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Abstract. Octamer-binding transcription factor 4 (OCT4) 
has been implicated in cancer metastasis. In this study, we 
investigated whether OCT4 promotes colorectal cancer (CRC) 
metastasis through the epithelial-mesenchymal transition 
(EMT) process. We designed our experiment as a loss-of-
function study. Western blot analysis was used to measure 
the extent and stability of OCT4 knockdown. We evaluated 
the metastatic phenotype of OCT4-silenced SW620 cells 
using standard migration and invasion assays in vitro and the 
commonly used mouse model for experimental metastases 
in vivo. We found that OCT4 knockdown inhibited colorectal 
cancer cell motility and invasion (in vitro) and decreased 
hepatic colonization (in vivo). It also induced changes in EMT 
characteristic cell morphology and marker gene expression. 
In addition, its knockdown decreased WNT pathway activity. 
Finally, in human primary colorectal cancers, the frequency 
of upregulated OCT4 expression in cases with liver metas-
tasis was statistically higher than that in cases without liver 
metastasis. These results indicate that OCT4 may contribute to 
CRC cell metastasis through EMT and serves as a promising 

biomarker for identifying CRC patients at high risk for liver 
metastases.

Introduction

Colorectal cancer (CRC) is the third most common malignant 
neoplasm worldwide (1) and the second leading cause of death 
due to cancer (2). To date, the prognosis of CRC patients with 
liver metastasis remains poor. Therefore, it is necessary to 
clarify the molecular mechanisms involved in metastasis and 
to identify the specific biomarkers for predicting CRC liver 
metastasis.

Octamer-binding transcription factor 4 (OCT4), one of the 
key genes that induces pluripotent stem cells (3,4), has also 
been implicated in several types of cancers including gastric 
cancer (5-7), breast cancer (8), non-small cell lung carcinomas 
(9), glioma (10-12) and esophageal squamous cell carcinoma 
(13). In addition, Saigusa et al (14) showed that OCT4 expres-
sion is associated with the distant recurrence of rectal cancer 
after chemoradiotherapy. Chang et al (15) demonstrated that 
OCT4 promoted tumorigenesis of CRC cells in both autocrine 
and paracrine manners. Gazouli et al (16) found that OCT4 
expression levels were higher in CRC tissues compared to 
adjacent non-cancerous tissues, and the OCT4 expression 
levels in CRC tissues were correlated with tumor stage. Yet, 
to date the role of OCT4 in CRC metastasis and the potential 
molecular basis is unclear.

Epithelial-mesenchymal transition (EMT) is a well-
coordinated process that occurs during the progression of 
cancers and is necessary for metastasis of epithelial cancer 
(17-19). CRC cells at the invasive front acquire mesenchymal 
properties such as high migratory potential, poor differentia-
tion, hyperproliferation and loss of cell-cell contact-mediated 
growth inhibition (18). In this study, we investigated whether 
OCT4 promotes CRC metastasis through the EMT process.

RNA interference is a powerful method for the research 
of gene function. We applied lentivirus-mediated shRNA to 
produce specific and stable silencing of OCT4 in SW620 CRC 
cells. We designed our experiment as a loss-of-function study. 
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Western blot analysis was used to measure the extent and 
stability of OCT4 knockdown. We evaluated the metastatic 
phenotype of OCT4-silenced SW620 cells using standard 
migration and invasion assays in vitro and the commonly 
used mouse model for experimental metastases in vivo. The 
results revealed that OCT4 enhanced CRC cell metastasis 
by improving tumor cell invasion and migration. We further 
demonstrated that OCT4 knockdown in CRC SW620 cells 
induced MET (the reverse process of EMT) with character-
istic morphological changes and changes in expression of 
EMT-associated key genes such as E-cadherin and vimentin. 
In addition, activity of the WNT pathway was significantly 
inhibited by OCT4 silencing in CRC SW620 cells. Finally, 
we showed that expression of OCT4 was correlated with CRC 
liver metastasis in human CRC tissues. Our study showed a 
novel role of OCT4 in regulating colorectal cancer metastasis 
by the EMT process, and OCT4 expression was identified as a 
promising biomarker for identifying colorectal cancer patients 
at high risk for liver metastasis.

Materials and methods

Cell culture. The human colorectal cell line SW620 was 
obtained from American Type Culture Collection (Manassas, 
VA, USA) and maintained in RPMI-1640 medium supple-
mented with 10% fetal bovine serum at 37˚C in a 5% CO2 
atmosphere at constant humidity. The stable silencing of OCT4 
in SW620 cells was generated by transduction with home made 
lentiviral particles for human OCT4 gene silencing.

Immunofluorescence cell staining. Cells were seeded on 
coverslips, incubated with primary antibody overnight at 4˚C, 
washed with PBS and then incubated with secondary antibody 
conjugated with FITC (green) or Cy3 (red) (Millipore, USA) 
for 1 h. Cells were imaged using a confocal microscope (Leica, 
Germany). Primary antibodies, anti-vimentin, anti-E-cadherin 
and anti-β-catenin, were purchased from Abcam (Cambridge, 
MA, USA).

Western blot analysis. Cells were lysed in RIPA cell lysis 
buffer (25 mM Tris-HCl, pH 7.6, 150 mM NaCl, 1% NP-40, 
1% sodium deoxycholate, 0.1% SDS) containing Protease 
Inhibitor Cocktail kit (Pierce, Rockford, IL, USA). Twenty 
micrograms of total cellular protein was loaded per lane, sepa-
rated by 4-12% SDS-polyacrylamide gel electrophoresis and 
then transferred to nitrocellulose (Invitrogen, Carlsbad, CA, 
USA) by electroblotting (20). The antibodies anti-E-cadherin, 
anti-GAPDH, anti-β-catenin (1247-1, Epitomics), anti-α-tublin 
and anti-TCF/LEF1 were purchased from Abcam.

RNA isolation and RT-PCR. Total RNA was extracted from 
cells and then reverse transcribed. Quantitative real-time PCR 
reaction was performed in Biosystems 7500 (ABI, USA). All 
samples were amplified in triplicate using the following cycles: 
95˚C for 2 min, 35 cycles of 95˚C for 15 sec, 60˚C for 30 sec 
and 72˚C for 20 sec.

Cell migration and invasion assays. Cell migration assay 
was performed in Transwells (Corning Company). Cells in 
0.5 ml serum-free medium were placed in the upper chamber, 

whereas the lower chamber was loaded with 0.8 ml medium 
containing 10% FBS. The total number of cells that migrated 
to the lower chamber were counted after incubation for 48 h. 
Six optional visual fields were chosen for counting. The 
Transwell cell invasion assay was performed using Transwells 
that were pre-loaded with a layer of Matrigel (Sigma-Aldrich) 
on the upper surface. The rest of the experimental procedure 
was the same as with the cell migration assay.

Xenograft studies. All animal experiments were performed 
strictly in accordance with the related ethics regulations of 
our university. Ten six-week-old female nude mice were each 
injected with SW620-OCT4-shRNA (OCT4-knockdown cells) 
or SW620-mock-shRNA (mock control cells) (5x106) into the 
spleen. Mice were sacrificed 30 days after injection. The liver 
was embedded in paraffin and sectioned for H&E staining to 
examine for metastasis.

Immunohistochemistry. Anti-human OCT4 antibody from 
Abcam was used for immunohistochemical (IHC) staining. 
Colorectal cancer tissue from our hospital was used. Tissues 
were formalin fixed, paraffin embedded (PPFE) slides. Each 
tissue was confirmed by experienced pathologists. Primary 
antibodies for OCT4 were diluted at 1:250 for IHC. Secondary 
antibody was used at a 1:200 dilution. The percentage of the 
positive cell population was categorized for scoring: 0, 0% of 
the cell population was positive; 1, 1-25% of the cell population 
was positive; 2, 26-50% of the cell population was positive; 
3, 51-75% of the cell population was positive; 4, 76-100% of 
the cell population was positive. The staining intensities were 
scored as: -, negative staining; +, weak staining intensity; 
++, medium staining intensity; +++, strong staining intensity.

Statistical analysis. The results are reported as means ± SD. 
Statistical analysis was performed using the Student's t-test 
or Chi-square test as appropriate. P<0.05 was considered to 
indicate a statistically significant difference.

Results

OCT4 knockdown inhibits cell migration and invasive-
ness in vitro. The protein levels of OCT4 were evaluated in 
the mock control and OCT4-knockdown cells by western 
blotting. As shown in Fig. 1A, OCT4 proteins were strongly 
expressed in the mock control cells. However, as expected, 
SW620-OCT4-shRNA cells demonstrated a decreased OCT4 
protein expression level. We first assessed the effects of 
OCT4 expression on CRC cell migration and invasion with 
Transwell migration and invasion assays. OCT4-knockdown 
cells (SW620-OCT4-shRNA) exhibited a significant decrease 
in migration. The number of SW620-OCT4-shRNA cells 
migrating to the lower chamber was ~6 times lower than the 
number of migrating SW620 mock control cells (Fig. 1B). 
An in vitro cell invasion assay was performed based on the 
principle of the Boyden chamber assay, and Matrigel matrix 
was used as a reconstituted basement membrane in vitro. The 
number of cells migrating through the Matrigel matrix was 
counted and the result is presented in Fig. 1C. The OCT4-
knockdown cells showed significantly reduced invasiveness 
compared to the mock control cells (P<0.05). These data 
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indicate that the inhibition of OCT4 expression in SW620 cells 
is associated with reduced invasive ability.

OCT4 knockdown reduces liver metastasis of SW620 cells 
in a mouse model. To investigate whether OCT4 silencing 
suppresses colorectal cancer liver metastasis, a hepatic metas-
tasis mouse model was used. SW620-OCT4-shRNA and mock 
control cells were locally injected to the spleen, respectively. 
All of the mice subjected to tumor cell injection survived until 
sacrifice on Day 30. All of the mice in the mock-control group 
(10/10, 100%) demonstrated the formation of metastatic foci 

in the liver (Fig. 2B). The incidence of liver metastasis was 
significantly decreased in the OCT4 shRNA group (3/10, 30%) 
(Fig. 2A). Moreover, the average number of metastatic foci in 
the OCT4-knockdown group was significantly lower than that 
in the mock-control group (Fig. 2C). These data suggest that 
OCT4 knockdown inhibits the ability of colorectal cancer cells 
to form metastasis.

OCT4 induces epithelial-mesenchymal transition in SW620 
cells. EMT is important for epithelial cancer metastasis. The 
characteristics of EMT include a switch from the expression of 

Figure 1. OCT4 knockdown decreases cell migration and invasion of colorectal cancer cells. (A) OCT4 protein expression was determined in the SW620-mock-
shRNA and SW620-OCT4-shRNA CRC cells by western blot analysis. (B) Left panel: migration analysis of SW620-mock-shRNA and SW620-OCT4-shRNA 
cells using the Transwell migration assay. Right panel: quantification data (means ± SD) of the cells that migrated to the lower chambers. (C) Left panel: 
the invasion analysis of SW620-mock-shRNA and SW620-OCT4-shRNA cells using a Transwell cell invasion assay. Right panel: the quantification results 
(means ± SD) of the cells that migrated to the lower chambers.

Figure 2. OCT4 knockdown decreases in vivo metastasis of colorectal cancer cells in mice. (A) H&E staining of mouse liver tissue without metastasis. (B) H&E 
staining of mouse liver tissue containing metastasis. (C) The average number of liver metastatic foci in the OCT4-knockdown group was significantly less than 
that in the mock-control group.
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Figure 4. OCT4 is involved in the WNT signaling pathway in colorectal cancer cells. (A) Immunofluorescence images of SW620-mock-shRNA and SW620-
OCT4-shRNA cells stained with the anti-β-catenin antibody. (B) Western blot analysis of β-catenin expression using cytoplasmic and nuclear fractions of 
SW620-mock-shRNA and SW620-OCT4-shRNA cells. (C) LEF1/TCF1 luciferase activity in SW620-mock-shRNA and SW620-OCT4-shRNA cells.

Figure 5. Immunohistochemical (IHC) staining of OCT4 in CRC tissues. (A) IHC image of OCT4-negative colorectal cancer tissue. (B) IHC image of OCT4-
positive colorectal cancer tissue.

Figure 3. OCT4 is involved in the EMT process in colorectal cancer cells. (A) Western blot analysis of the expression of E-cadherin and vimentin in 
SW620-mock-shRNA and SW620-OCT4-shRNA cells. (B) Immunofluorescence staining of SW620-mock-shRNA and SW620-OCT4-shRNA cells using 
anti-E-cadherin and vimentin antibodies.
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E-cadherin to vimentin and typical cell morphological changes. 
To examine whether knockdown of OCT4 alters the expression 
pattern of these two markers and cellular shape in SW620 cells, 
we used loss-of-function approaches in SW620 cells. We found 
that upon knockdown of OCT4, the level of E-cadherin was 
decreased whereas the level of vimentin was increased (Fig. 3A), 
consistent with altered staining patterns and intensities of these 
two markers (Fig. 3B). We also noted that the SW620-mock-
shRNA cells maintained mesenchymal cell morphology with 
spindle- and fibroblastoid-shape cells, while the SW620-OCT4-
shRNA cells showed epithelial cell morphology with epithelioid 
spreading cells (Fig. 3B). These results indicate that OCT4 is 
involved in the EMT process in colorectal cancer cells.

Knockdown of OCT4 leads to reduction in β-catenin/TCF/LEF 
signaling in SW620 cells. In colorectal cancer, EMT is compa-
nied by nuclear translocation of β-catenin and the activation 
of the WNT/β-catenin signaling pathway (18-20). Following 
cell staining with the β-catenin antibody, we found that OCT4 
knockdown induced the accumulation of β-catenin in the 
cell membrane and the reduction in cytoplasmic and nuclear 
β-catenin in SW620 cells compared to the mock-control 
(Fig. 4A). Western blot analysis further confirmed the results 
(Fig. 4B). β-catenin serves as an activator of T-cell factor 
(TCF) and activates transcription of downstream targets in 
the canonical WNT pathway (21). To evaluate the effect of 
OCT4 expression on the WNT pathway, LEF/TCF activity 
was assessed using an LEF/TCF reporter luciferase assay. 
We found that OCT4 knockdown led to an ~3-fold decrease 
in β-catenin/TCF/LEF signaling activity (Fig. 4C). OCT4 
knockdown resulted in upregulated β-catenin membrane 
translocation and reduced canonical WNT pathway activities.

High expression of OCT4 is correlated with liver metastasis 
in human colorectal cancer. We next investigated the levels 
of OCT4 expression in human colorectal cancers using IHC 
methods and aimed to ascertain whether the OCT4 expres-
sion level in primary colorectal cancer is associated with 
tumor liver metastasis in CRC patients. OCT4 expression was 
examined in paraffin-embedded primary tumor tissues from 
50 CRC patients. We found that weak OCT4 expression was 
detected in every sample of normal colorectal tissue (Fig. 5A), 
and 46% of CRC cases (23/50) exhibited high expression of 
OCT4 (Fig. 5B). Among the CRC cases with high expres-
sion of OCT4, the percentage of liver metastasis was 82.6%. 
However, in the cases with low expression, the percentage 
of liver metastasis was 22.0% (11/50 cases). The difference 
achieved statistical significance (P<0.05).

Discussion

OCT4, a member of the POU family, is an octamer motif-
binding transcription factor. It is highly expressed in stem 
cells and has been considered as a key molecule which could 
induce somatic cell pluripotency. OCT4 is essential for main-
taining undifferentiated and pluripotent populations of cells. 
Kim et al (21,22) reported that OCT4 can directly repro-
gram adult mouse and human neural stem cells to induced 
pluripotent stem (iPS) cells. These studies showed that OCT4 
plays an important role in conferring the stemness of cells. 

In general, cancer cells are similar to early embryonic cells 
exhibiting the properties of immortality, undifferentiation 
and invasion (23). Thus, it is vital to study genes associated 
with embryogenesis and tumorigenesis. In recent years, there 
have been some reports on the regulated expression of OCT4 
in several cancer types (12-16). Metastasis is the neoplastic 
process responsible for most deaths from cancer as primary 
tumors can usually be surgically removed. Liver metastasis is 
the main reason for death among colorectal cancer patients. 
However, the specific molecular changes in CRC cells that 
promote the metastatic process are largely unclear. Some 
recent studies suggest that OCT4 may be involved in the 
metastasis of CRC (14,16). This prompted us to ascertain 
whether OCT4 has a relationship with CRC metastasis. In the 
present study, we investigated the role of OCT4 in metastasis-
related activities in human colorectal cancer and its effects on 
the EMT process and WNT pathway activity. To our knowl-
edge, this is the first report to study the role of OCT4 in a 
human colon cancer cell line by inhibiting endogenous OCT4 
expression using an RNA interference technique. Metastatic 
cells undergo loss of adhesion and enhanced motility and 
degradation of the basement membrane. Therefore, we 
detected these capabilities of OCT4 in CRC SW620 cells. 
Knockdown of OCT4 by specific shRNA inhibited SW620 
cell migration and invasion in a Transwell-based assay. After 
showing that knockdown of OCT4 reduced cell migration 
and invasion in vitro, we conducted an in vivo analysis. We 
compared the abilities of the OCT4 knockdown and the mock 
control cells to form liver metastasis in a mouse model. We 
found that the incidence of liver metastasis and the average 
number of metastatic foci were significantly decreased in 
the OCT4 shRNA group. These data suggested that OCT4 
knockdown reduces the ability of colorectal cancer cells to 
form metastasis.

Epithelial-mesenchymal transition (EMT) is an important 
process for epithelial cancer and is often activated during 
cancer invasion and metastasis. During EMT, cancer cells 
undergo morphological changes from an epithelial polarized 
morphology to a mesenchymal fibroblastoid morphology and 
achieve increased migratory and invasive capabilities. Our 
present research demonstrated that OCT4 silencing induced 
typical cell morphological changes and EMT marker expres-
sion alteration. These results indicate that OCT4 is involved 
in metastasis through the EMT process in colorectal cancer 
cells. The WNT pathway is widely regarded as the crucial 
pathway for colorectal carcinogenesis (24,25) and regulates 
EMT process to promote cancer metastasis. β-catenin forms 
complexes in the adhesion complex at the plasma membrane 
and the signaling complex in the nucleus (26). We observed 
that OCT4 knockdown induced relocalization of β-catenin 
from the cytoplasm/nucleus to the membrane and reduced 
LEF/TCF activity. Finally, in human tissue samples, increased 
levels of OCT4 expression in primary cancer were significantly 
correlated with liver metastases.

Our research for the first time demonstrated a relation 
between OCT4 and the EMT process. OCT4 may be involved 
in metastasis of CRC in a Wnt/β-catenin signaling-dependent 
manner. OCT4 expression in primary cancer could be used 
as a marker to predict liver metastasis in colorectal cancer 
patients.
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