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Cancer stem cells (CSCs) are the main cause of tumor genera-
tion, recurrence, metastasis, and therapy failure in various
malignancies including colorectal cancer (CRC). Accumulating
evidence suggests that tumor cells can acquire CSC characteris-
tics through the epithelial-mesenchymal transition (EMT)
process. However, the molecular mechanism of CSCs remains
unclear. OCT4B1 is a transcript of OCT4, which is initially
expressed in embryonic stem and carcinoma cells, and is
involved in the regulation and maintenance of an undifferenti-
ated state of stem cells. In this study, three-dimensional (3D)
microspheres were confirmed as CRC stem cells. Compared
with that of parental cells, their self-renewal ability was signif-
icantly increased, and OCT4B1 expression was increased and
promoted the EMT process. The knockdown of OCT4B1
decreased the self-renewal of CSCs and reversed EMT. More-
over, OCT4B1 induced the expression of Polo-like kinase 1
(PLK1), which is a key regulator of EMT in tumor cells. Further
examination showed that OCT4B1 regulated the miR-8064/
PLK1 balance to exert its function. Taken together, our data
suggest that OCT4B1 may be involved in regulating the self-
renewal of colorectal CSCs through EMT, which is at least
partially due to the miR-8064/PLK1 balance. This study indi-
cates that OCT4B1 is a potential therapeutic target for CRC
by targeting CSCs.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer and the
fourth leading cause of cancer death in the world.1 Recently, it has
been reported that CRC has exhibited an increasing trend in patients
<50 years old.2 Surgery and radiochemotherapy are the main treat-
ment methods for CRC patients. Although surgical and radiochemo-
therapy techniques have been continuously improved in recent years,
the 5-year survival rate of CRC patients remains unsatisfactory.
According to reports, the 5-year survival rate of metastatic CRC pa-
tients is approximately 12.5%, and the cause is significantly correlated
with the recurrence and metastasis of cancer.3 A large number of
studies have shown that the existence of cancer stem cells (CSCs) is
the main cause of tumor recurrence and metastasis.4,5 CSCs are char-
acterized by differentiation potential, self-renewal, tumorigenicity,
Molecular
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and enrichment of CSC markers. Furthermore, CSCs have high telo-
merase activity and are insensitive to radiotherapy, chemotherapy,
and epithelial-mesenchymal transition (EMT) labeling.6,7 Studies
have found that tumor cells can acquire stem cell characteristics in
the EMT process. After EMT, tumor invasion, migration, and
anti-apoptotic ability are enhanced, and the degree of malignancy
is increased.8 Therefore, there is a need to study the specific
mechanism of the EMT process in regulating CSCs to seek new ther-
apeutic targets for CRC and improve the prognosis and quality of life
of patients.

EMT, which was first proposed by Greenberg and Hay in 1982, refers
to the process of transforming epithelial cells into mesenchymal-like
cells during embryonic development or pathological conditions and is
accompanied by various phenomena, including the disappearance of
cell polarity, decreased contact between cells, increased cell invasion
and migration, and decreased cell adhesion.9 EMT is triggered by
the activation of the extracellular matrix and various growth factors,
such as transforming growth factor-b (TGF-b), epidermal growth
factor (EGF), b-fibroblast growth factor (b-FGF), and various tran-
scription factors, such as Snail, Slug, and Twist. In this process, cells
lose their epithelial phenotype and obtain a mesenchymal phenotype,
which is involved in organ and tissue formation, wound repair, organ
fibrosis, and cancer formation.9 Charpentier et al.10 found that breast
CSCs had EMT characteristics, with significantly enhanced migration
and invasion. In the process of malignant tumor recurrence, metas-
tasis, and drug resistance, EMT occurred with loss of the epithelial
phenotype and the attainment of the mesenchymal phenotype,
whereas tumor cells obtained a CSC phenotype in the EMT pro-
cess.11–13 EMT is a mechanism that gives rise to the invasive and met-
astatic phenotypes of CSCs.14,15
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OCT4, also known as POU5F1, is a protein that encodes the POU5F1
gene in humans. OCT4 is a homeobox transcription factor of the
POU family and a key regulator of the self-renewal of undifferentiated
embryonic stem cells (ESCs). OCT4 is highly expressed in many can-
cers, including CRC cells, and it participates in the regulation of CSCs
and tumor EMT processes.16–19 Human OCT4 contains five exons on
chromosome 6 and is capable of producing at least three variants (A,
B, and B1) by selective cleavage.20 OCT4B1 is initially expressed in
ESCs and embryonic carcinoma cells, and is involved in the regula-
tion and maintenance of an undifferentiated state of stem cells.21

Subsequent studies have revealed that its expression is elevated and
plays a pro-oncogenic role in various cancers, including CRC, gastric
cancer, and bladder cancer.20,22–24 OCT4B1 contributes to tumori-
genesis in cancer cells by inhibiting a large number of pro-apoptotic
genes and increasing the expression of anti-apoptotic genes.25 Malek
H. Asadi et al.22 found that OCT4B1 was highly expressed in gastric
cancer and played an anti-apoptotic role, and it might be used as a tu-
mor marker for gastric cancer or other tumors. Maria Gazouli et al.20

found that high expression levels of OCT4B1 contribute to the pro-
gression of colon cancer by analyzing OCT4B1 expression in colon
cancer samples through histological grading and differentiation.
Furthermore, the elevated expression of OCT4B1 helps maintain
the undifferentiated state of cancer cells and increases their ability
to self-renew and proliferate, suggesting that OCT4B1 overexpression
can lead to poor prognosis in CRC patients. In our previous studies on
OCT4B1 overexpression in CRC SW480 and SW620 cells, it was re-
vealed that the migration and invasion of CRC cells increased, the
resistance to the chemotherapeutic drug oxaliplatin increased, the
expression of the epithelial marker E-cadherin was significantly
downregulated, and the expression of the mesenchymal markers
N-cadherin and vimentin was significantly upregulated, suggesting
that OCT4B1 could induce EMT in parental CRC cells.26 Spyros I.
Papamichos et al.24 mentioned in a report on OCT4 and its subtypes
in stem cells that OCT4B1 is involved in the regulation of self-renewal
in ESCs. Thus far, there has been no report on whether OCT4B1 can
regulate CSCs.

The aim of the present study was to determine whether OCT4B1 can
enable colorectal CSCs to acquire self-renewal capacity through EMT.
Furthermore, the present study also investigated the indicator Polo-
like kinase 1 (PLK1), which regulates cancer EMT downstream of
Figure 1. Self-Renewal Ability of 3D Microspheres
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OCT4B1, and screened and verified miRNAs that regulate the expres-
sion of PLK1 using miRNA microarray technology to elucidate the
regulatory mechanism of OCT4B1.

RESULTS
3D Microspheres Exhibit CSC Properties

The SW480-3D and SW620-3D microspheres, which were obtained
from a suspension culture of the human CRC cell lines SW480 and
SW620, respectively, grew in suspension, which was densely arranged
and had a significantly increased volume. To verify the self-renewal of
the 3D microspheres, we performed a colony formation assay.
SW480-3D microsphere cells, SW620-3D microsphere cells, their
parental SW480 cells, and SW620 cells were all cultured in soft agar
medium. SW480-3D microsphere cells and their parent SW480 cells
had colony formation rates of 75% ± 5% and 17% ± 3%, respectively,
whereas SW620-3Dmicrospheres and their parental SW620 cells had
colony formation rates of 82% ± 6% and 21% ± 4%, respectively. The
colony-forming rate of SW480-3D and SW620-3D microsphere cells
was significantly higher than that of their parental cells (Figures 1A
and 1B).

Next, 3Dmicrospheres and their parental cells were compared for the
expression of the cell surface CRC stem cell markers CD133 and
CD44. Flow cytometric analysis revealed that CD133 was expressed
in 40.58% ± 2.32% of SW480-3D microspheres, 67.08% ± 2.59% of
SW620-3D microspheres, 18.45% ± 1.21% of SW480 cells, and
37.74% ± 2.01% of SW620 cells. In addition, the flow cytometric
analysis revealed that CD44 was expressed in 90.21% ± 3.11% of
SW480-3D microspheres, 19.80% ± 2.12% of SW620-3D micro-
spheres, 59.61% ± 2.87% of SW480 cells, and 9.58% ± 1.34% of
SW620 cells. This result shows that the expression levels of CD133
and CD44 were significantly elevated in 3D microspheres when
compared with their parental cells (Figures 1C and 1D).

Furthermore, the tumorigenic capacity of 3D microspheres and their
parental cells was tested by subcutaneous inoculation of approxi-
mately 103 cells from each cell line into the left armpit of non-obese
diabetic/severe combined immunodeficient (NOD/SCID) mice
(five mice/group). After 6 weeks, the mice in the SW480-3D micro-
sphere group formed three tumors out of five mice, and mice in the
SW620-3D microsphere group formed four tumors out of five mice
20 parent cells, and SW620-3Dmicrospheres. Scale bars: 20 mm. (B) The histogram
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Figure 2. The Expression Levels of P-gp, ABCG2,

and OCT4B1 Increased in Colorectal CSCs, Which

Could Have Underwent the EMT Process

(A and B) The protein expression levels of P-gp and

ABCG2 in SW480-3D microspheres (SW480CSCs),

SW620-3D microspheres (SW620CSCs), and their

parental cancer cells were analyzed by western blot (A)

and calculated (B). (C) The mRNA expression levels of

OCT4B1 in SW480CSCs, SW620CSCs, and their

parental cancer cells were analyzed by qRT-PCR. (D and

E) The protein expression levels of E-cadherin, N-cad-

herin, and vimentin in SW480CSCs, SW620CSCs, and

their parental cancer cells were analyzed by western blot

(D) and calculated (E). Each bar represents the mean

values ± SD of three independent experiments. *p < 0.05,

**p < 0.01.
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(Figure 1E). However, mice in the SW480 and SW620 groups did not
manifest any detectable tumors under these conditions, suggesting
that the 3D microspheres were more tumorigenic than their parental
cells.

In addition, western blotting was used to examine the expression of
the chemoresistant proteins P-gp and ABCG2, which play important
roles in the drug resistance of CRC.27,28 When compared with that in
the parental cancer cells, the protein expression of P-gp and ABCG2
in SW480-3D and SW620-3D microsphere cells increased signifi-
cantly (Figures 2A and 2B). The results suggested that 3D micro-
spheres have acquired drug resistance.

SW480-3D and SW620-3D microspheres have the characteristics of
CSCs. Compared with their parental cells, it was found that
SW480-3D and SW620-3D microspheres had increased colony for-
10 Molecular Therapy: Oncolytics Vol. 15 December 2019
mation ability, enriched colorectal CSC
markers, enhanced tumorigenic capacity in
NOD/SCID mice, and acquired drug resistance.
Therefore, we termed the SW480-3D and
SW620-3D microspheres with tumor stem cell
characteristics as SW480CSCs and SW620CSCs,
respectively.

Upregulation of OCT4B1 Expression in

Colorectal CSCs Accompanies the EMT

Process

In addition to the assessment of colorectal
CSC self-renewal, the expression of OCT4B1,
an essential regulator of the self-renewal
of undifferentiated ESCs, was investigated.
The relative mRNA expression of OCT4B1
in the SW480, SW480CSCs, SW620, and
SW620CSCs groups was 1.00 ± 0.15, 27.36 ±

2.56, 1.00 ± 0.21, and 24.82 ± 1.67, res-
pectively, as detected by qRT-PCR. The
OCT4B1 mRNA expression levels were 27-
and 25-fold higher in SW480CSCs and SW620CSCs, respectively,
when compared with their parental cancer cells (Figure 2C).
EMT markers in SW480, SW480CSCs, SW620, and SW620CSCs
were detected by western blot. When compared with that in the
parental cancer cells, the protein expression of the epithelial cell
marker E-cadherin in SW480CSCs and SW620CSCs decreased
significantly, whereas the protein expression of the mesenchymal
cell markers N-cadherin and vimentin increased significantly (Fig-
ures 2D and 2E). This suggests that the transformation of SW480
and SW620 to SW480CSCs and SW620CSCs, respectively, under-
went the EMT process.

Reduced Self-Renewal in Colorectal CSCs after Silencing the

OCT4B1 Gene

The OCT4B1 gene was silenced in SW480CSCs and SW620CSCs
by OCT4B1-short hairpin RNA (shRNA)-lentivirus vector (LV)



Figure 3. The Self-Renewal of Colorectal CSCs

Decreased after Silencing the OCT4B1 Gene

(A) The relative colony formation rates of the

SW480CSCs-NC group, SW480CSCs-OCT4B1-shR

group, SW620CSCs-NC group, and SW620CSCs-

OCT4B1-shR group. (B and C) The tumor growth of

nude mice in the SW480CSCs-NC and SW480CSCs-

OCT4B1-shR groups is shown. SW480CSCs were

treated with NC-GFP-LV or OCT4B1-shRNA-LV, and

then approximately 1 � 106 cells were inoculated sub-

cutaneously into the flanks of NOD/SCID mice 48 h

postinfection. Tumors were measured weekly and har-

vested at 6 weeks post inoculation (B). The cells treated

with OCT4B1-shRNA-LV formed significantly smaller

tumors than the cells treated with NC-GFP-LV under

similar experimental conditions (C) (n = 5/group;

*p < 0.05 between SW480CSCs-NC group and

SW480CSCs-OCT4B1-shR group). (D) The proportions

of CD44- and CD133-positive cells in the RNAi group and

NC group were analyzed by flow cytometry. (E and F) The

protein expression of the colorectal CSC markers CD44

and CD133 in the OCT4B1-shR group and NC group,

respectively, was detected by western blot (E) and

calculated (F). Each bar represents the mean

values ± SD of three independent experiments. *p < 0.05,

**p < 0.01.
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transfection. First, the knockdown efficiency was tested. The experi-
mental group (group OCT4B1-shR) was transfected with OCT4B1-
shRNA-LV, and the negative control (NC) group was transfected
with NC-GFP-LV. These two groups showed green fluorescence
under a fluorescence microscope after 3 days of transfection, suggest-
ing that cells in the OCT4B1-shR group and NC group were success-
fully transfected (Figure S1A). The relative mRNA expression of
OCT4B1 in the SW480CSCs-NC, SW480CSCs-OCT4B1-shR,
SW620CSCs-NC, and SW620CSCs-OCT4B1-shR groups was
1.00 ± 0.12, 0.23 ± 0.03, 1.00 ± 0.06, and 0.18 ± 0.04, respectively,
as detected by qRT-PCR. Compared with that in the NC group
transfected with NC-LV, the mRNA level of OCT4B1 in the
shRNA group significantly decreased after transfection with
OCT4B1-sh-RNA-LV (Figure S1B). Furthermore, the same trend
was observed for OCT4B1 protein levels detected by western blot
analysis (Figures S1C and S1D). These results suggest that the
OCT4B1 gene in SW480CSCs and SW620CSCs was silenced
successfully.

The colony formation rates of the SW480CSCs-OCT4B1-shR
group and SW480CSCs-NC group were 22% ± 2% and 74% ±

3%, respectively. In addition, the colony formation rates of the
SW620CSCs-OCT4B1-shR group and SW620CSCs-NC group
Molecular T
were 26% ± 2% and 71% ± 3%, respectively.
For the colony formation rate of the
SW480CSCs-OCT4B1-shR group, the rate of
the SW620CSCs-OCT4B1-shR group was
significantly lower than those of the corre-
sponding NC groups (Figure 3A). The colony-forming ability of
SW480CSCs and SW620CSCs after silencing the OCT4B1 gene
significantly decreased. NOD/SCID mice injected with shRNA-
treated CSCs (SW480CSCs-OCT4B1-shR and SW620CSCs-
OCT4B1-shR) formed no tumors out of five mice, whereas mice
injected with SW480CSCs-NC formed four tumors out of five
mice, and SW620CSCs-NC cells formed five tumors out of five
mice. Furthermore, the tumorigenic capacity of shRNA-treated
and NC-treated CSCs was tested through the subcutaneous inocu-
lation of approximately 106 cells from each cell line into the left
flank of nude mice (five mice per group). After 6 weeks, each
group formed tumors out of five mice, but the tumor volumes of
the SW480CSCs-OCT4B1-shR group were significantly smaller
than those obtained from the corresponding NC-treated CSCs
mice (Figures 3B and 3C). Based on this finding, it can
be concluded that shRNA-treated CSCs had a weakened
tumorigenic capacity and tumor growth inhibitory effects in
NOD/SCID mice and nude mice.

The proportion of CD133+ cells in the SW480CSCs-OCT4B1-shR
group was reduced from 16.71% ± 1.89% in the SW480CSCs-NC
group to 10.21% ± 1.01%, as determined by flow cytometry, and
the proportion of CD44+ cells in the SW480CSCs-OCT4B1-shR
herapy: Oncolytics Vol. 15 December 2019 11
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Figure 4. The Reversal of EMT in Colorectal CSCs after Silencing the OCT4B1 Gene

(A and B) The protein expression levels of E-cadherin, N-cadherin, and vimentin in SW480CSCs-NC, SW480CSCs-OCT4B1-shR, SW620CSCs-NC, and

SW620CSCs-OCT4B1-shR groups were detected by western blot (A) and calculated (B). (C) The mRNA levels of PLK1 in the SW480, SW480CSCs, SW480CSCs-NC,

andSW480CSCs-OCT4B1-shR groupswere detected byqRT-PCR. (D) ThemRNA levels of PLK1 in theSW620, SW620CSCs,SW620CSCs-NC, andSW620CSCs-OCT4B1-

shRgroupswere detected by qRT-PCR. (E and F) The protein expression of PLK1 in the SW480, SW480CSCs, SW480CSCs-NC, andSW480CSCs-OCT4B1-shR groupswas

detectedbywesternblot (E) andcalculated (F). (GandH)TheproteinexpressionofPLK1 in theSW620,SW620CSCs,SW620CSCs-NC,andSW620CSCs-OCT4B1-shRgroups

was detected by western blot (G) and calculated (H). Each bar represents the mean values ± SD of three independent experiments. *p < 0.05, **p < 0.01.

Molecular Therapy: Oncolytics
group was reduced from 90.05% ± 2.41% in the control group
to 46.32% ± 1.54%. The proportion of CD133+ cells in the
SW620CSCs-OCT4B1-shR group was reduced from 66.12% ±

3.21% in the SW620CSCs-NC group to 10.56% ± 1.23%, as deter-
mined by flow cytometry, and the proportion of CD44+ cells in
the SW620CSCs-OCT4B1-shR group was reduced from 18.56% ±

1.47% in the control group to 10.31% ± 0.81% (Figure 3D). Consis-
tent with the flow cytometry results, western blot detection revealed
that the protein expression of CD133 and CD44 in the SW480CSCs-
OCT4B1-shR and SW620CSCs-OCT4B1-shR groups decreased
significantly when compared with that in the SW480CSCs-NC
and SW620CSCs-NC groups (Figures 3E and 3F). After shRNA
interference targeting OCT4B1, the colony-forming ability of the
cells was significantly weakened, the tumorigenic capacity in vivo
was significantly reduced, and the colorectal CSC markers
decreased. Based on these findings, it could be concluded that inhi-
12 Molecular Therapy: Oncolytics Vol. 15 December 2019
bition of OCT4B1 reduced the self-renewal of SW480CSCs and
SW620CSCs.

The Reversal of EMT in Colorectal CSCs after Silencing the

OCT4B1 Gene

Compared with that in SW480CSCs-NC and SW620CSCs-NC cells,
the protein expression of the epithelial cell marker E-cadherin in
SW480CSCs-OCT4B1-shR and SW620CSCs-OCT4B1-shR cells
significantly increased, whereas the protein expression of the interstitial
cellmarkers N-cadherin and vimentinwas significantly decreased (Fig-
ures 4A and 4B), suggesting that the silencing of OCT4B1 participated
in the reversal of EMT in SW480CSCs-OCT4B1-shR and SW620CSCs-
OCT4B1-shR cells. Overall, the self-renewal of SW480CSCs and
SW620CSCs was reduced after silencing the OCT4B1 gene. These re-
sults indicate that inhibition of OCT4B1 reduced the self-renewal of
CSCs through the reversal of the EMT process.



Figure 5. Overexpression of PLK1 in SW480 Cells

Induces EMT

(A and B) The protein expression of PLK1 in SW480 cells

transduced with a PLK1-overexpressing virus or NC virus

was detected by western blot (A) and calculated (B).

(C and D) The protein expression of N-cadherin, E-cad-

herin, and vimentin in the SW480-PLK1 group and NC

group was detected by western blot (C) and calculated

(D). (E and F) The protein expression levels of Twist and

Slug in the SW480-PLK1 group and NC group were de-

tected by western blot (E) and calculated (F). Each bar

represents the mean values ± SD of three independent

experiments. **p < 0.01.

www.moleculartherapy.org
Correlation between OCT4B1 mRNA Expression and the

Clinicopathological Characteristics of CRC Patients

To investigate the clinicopathological significance of OCT4B1, we
detected OCT4B1 mRNA in 53 CRC tissue specimens by qRT-
PCR. Patients were divided into two groups according to the median
expression level of OCT4B1 mRNA. As shown in Table S2, we found
that upregulated OCT4B1mRNA expression was significantly associ-
ated with tumor node metastasis (TNM) stage (p = 0.001), tumor
infiltration (p = 0.013), lymph node metastasis (p = 0.014), and
distant metastasis (p = 0.021). Other clinical characteristics such as
gender (p = 0.875), age (p = 0.893), tumor site (p = 0.04), tumor
size (p = 0.697), tumor differentiation (p = 0.071), and the preopera-
tive carcinoembryonic antigen (CEA) level (p = 0.336) were not asso-
ciated with the expression of OCT4B1 mRNA.

OCT4B1 Regulates PLK1 Expression

The mRNA expression of PLK1 in the SW480CSCs and SW620CSCs
groups was higher than that in their parental cancer cells, and the
mRNA expression of PLK1 in the SW480CSCs-OCT4B1-shR and
SW620CSCs-OCT4B1-shR groups was lower than that in their con-
trol groups (Figures 4C and 4D). Furthermore, the same trend was
observed for PLK1 protein levels detected by western blot (Figures
4E–4H). These results suggest that the OCT4B1 gene in CSCs led to
changes in the mRNA and protein expression levels of PLK1, which
were consistent with the increase in mRNA and protein expression
of OCT4B1 compared with those in the parental cancer cells. The
silencing of the OCT4B1 gene in shRNA-treated cells led to changes
in PLK1 mRNA and protein expression levels, which were consistent
with the decrease in OCT4B1 mRNA and protein expression.

Overexpressing PLK1 in SW480 Cells Induces EMT

Compared with that in the NC group, the protein expression of PLK1
in the SW480-PLK1 overexpression group significantly increased,
Molecular T
and the difference was statistically significant
(Figures 5A and 5B), suggesting that the PLK1
gene was successfully overexpressed in the
SW480-PLK1 group. Compared with the
SW480-NC group, the expression of the epithe-
lial cell marker E-cadherin in the SW480-PLK1
group significantly decreased, whereas the
expression of the stromal cell markers N-cadherin and vimentin in
the SW480-PLK1 group was significantly upregulated (Figures 5C
and 5D). Accumulating research has documented that PLK1 can pro-
mote the expression of EMT transcription factors Twist1 and Slug
and then induce the occurrence of EMT.29 Therefore, we have de-
tected Twist and Slug in this study. We found that the protein expres-
sion of Twist1 and Slug was increased in the SW480-PLK1 group
compared with that in the SW480-NC group (Figures 5E and 5F),
and these results suggested that PLK1 can induce the EMT process.

OCT4B1 Regulates miR-8064/PLK1 Balance

A differential gene expression cluster map of the SW480,
SW480CSCs, SW480CSCs-NC, and SW480CSCs-OCT4B1-shR
groups revealed the different miRNA expression patterns in the
four groups of cells (Figure 6A). A total of 153 mRNAs were signifi-
cantly downregulated in the SW480CSCs group, and a total of 266
mRNAs were significantly upregulated in the SW480CSCs-
OCT4B1-shR group, with the criteria of 2-fold change and p < 0.05
(Tables S3 and S4). The scatter diagram illustrates cells in the four
groups, with red and green showing differences of more than 3-fold
in miRNA expression (Figure 6B). The results of a microarray
(GSE119258) analysis revealed that the expression of the OCT4B1
gene could cause abnormal expression of many miRNAs opposite
to OCT4B1 and PLK1 in the four groups of cells (Figure S2), among
which only miR-8064 was abnormally expressed and had binding
sites in PLK1. miRNAs with PLK1 binding sites were predicted by
TargetScan Human (http://www.targetscan.org/vert_71/). The results
revealed 304 miRNA binding sites in PLK1, among which the binding
sites of miR-8064 in PLK1 are shown in Figure 6C.

Furthermore, a dual-luciferase assay was used to determine whether
PLK1 is the target gene of miR-8064. The pmiGLO/PLK1-30 UTR
and pmirGLO/PLK1-30 UTR mut plasmids were constructed and
herapy: Oncolytics Vol. 15 December 2019 13
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Figure 6. PLK1 Is the Direct Target Gene of miR-8064

(A) A cluster miRNA diagram showing all upregulated and downregulated miRNAs. (B) The difference in gene expression of each group is shown in the scatter diagram

(labeled red for upregulated genes, labeled green for downregulated genes, and labeled black for no differences in gene expression). (C) The predicted binding sites of

miR-8064 in the 30 UTR of PLK1 were detected via a bioinformatics prediction tool (TargetScan Human). The mutated site in the 30 UTR of PLK1 is shown. (D and E) A

dual-fluorescence reporter assay verified that PLK1 is the direct target gene of miR-8064 (D, wild-type PLK1 30 UTR fluorescent report experiment; E, mutated PLK1 30 UTR
fluorescent reporter experiment). (F) The relative expression of miR-8064 in the SW480, SW480CSCs, SW480CSCs-NC, and SW480CSCs-OCT4B1-shR groups was

detected by qRT-PCR. (G) The relative expression of miR-8064 in the SW620, SW620CSCs, SW620CSCs-NC, and SW620CSCs-OCT4B1-shR groups was detected by

qRT-PCR. Each bar represents the mean values ± SD of three independent experiments. **p < 0.01.
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were transfected into the following six groups of cells: pmirGLO
group, pmirGLO/PLK1-30 UTR group, pmirGLO/PLK1-30 UTR +
miR-NCmimics group, pmirGLO/PLK1-30 UTR +miR-8064 mimics
group, pmirGLO/PLK1-30 UTR mut + miR-NC mimics group, and
pmirGLO/PLK1-30 UTRmut +miR-8064mimics group. The fluores-
cence changes in each group were detected using a fluorescence
analyzer. The fluorescence intensity of the pmirGLO/PLK1-30
14 Molecular Therapy: Oncolytics Vol. 15 December 2019
UTR + miR-8064 mimics group was significantly lower than that of
the other groups (Figures 6D and 6E). The dual-fluorescence reporter
vector test revealed that PLK1 was the direct target gene of miR-8064.

Moreover, we verified the expression level of miR-8064 in cell lines
with different levels of OCT4B1 gene expression. The relative expres-
sion of miR-8064 in the SW480, SW480CSCs, SW480CSCs-NC, and
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SW480CSCs-OCT4B1-shR groups was 1.00 ± 0.12, 0.40± 0.06, 0.12 ±
0.03, and 0.93 ± 0.02, respectively, analyzed by qRT-PCR. The expres-
sion of miR-8064 in SW480CSCs was lower than that in the parental
cancer cell line SW480, and the expression of miR-8064 in the
SW480CSCs-OCT4B1-shR group was higher than that in the control
group SW480CSCs-NC (Figure 6F). These results showed that the
expression of miR-8064 in the four groups of cells was consistent
with the results of the chip detection. In addition, the same trend
was observed for the expression of miR-8064 in SW620, SW620CSCs,
SW620CSCs-NC, and SW620CSCs-OCT4B1-shR groups as detected
by qRT-PCR (Figure 6G). The above results suggest that OCT4B1 can
negatively regulate miR-8064 expression in CRC cell lines. Because
OCT4B1 positively regulates the expression of PLK1 and there is
direct regulation between miR-8064 and PLK1, it could be concluded
that OCT4B1 regulates miR-8064/PLK1 balance in CRC cell lines.

DISCUSSION
CSCs are considered subsets of cancer cells with high tumorigenicity,
multilineage differentiation potential, self-renewal, and slow circula-
tion.6 Numerous studies have shown that spheres derived from cancer
cell lines are enriched in CSCs as shown by culture of sphere stem
cells.30,31 The 3D microsphere model, which is formed by non-
adherent growth through the addition of EGF, b-FGF, and B-27 in
serum-free medium, theoretically contains a large amount of
CSCs.32,33 Colony formation experiments are the most reliable exper-
iments for verifying cell growth and self-renewal.34 CSCs can gain a
clear clonal dominance in vitro and are more tumorigenic than
parental cells. It was shown that CSCs were able to form tumors in
NOD/SCID mice, whereas no significant tumor formation was
observed in parental cells. The most common method to differentiate
and identify CSCs is based on the unique glycoproteins on the cell
surface. Accumulating evidence indicates that CD133 and CD44 are
common markers of colorectal CSCs.35,36 In our study, the percent-
ages of CD133-positive cells and CD44-positive cells in 3D micro-
spheres were significantly higher than those of the parental cells
(Figures 1C and 1D). According to the high colony-forming ability,
strong tumorigenicity, enrichment of tumor stem cell markers, and
drug resistance, the suspension-cultured 3D microspheres were
CSCs, which was consistent with Kaseb et al.’s31 and Fan et al.’s35

identification of CSCs.

OCT4B1 is mainly expressed in ESCs and embryonic carcinoma
cells. Its main function is to maintain the pluripotency and self-
renewal of stem cells.23 In the present study, OCT4B1 expression
was significantly increased in colorectal CSCs when compared
with parental cells (Figure 1B). In combination with the significantly
enhanced biological function of colorectal CSCs, EMT markers were
detected, and it was found that the relative protein expression level of
the epithelial cell marker E-cadherin was significantly reduced, and
the relative protein expression levels of the mesenchymal cell
markers N-cadherin and vimentin were significantly increased
(Figures 2B and 2C). Hence the EMT process occurred. The objec-
tive was to investigate the role of OCT4B1 in the stem cell biological
function of colorectal CSCs and its relationship with the EMT
process. The OCT4B1 gene was silenced in SW480CSCs and
SW620CSCs by shRNA interference technology in order to success-
fully inhibit OCT4B1 in colorectal CSCs as determined by qRT-PCR
and western blot analyses. This was able to indicate that OCT4B1 in-
hibition could reduce the colony formation ability of CRC, weaken
tumor formation ability in vivo, and downregulate the expression
of CSC markers. Furthermore, these results indicated that
OCT4B1 played a key role in the stem cell biological properties of
colorectal CSCs. Moreover, the relative protein expression of the
epithelial cell marker E-cadherin significantly increased, and the
relative protein expression of the mesenchymal cell markers N-cad-
herin and vimentin was significantly decreased (Figures 4A and 4B).
This shows that the downregulation of theOCT4B1 gene reduced the
self-renewal of colorectal CSCs, and mesenchymal-epithelial transi-
tion (MET) occurred in reversing the EMT process. In our previous
reports, cell migration and invasion were enhanced, and EMT
marker changes were detected in SW480 and SW620 cells after over-
expression of OCT4B1.26

Together with the previous study, the current study demonstrated
that OCT4B1 can induce CRC cells to acquire self-renewal character-
istics by promoting EMT processes. In addition, we analyzed
OCT4B1 mRNA expression in surgical resection specimens derived
from 53 CRC patients and found that OCT4B1mRNAwas correlated
with the TNM stage (p = 0.001), tumor infiltration (p = 0.013), lymph
nodemetastasis (p = 0.014), and distant metastasis (p = 0.021) of CRC
(Table S2). Accumulating research has documented that EMT is
associated with cancer progression and metastasis in CRC.37,38 These
results further supported the notion that OCT4B1 increased “EMT
characteristics.” Next, the underlying regulatory mechanisms will
be discussed.

PLK1 is a serine or threonine protein kinase widely expressed in
the human body that maintains chromosome stability, repairs
damaged DNA, and prevents cell apoptosis by participating in
cell mitosis in normal physiological processes.39 PLK1 overexpres-
sion in numerous cancers is involved in the regulation of EMT.29,40

Cai et al.29 found that PLK1 promoted EMT and increased the
metastasis of gastric cancer cells through the protein kinase B
(AKT) signaling pathway. Wu et al.40 found that PLK1 could pro-
mote cell migration and invasion by inducing EMT through the
threonine kinase (CRAF)/signal-regulated kinase (ERK) signaling
pathway in prostate cancer. Furthermore, some studies have sug-
gested that PLK1 could also induce the EMT pathway indirectly
through its substrate. In pancreatic cancer,41 prostate cancer,42

and gastric cancer,43 PLK1 could further activate the FoxM1 direct
target genes Twist, Slug, Survivin, and Snail through the direct
binding and phosphorylation of FoxM1 and regulating the EMT
process. Numerous studies have found that PLK1 overexpression
in CRC cells leads to enhanced motility and invasiveness, and
PLK1 overexpression in CRC tissues has been shown to be signif-
icantly associated with TNM stage, invasiveness, lymphatic metas-
tasis, and worse survival, suggesting that abnormally elevated PLK1
may be a predictor of poor prognosis in CRC patients.44–46
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We further detected the expression of PLK1 in cell lines with different
levels of OCT4B1 expression. It was shown that the expression of
OCT4B1 increased in colorectal CSCs, the self-renewal characteristics
of colorectal CSCs significantly increased, and the EMT process
occurred. Moreover, the mRNA and protein expression levels of
PLK1 increased (Figures 4C–4H). By silencing the OCT4B1 gene in
colorectal CSCs, the expression of OCT4B1 was significantly
decreased, the EMT process was reversed as the MET process, and
the mRNA and protein expression of PLK1 decreased (Figures 4C–
4H). Furthermore, the relative protein expression of the epithelial
cell marker E-cadherin decreased, and the relative protein expression
of the mesenchymal cell markers N-cadherin, vimentin, Twist, and
Slug increased after overexpressing PLK1 in SW480 cells (Figures
5C–5F). These results suggest that PLK1 could induce the EMT pro-
cess in SW480 cells, and these results are also consistent with previous
reports.29,40,41 It could be concluded that OCT4B1 could regulate
PLK1 expression and promote EMT processes in CRC.

Accumulating research has found that a variety of miRNAs can regu-
late tumor cell proliferation, invasion, and apoptosis, as well as other
related functions, by targeting PLK1 expression.47–50 It has been
demonstrated that miR-210 inhibits the proliferation of esophageal
squamous cell carcinoma cells by inducing G2/M phase cell-cycle
arrest, and this was mediated by targeting PLK1.47 miR-296-5p in-
hibited cell viability by directly targeting PLK1 in non-small-cell
lung cancers.48 miR-100 could inhibit cell proliferation, induce
apoptosis, arrest cell-cycle progression, and restore cisplatin sensi-
tivity in epithelial ovarian cancers by targeting mechanistic target of
rapamycin (mTOR) and PLK1 expression.49 Recent research showed
that the overexpression of miR-140 could inhibit the process of EMT
and the invasion andmigration of CRC.50 It remains to be determined
whether the miRNA targeting PLK1 in CRC plays a key role in the
EMT process of CRC. By microarray screening, it was found that
OCT4B1 could lead to an obvious change in the expression of
miR-8064 (Figure S2), which was contrary to the expression pattern
of OCT4B1 and PLK1, and that miR-8064 had a binding site in
PLK1. Furthermore, dual-luciferase assay results verified that PLK1
was the downstream target gene of miR-8064 (Figures 6D and 6E).
Moreover, compared with that in parental cells and OCT4B1-shR
groups, the relative expression of miR-8064 in colorectal CSCs and
CSCs-NC groups was significantly downregulated, as detected by
qRT-PCR (Figures 6F and 6G), whereas the mRNA and protein
expression of PLK1 detected by qRT-PCR and western blot, respec-
tively, was significantly higher (Figures 4C–4H). These results
demonstrated that OCT4B1 could regulate the balance of miR-
8064/PLK1.

In conclusion, OCT4B1 may be involved in regulating the self-
renewal of colorectal CSCs through EMT, which is at least partially
due to the miR-8064/PLK1 balance. In addition, the present results
provide a theoretical basis for targeted anticancer therapy, which is
hoped to provide better treatment for patients with CRC and improve
their prognosis and quality of life. However, the function of miR-8064
in CRC and its underlying mechanism require further investigation.
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MATERIALS AND METHODS
Cell Culture and 3D Microsphere Culture

The human CRC cell lines SW480 and SW620 were purchased from
the Cell Bank of the Chinese Academy of Sciences (Shanghai, China).
293T cells were purchased from Tianjin Saier Biotechnology (Tianjin,
China). SW480, SW620, and 293T cell lines were grown in Leibovitz’s
L-15 medium (M&C GENE TECH, China) supplemented with 10%
fetal bovine serum (FBS) (GIBCO, Australia), 100 U/mL penicillin,
and 100 g/mL streptomycin (GIBCO, Australia). The cell lines were
incubated at 37�C in a humidified atmosphere supplemented with
5% CO2. The 3D microspheres were referred to as SW480-3D or
SW620-3D microspheres. SW480 and SW620 cells with good cell
growth and 80% confluency were washed three times with PBS and
grown in serum-free Leibovitz’s L-15 medium supplemented with
key components of the stem cell culture medium: B27 (1:50; GIBCO,
Australia), 20 ng/mL EGF (Invitrogen, USA), and 10 ng/mL bFGF
(Invitrogen, USA). Three days after the replacement of the above me-
dium to remove apoptotic cells, and after waiting until the medium
color faded, an appropriate amount of stem cell culture medium
was added in a timely manner. After the formation of good 3D
microspheres, the specific gravity cell spheres were used, and the
3D microspheres and other floating dead cells were isolated and pu-
rified. The cell pellet continued to be cultured in the stem cell culture,
which ultimately resulted in the 3D microspheres. When the volume
of the microspheres increased approximately two times on average,
relevant experiments were carried out.

Soft Agar Colony Formation Assay

Two concentrations of low-melting agarose solution (1.2% and 0.7%)
were prepared with distilled water. After autoclaving, the solutions
were stored in an oven at 42�C to prevent them from solidifying.
The purified SW480-3D microspheres, SW620-3D microspheres,
and parental cells SW480 and SW620, as well as the corresponding
virus-interfering cells and NC group cells, were collected with Accu-
tase enzyme (GIBCO, USA) and 0.25% trypsin (GIBCO, USA) for
digestion of the single-cell suspension. Then, cells were counted,
and the cell density was adjusted to 1 � 106 cells/L in L-15 culture
medium containing 20% FBS. Then, 1.2% agarose and 20% FBS
L-15 medium were mixed, 3 mL of the mixture was placed into a
6-cm-diameter glass dish, the mixture was cooled and allowed to
solidify, and the CO2 thermostat was placed on standby. Further-
more, 0.7% agarose and 20% FBS medium were mixed in a 1:1 ratio
in a sterile tube, 0.5 mL of the cell suspension was added to the tube
and thoroughly mixed, and poured into the 1.2% agarose plate to
generate a solid double-agar layer. After 2 weeks of cell growth in
soft agar, the number of colonies in each plate was counted using a
light microscope, the number of colonies with >50 cells was recorded,
and the clonogenic capacity was reflected by the rate of colony forma-
tion: Rate of colony formation = the number of cell clones/the num-
ber of seeded cells � 100%.

In Vivo Tumorigenicity

NOD/SCID mice and nude 6- to 8-week-old mice were purchased
from the Experimental Animal Center of Chongqing Medical
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University. Mice were acclimated for 1 week. Then, 1 � 103 of
parental and 3D microsphere cells (SW480, SW480-3D microsphere,
SW620, and SW620-microsphere cells) were suspended in 100 mL
PBS and were subcutaneously injected into the left armpit of the
NOD/SCID mice (five mice in each group). The mice were observed
for up to 6 weeks and were sacrificed when the tumors reached a
maximum diameter of 20 mm. A total of 1 � 106 SW480CSCs
were treated with NC-GFP-LV or OCT4B1-shRNA-LV, mixed with
100 mL of PBS at 48 h postinfection, and injected into nude mice,
as above. The tumor volumes were measured weekly, and the tumor
size was calculated using the formula: volume = 1/2 (width2� length).
After 6 weeks, the mice were sacrificed to check for tumor formation.
All animal experiments were approved by the Ethics Committee for
Animal Experimentation of Zunyi Medical University.

Flow Cytometry Analysis

For the flow cytometric analysis of CSC markers, cells were digested
into single-cell suspensions and washed with PBS. Then, 1� 106 cells
were resuspended in 100 mL of PBS containing 0.5% BSA and 10 mL of
fluorophore-conjugated primary antibody anti-CD133-phycoery-
thrin (PE) (Miltenyi Biotec, Germany) and anti-CD44-PE (Miltenyi
Biotec, Germany) for 10 min in the dark at 4�C. Afterward, the tubes
were removed by centrifugation and washed twice with 500 mL of PBS
buffer. Next, cells were suspended in 200 mL of PBS and analyzed
using a fluorescence-activated cell sorting (FACS) Vantage SE (BD
Biosciences, Franklin Lakes, USA).

qRT-PCR

Total RNA was isolated with a total RNA extraction kit (Solarbio,
Beijing, China) according to the manufacturer’s instructions. RNA
concentrations were determined using a NanoDrop instrument
(NanoDrop Technologies, Wilmington, DE, USA). RNA was reverse
transcribed to cDNA with the PrimeScript RT Reagent Kit
(TAKARA, Dalian, China) according to the manufacturer’s instruc-
tions. Real-time PCR was carried out with the CFX96 Real-Time
System (Bio-Rad, USA) with a 25 mL reaction mixture containing
12.5 mL of qPCR SYBR Green Mix (TAKARA, Dalian, China),
0.4 mM of each primer, 1 mL of cDNA, and diethyl pyrocarbonate-
treated H2O up to the final volume. The forward and reverse primers
were synthesized by Dalian Bao Biotech (Table S1). Gene expression
levels were quantified using the Bio-Rad CFX96 detection system, and
the samples were normalized by GAPDH or U6 expression levels.
Relative expression was calculated using the 2�DDCt method.

Western Blot Assay

Western blotting was performed on cytosolic cellular extracts. Equal
amounts of protein were resolved under reducing conditions in 10%
SDS-PAGE gels. Protein migration was assessed using protein
standards (Bio-Rad, USA). The transfer onto a nitrocellulose blot
was performed overnight at 30 V using a wet transfer system. Equal
protein loading was confirmed through Ponceau staining. The blot
was blocked in 5% skim milk in TBS plus 0.03% Tween 20 (TBST)
for 1 h and incubated overnight at 4�C with anti-E-cadherin
(1:1,000; Abcam, Cambridge, UK), anti-N-cadherin (1:1,000; Abcam,
Cambridge, UK), anti-vimentin (1:1,000; Abcam, Cambridge, UK),
anti-P-gp (1:1,000; Cell Signaling Technology), anti-ABCG2
(1:1,000; Cell Signaling Technology), anti-Twist (1:1,000; Cell
Signaling Technology), anti-Slug (1:1,000; Cell Signaling Technol-
ogy), anti-CD44 (1:1,000; Abcam, Cambridge, UK), anti-CD133
(1:1,000; Abcam, Cambridge, UK), anti-PLK1 (1:1,000; Abcam,
Cambridge, UK), anti-b-tubulin (1:1,000; Abcam, Cambridge, UK),
and anti-GAPDH (1:2,000; Abcam, Cambridge, UK). Then, the blot
was washed with TBST and subsequently incubated in a horseradish
peroxidase-conjugated antibody solution (1:5,000; Amersham Life
Sciences, Piscataway, NJ, USA) for 1 h at room temperature. Protein
bands were visualized using a chemiluminescent substrate and
exposing the blot to autoradiographic film. LabWorks Image Acqui-
sition and Analysis software (UvP) was used to quantify the band
intensities.

Cell Transfection

Lentiviral constructs expressing OCT4B1 shRNA (OCT4B1-shRNA-
LV) were purchased from Shanghai Genechem, China. The OCT4B1
shRNA vector sequence was as follows: 50-GATCCCAGACT
ACCCTCACCCATGTTCAAGAGACATGGGTGAGGGTAGTCTG
TTTTTTGGAAA-30; reverse: 50-AGCTTTTCCAAAAAACAGAC
TACCCTCACCCATGTCTCTTGAACATGGGTGAGGGTAGTCT
GCG-30. SW480 and SW620 cells were seeded in a six-well plate at a
concentration of 2 � 105 cells per well (30% confluence) on the day
before shRNA transduction. OCT4B1-shRNA-LV was transduced
into cells at a MOI of 20 (SW480) or 30 (SW620) using Polybrene
(8 mg/mL) and Enhanced Infection Solution (Genechem, China).
At the same time, a nontarget NC virus GFP-LV (Genechem, China)
was transduced into cells using the same methods to control for the
effects of the viral vector. To exclude effects of the virus plasmid
vector, we included an NC group transfected with an NC virus
(NC-GFP-LV; purchased from Genechem, Shanghai, China) in the
experiment. After incubation for 12 h, the medium was replaced
with fresh L-15 medium. The transduction efficiencies were observed
using a fluorescence microscopy camera at 72 h after transduction.
The generation of overexpression lentivirus (PLK1-GFP-PURO
virus) and NC virus (GFP-PURO virus) was performed by Shanghai
Genechem, China. The optimal transfection conditions were obtained
in a pre-experiment (MOI = 40, 2 mg/mL Polybrene), and SW480
cells were transfected at the optimal number and growth state. At
the indicated time points, cells were harvested for mRNA and protein
analysis, as well as for other assays.

Patients and Tissue Samples

Fifty-three primary CRC tissue specimens were consecutively
collected from patients undergoing curative resection in 2019 be-
tween January and March at the Affiliated Hospital of Zunyi Medical
University (Zunyi, China). Specimens were frozen in liquid nitrogen
immediately after surgical removal and were stored in liquid nitrogen
until use for qRT-PCR analysis. The clinicopathological characteris-
tics of the 53 primary CRC cases were as follows: mean age was
58.3 (range 34–81) years; 30 males and 23 females; and 14 were
well differentiated, 31 moderately differentiated, and 8 poorly
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differentiated. Pathological TNM staging was performed according to
the 8th edition of the Union for International Cancer Control (UICC)
as follows: 5 stage I, 16 stage II, 27 stage III, and 5 stage IV. The diag-
nosis of CRC was established based on histopathological evaluation.
Written informed consent was obtained from all patients. The study
was approved by the Ethics Committee of the Affiliated Hospital of
Zunyi Medical University. Signed informed consent was obtained
from the patients or their guardians.

Microarray Analysis

Total RNAwas isolated from SW480, SW480CSCs, SW480CSCs-NC,
and SW480CSCs-OCT4B1-shR group cells using a total RNA extrac-
tion kit (Solarbio, Beijing, China) according to the manufacturer’s
instructions. Total RNA was purified using the mirVana miRNA
Isolation Kit (AM1561). Purified RNA was dephosphorylated and
labeled using the miRNA Complete Labeling and Hyb Kit (Agilent,
USA). The chips were scanned using the Agilent chip scanner
(G2565CA) to obtain hybrid images. Agilent Feature Extraction soft-
ware (v10.7) was used to analyze acquired hybrid images; differen-
tially expressed genes with statistical significance among the four
groups were identified through Volcano Plot filtering. Differentially
expressed genes among the four samples were identified through
fold change filtering. Hierarchical clustering was performed using R
scripts. GO analysis was performed using the standard enrichment
computation method. Global Gene expression array data are available
at the NCBI GEO under accession number GEO: GSE119258 (https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE119258).

Dual-Luciferase Reporter Assay

After construction of pmirGLO/PLK1-30 UTR and pmirGLO/
PLK1-30 UTR mut vectors, cells were divided into six groups,
according to the different transfection conditions: pmirGLO group,
pmirGLO/PLK1-30 UTR group, pmirGLO/PLK1-30 UTR + miR-
NC mimics group, pmirGLO/PLK1-30 UTR + miR-8064 mimics
group, pmirGLO/PLK1- 30 UTR mut + miR-NC mimics group, and
pmirGLO/PLK1-30 UTR mut + miR-8064 mimics group. For cell
transfection, 293T cells were digested and centrifuged before transfec-
tion and inoculated into a 48-well plate with 6 � 104 cells per well.
The first transfection was performed in the miRNA-NCmimic group
as an example as follows: transfection solutions A and B were pre-
pared, with transfection solution A containing 1 mL (20 mM) of the
miRNA-NC mimic diluted with 49 mL of serum-free medium and
mixed well, and transfection solution B containing 1 mL (20 mM) of
Lipofectamine 2000 reagent diluted with 49 mL of L-15 serum-free
medium and mixed well at room temperature for 5 min. Transfection
solution B was mixed with transfection solution A and was placed at
room temperature for 20 min. Then, the configured transfection me-
dium was added to the corresponding plates (100 mL/well), cultured
in an incubator for 4 h, and added to the common medium (3 mL/
well), and the cells were cultured further. The second transfection
was performed as follows. A 1.5-mL centrifuge tube was used to
prepare transfection solutions A and B. L-15 serum-free medium
was added and diluted with 0.4 g of pmirGLO or pmirGLO/
PLK1-30 UTR at a total of 50 L of mixed liquid. To make solution
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B, L-15 serum-free medium was added and diluted with 0.4 mL of
Lipofectamine 2000 Reagent to a final volume of 50 mL after mixing
at room temperature for 5 min. Solution B was mixed with solution
A after incubation at room temperature for 20 min. The transfection
liquid was added to the corresponding wells (100 mL/well) after incu-
bation for 4 h and was added to the common medium (3 mL/well),
and the cells were cultured further. The Dual-Luciferase Reporter
Gene Test Kit (Beyotime Biotechnology, Shanghai, China) was used
to detect luciferase activities in different groups after 48 h of cotrans-
fection. The firefly and Renilla luciferase reagents were added to
detect the luciferase activity of each group.
Statistical Analysis

Data were expressed as the mean ± SD. Comparisons between the two
groups were analyzed by Student’s t test. For testing among multiple
groups, one-way ANOVA with the Student-Newman-Keuls (SNK)-q
test was conducted. The Pearson c2 test was performed to analyze the
relationship between OCT4B1 mRNA expression and the clinico-
pathological characteristics. Statistical analyses were performed using
SPSS software (version 18.0). Each experiment was performed three
times, and p < 0.05 was considered statistically significant.
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