catenin/E-cadherin complex, cell lysates were
immunoprecipitated with an anti-E-cadherin antibody and
western blot analysis was performed with an anti-B-catenin
antibody. Equal protein was confirmed in each group using a
western blot with anti-E-cadherin antibody.

The co-immunoprecipitation study, shown in Fig. 5,
demonstrated that the degradation of [-catenin with
E-cadherin was increased in the Oct4 overexpression group
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compared with that of the vector control group. However, the
association of B-catenin with E-cadherin was enhanced in
the shRNA-Oct4 group.

As shown in Fig. 6, relative protein levels of E-cadherin
were decreased in the Oct4 overexpression group; however,
they were increased in the sShRNA-Oct4 group compared with
those of the control groups. Nuclear and cytoplasmic fractions
of (-catenin were obtained from A549 cells. Western blot
analysis demonstrated that 3-catenin nuclear protein levels
were significantly increased in the Oct4 overexpression group
but decreased in the ShARNA-Oct4 group. The expression of
cytoplasmic B-catenin did not alter significantly in the Oct4
overexpression group or shRNA-Oct4 group compared with
that of the control group.

In addition, an immunofluorescence assay was used to
examine the localization of (3-catenin and E-cadherin. The
results of the assay demonstrated induced nuclear localization
of B-catenin in the Oct4 overexpression group; however, in the
shRNA-Oct4 group, $-catenin was primarily localized in cyto-
plasm. Furthermore, the immunofluorescence assay revealed a
decrease in membrane localization of E-cadherin in the Oct4
overexpression group compared with that in the control group,
but increased expression of membrane E-cadherin in the
shRNA-Oct4 group (Fig. 7).

Discussion

Oct4 is a transcription factor that has been shown to be
highly expressed in embryonic stem (ES) cells and essential
for the induction of somatic cell pluripotency (7). In addi-
tion, Oct4 has been implicated in various human cancers
and was reported to be associated with tumor progression
or bad prognosis (12-17). The present study demonstrated
that the mRNA and protein expression of Oct4 was higher
in human lung cancer tissues than that in adjacent normal
tissues. In addition, Oct4 was able to affect the cell biology
of lung cancer cells by inducing cell proliferation, inhibiting
apoptosis as well as promoting cell invasion and adhesion.
Numerous clinical studies have examined the expression of
Oct4 in lung cancer patients (18-20); however, the molecular
mechanisms of its oncogenic role remain to be elucidated.
The majority of newly diagnosed lung cancer patients
have locally invasive cancer, and almost all of these patients
go on to develop metastatic disease, which accounts for most
cancer-associated mortalities worldwide (21). In order to
investigate the role of Oct4 in lung cancer cell metastasis,
the present study examined whether Oct4 could regulate cell
invasion and adhesion in vitro using A549 cells. The
results indicated that increased expression of Oct4 led to
enhanced cell invasion and adhesion abilities. Conversely,
repression of Oct4 demonstrated the opposite effect, therefore
indicating that Oct4 promoted lung cancer cell metastasis.
Epithelial-mesenchymal transition (EMT) has been
shown to be an important process for the metastatic progres-
sion of epithelial cancer (3,22). Therefore, the present
study aimed to investigate whether Oct4 had a role in the
regulation of EMT in lung cancers. During EMT, epithelial
cell-derived cancer cells lose their epithelial properties and
acquire mesenchymal properties (23). Vimentin, a member of
the intermediate filament family, is an important canonical

1857

marker of EMT (24), as it was reported to induce changes
in cell shape, motility and adhesion during the EMT (25).
N-cadherin was reported to be involved in the metastasis of
cancer cells indicated by the association between abnormal
N-cadherin expression, the acquisition of the EMT pheno-
type and the enhanced invasive properties of lung cancer cell
lines (26). The remodeling of the cytoskeleton has been
suggested to be a hallmark of EMT. Loss of cytokeratins
leads to alterations in cell-to-cell adhesions and changes
in polarity and cell motility (27). The results of the present
study showed that Oct4 upregulated the expression of the
mesenchymal markers vimentin and N-cadherin, as well
as downregulated the expression of the epithelial marker
cytokeratin in A549 cells. These results indicated that Oct4
induced lung cancer cell metastasis via the mechanism
of EMT.

[B-catenin/E-cadherin association has an essential role
in the regulation and provision of cellular adhesion (28).
[B-catenin interacts with E-cadherin by binding directly to
its cytoplasmic tail, therefore creating a bridge between
E-cadherin and the actin cytoskeleton, which stabilizes
the adherence junction (29). Nuclear -catenin has been
suggested to have a pivotal role in tumor progression (30,31).
The results of the present study demonstrated the downregu-
lation of E-cadherin as well as the upregulation of nuclear
B-catenin protein in lung cancer tissues, therefore indi-
cating that nuclear -catenin acts as an oncogenic protein
in lung cancer. EMT is controlled by several transcription
factors, which may be able to suppress E-cadherin promoter
activity and repress E-cadherin expression (32,33). It has
been suggested that nuclear f-catenin can induce Slug
or Twist 1 gene expression (34), which may lead to the
further repression of E-cadherin and thereby contribute to
EMT. B-catenin/E-cadherin degradation is associated with
tumor invasion and metastasis (35). In the present study,
immunoprecipitation assays revealed that Oct4 promoted
[-catenin/E-cadherin degradation in lung cancer cells during
EMT. Oct4 was shown to induce EMT of lung cancer cells
while repressing E-cadherin expression. In addition, the
localization of [-catenin was examined using western blot
and immunofluorescence assays, which demonstrated the
upregulation of nuclear f-catenin protein by Oct4.

In conclusion, the results of the present study indicated
that Oct4 affected the cell biology of lung cancer cells
in vitro, promoted lung cancer cell metastasis through EMT
and regulated the (-catenin/E-cadherin complex during the
process of EMT.
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