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Abstract. OCT4 is an essential transcription factor for main-
taining the self-renewal and the pluripotency of embryonic 
stem cells (ESCs). The human OCT4 gene can generate three 
mRNA isoforms (OCT4A, OCT4B and OCT4B1) by alterna-
tive splicing. OCT4A protein is a transcription factor for the 
stemness of ESCs, while the function of OCT4B isoforms 
remains unclear. Most types of cancer express a relatively low 
level of OCT4 protein, particularly the OCT4B isoforms. In 
the present study, we found that OCT4A and OCT4B mRNA 
were co-expressed in several types of tumor cell lines and 
tumor samples, and we demonstrated that OCT4B functioned 
as a non-coding RNA, modulating OCT4A expression in an 
miRNA-dependent manner [competing endogenous RNA 
(ceRNA) regulation] at the post-transcription level in the tumor 
cell lines. This is the first time that ceRNA regulation was 
observed among spliced isoforms of one gene, and may pave 
the way for identification of new targets for cancer treatment.

Introduction

OCT4, also known as POU5F1, is an essential transcription 
factor of embryonic development, and maintains the pluripo-
tency and self-renewal of embryonic stem cells (ESCs) (1-3). It 
is a main factor in iPS cell generation (4-6). OCT4 is expressed 
in several types of cancer and is involved in maintaining 
cancer stem cell (CSC) properties (7-10), and is associated 
with the degree of malignancy and the drug-resistance of 
cancer (11-14).

There are 3 alternative spliced mRNA isoforms generated 
by the OCT4 gene: OCT4A, OCT4B and OCT4B1 (15,16). 
OCT4A mRNA translates into the OCT4A protein which 
is the canonical OCT4 protein exerting the known function 
of OCT4 as a transcription factor. OCT4B mRNA gener-
ates three protein isoforms through alternative translation 
initiation: OCT4B‑265, OCT4B‑190 and OCT4B-164  (17). 
OCT4B1 mRNA is predicted to generate a potential trun-
cated peptide (18). OCT4A is highly expressed in the nuclei 
of blastocysts and compacted embryos, whereas OCT4B is 
found in the cytoplasm of all cells from the four-cell stage 
onward (19,20). Many studies have focused on the function 
of OCT4A in contrast to OCT4B. Recently, OCT4B‑265 has 
been reported to be upregulated by genotoxic stress treatment 
in ES cell lines, and overexpression of OCT4B-265 was found 
to promote cell apoptosis in a p53-dependent manner (21). In 
oncology research, most types of cancer express a relatively 
low level of the OCT4 protein, particularly the OCT4B 
isoforms (22).

Compared to the low protein level, OCT4A and OCT4B 
mRNA are co-expressed in several types of tumor cell 
lines (22,23), yet the OCT4B protein fails to be upregulated 
after proteasome inhibitor treatment (21). These findings may 
suggest that in tumor cells OCT4B executes its functions at the 
RNA level but not as a fully functional protein.

Regulation of gene expression by microRNAs which guide 
the RNA-induced silencing complex (RISC) to microRNA 
response elements (MREs) on target transcripts is ubiquitous 
among mammals, usually resulting in degradation of the 
transcript or translation inhibition (24). Aberrant expression-
fluctuation of a large number of miRNAs has been found 
in cancer (25,26). Recently, numerous experiments provide 
support to the hypothesis that RNA molecules that share 
MREs can regulate each other by competing for microRNA 
binding, for which the process is termed competing endoge-
nous RNA (ceRNA) regulation (27-32). An OCT4 pseudogene, 
OCT4‑pg4, has been observed to regulate OCT4A expres-
sion as an miR-145 sponge in hepatocellular carcinoma (33). 
Unfortunately, miR-145 is downregulated in most types of 
cancers, which confines the strength of this regulation (34-36). 
ceRNA regulation mediated by several pseudogenes has been 
demonstrated. Yet, whether or not this regulation exists among 
transcript isoforms and the related mechanism have not been 
elucidated. Consistent with the co-expression of OCT4A and 
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OCT4B, we hypothesized that OCT4B regulates OCT4A as 
ceRNA.

In the present study, we demonstrated that in the cancer cell 
lines: i) expression of OCT4B was relatively low at the protein 
level, yet not at the RNA level; ii) OCT4B regulated OCT4A 
expression in an miRNA-dependent manner (ceRNA regula-
tion) at the post-transcription level; iii) in addition to miR-145, 
miR-20a, miR-20b, miR-106a, miR-106b and miR-335 were 
capable of regulating OCT4. This is the first time that ceRNA 
regulation has been observed among spliced isoforms, and 
OCT4B acts as a modulator of OCT4A expression. These find-
ings may pave a way for identification of new targets for cancer 
treatment.

Materials and methods

Materials. The primary antibody of OCT4 (ab19857, 
rabbit pAb, 1:500) was obtained from Abcam (Cambridge, 
MA, USA), and antibodies against β-actin (sc-47778, 
HP-conjugated, 1:500) were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA), and HP-conjugated 
anti-rabbit mouse secondary antibodies were obtained from 
the Beyotime Institute of Biotechnology (Beyotime, Haimen, 
China). Three independent anti-Oct4B stealth RNAi siRNAs, 
Si-1 5-AAGGGATGCAGAGCATCGTGAAAGG-3, Si-2 
5-TTTCCATTCGGGATTCAAGAACCTA-3 and Si-3 
5-TAAACACACCAGTTATCAATCTCCC-3, were mixed into 
an siRNA pool (20 and 6.7 µM each). Lipofectamine® 2000, 
RNAiMAX, Opti-MEM® reduced serum media, Stealth® 
RNAi siRNA and SYBR® Select Master Mix, and NCode® 
miRNA First-Strand cDNA Synthesis kit were obtained 
from Invitrogen (Life-Technologies, Carlsbad, CA, USA). 
X-tremeGENE® 9 was purchased from Roche (Roche Applied 
Science, Basel, Switzerland). RPMI-1640, MEM-EBSS and 
McCoy's  5A medium and fetal bovine serum (FBS) were 
obtained from HyClone (Thermo Fisher Scientific, Waltham, 
MA, USA). MG132 was purchased from Beyotime Institute of 
Biotechnology. PrimeScript® RT reagent kit with gDNA Eraser 
was obtained from Takara Bio (Dalian, China). microRNA 
mimics were obtained from RiboBio (Guangzhou, China).

Plasmid construction. The 3'UTR of OCT4 was amplified 
from genomic DNA of PA-1 cells and cloned into the EGFP 
ORF C-terminal of pEGFP-N1 (Clontech, Mountain View, 
CA, USA) using NotI and XbaI sites, and then subcloned 
into the psiCHECK-2 vector (Promega, Madison, WI, USA) 
by the XhoI and NotI sites. The primer sequences were: 
OCT4 3'UTR-F, 5-TGCCTGCCCTTCTAGGAA-3 and 
OCT4 3'UTR-R, 5-AAGTGTGTCTATCTACTGTGTCC-3. 
microRNA-specific mutation psi-CHECK-2 OCT4 3'UTR 
plasmid (Δ145, Δ17, Δ335, Δ384 and Δ339), were gener-
ated using the QuikChange® Site-Directed Mutagenesis kit 
(Stratagene, Agilent Technologies, Wilmington, DE, USA).

Cell culture and transfection. The human ovarian tera-
toma cell line PA-1, and the human gastric cancer cell lines 
MGC803, SGC7901 and NCI-N87, were purchased from the 
Cell Resource Center, IBMS, CAMS/PUMC. The prostate 
cancer cell line DU145 was obtained from the American Type 
Culture Collection (ATCC; Manassas, VA, USA). The colon 

cancer cell line HCT116 wild‑type and Dicer-/-  (HCT116-/-) 
cell line were kindly donated by Professor B. Vogelstein of 
Johns Hopkins University. PA-1 cells were maintained in 
MEM-EBSS medium, HCT116 and HCT116-/- were main-
tained in McCoy's 5A medium and the other cell lines were 
maintained in RPMI-1640 medium. All culture media were 
supplemented with 10% FBS and 100 U/ml penicillin/strepto-
mycin (both from HyClone, Thermo Fisher Scientific), at 37˚C 
in a humidified atmosphere (5% CO2/95% air).

OCT4 3'UTR was cloned into the pEGFP-N1 vector 
and marked as pEGFP-Oct4 3'UTR. DNA transfection was 
performed using X-tremeGENE® 9 when cells reached 80% 
confluency. For siRNA/miRNA mimic transfection (100 nM), 
Lipofectamine® RNAiMAX was utilized, when cells reached 
a 50% confluency. Lipofectamine®  2000 was used for 
reporter gene plasmid and miRNA mimic co-transfection. 
Transfections were performed according to the manufacturer's 
recommendations in 6-well plates.

Cell proliferation analysis. Eight hours post-transfection, the 
cells were trypsinized, resuspended and seeded in four sepa-
rate 24-well plates at a final density of 10,000/well. Starting 
from the following day (day 0), one plate/day was washed once 
with PBS, fixed in 4% paraformaldehyde solution for 10 min at 
room temperature, and then stained with 0.05% crystal violet 
for 30 min. After lysis with methanol, the absorbance was read 
at 592 nm on a microplate spectrophotometer (SpectraMax® 
M3; Molecular Devices, Sunnyvale, CA, USA).

RNA extraction and real-time PCR. For real-time PCR 
analyses, total RNA was extracted from the cells using TRIzol® 
(Ambion, Life-Technologies) reagent as per the manufacturer's 
instructions. Several types of RNA were donated by Dr Wang 
(HMU). Clearance of DNA contamination in RNA and cDNA 
synthesis was performed using the PrimeScript® RT reagent 
kit with gDNA Eraser according to the manufacturer's 
instructions. MicroRNA reverse transcription was performed 
using NCode® miRNA First‑Strand cDNA synthesis kit 
according to the manufacturer's instructions. Real-time PCR 
was subsequently performed using the ABI-7500 system 
employing SYBR® Select Master Mix. Primer sequences were: 
OCT4A F, 5-CCCCTGGTGCCGTGAA-3 and OCT4A  R, 
5-GCAAATTGCTCGAGTTCTTTCTG-3; OCT4B F, 5-CAG 
GGAATGGGTGAATGAC-3 and OCT4B  R, 5-AGGCAG 
AAGACTTGTAAGAAC-3; GAPDH  F, 5-GAGTCAACG 
GATTTGGTCGT-3 and GAPDH R, 5-GACAAGCTTCCCGT 
TCTCAG-3.

Luciferase assays
Validation of miRNA regulation by OCT4. HCT116 cells were 
seeded 24 h before transfection at a density of 50,000 cells/well 
in 24-well plates. psiCHECK-2 OCT4 3'UTR WT vector 
(500  ng) or miR-145/miR-335/miR-384/miR-339/miR-17a 
site mutation vector was co-transfected with corresponding 
miRNA mimics with Lipofectamine® 2000 according to the 
manufacturer's instructions.

Detection of OCT4A/B reciprocal regulation. HCT116 
and PA-1 cells were seeded 24 h before transfection at a density 
of 50,000 or 60,000 cells/well in 24-well plates. psiCHECK-2 
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OCT4 3'UTR WT vector (500 ng) was co-transfected with 
the corresponding 800 ng pEGFP-Oct4 3'UTR/pEGFP empty 
vector with Lipofectamine 2000 according to the manufac-
turer's instructions.

In all cases, firefly luciferase gene in psiCHECK-2 was 
used as a normalization control for transfection efficiency. At 
48/72 h after transfection, firefly and Renilla luciferase activi-
ties were measured consecutively with the Dual-Luciferase 
reporter assay system using a luminometer (both from 
Promega).

Western blotting assay. Whole-cell lysate preparation 
and western blot analysis were carried out as previously 
described (37).

Bisulfite sequencing analysis. Bisulfite sequencing PCR 
(BS-PCR) was performed with genomic DNA from the PA-1, 
HCT116, HCT116-/-, MGC803 and DU145 cells with EpiTect 
Fast LyseAll Bisulfite kit (Qiagen, Hilden, Germany). PCR 
reactions were performed using EpiTaq HS (Takara Bio) with 
Nest PCR primers: OCT4 distal enhancer (DE) outer F, 5-AG 
GAGTTATTAGGAAAATGGGTAGTAG-3 and OCT4 DE 
outer R, 5-TACCTTCTAAAAAAATAAATATCCC-3; OCT4 
DE inner F, 5-ATTTGTTTTTTGGGTAGTTAAAGGT-3 and 
OCT4 DE inner R, 5-CCAACTATCTTCATCTTAATAACA 
TCC-3.

The second PCR products were subcloned using pMD-19 
T vector (Takara Bio) according to the manufacturer's protocol, 
and individual clones were subsequently sequenced (Sangon 
Biotech, Shanghai, China). Clones were only accepted if there 
was at least 90% cytosine conversion, and all possible clon-
alities were excluded based on criteria from the BiQ Analyzer 
software (Max Planck Society, Munich, Germany). At least 
10 replicates were performed for each of the selected regions 
in each cell line.

Co-expression of OCT4A and OCT4B analysis. For qRT-PCR 
assessment, data were analyzed using the ∆∆Ct method; for 
co-expression in invasive breast cancer, prostate and colon 
cancer samples, processed and normalized expression data 
were downloaded from the TCGA database, and then analyzed 
with RSEM (RNA-Seq by Expectation-Maximization).

Statistical analysis. Each experiment was repeated at least in 
triplicate. Statistical analyses (Student's t-test) were performed 
using Microsoft Excel. p<0.05 (p<0.05, p<0.01, p<0.001 as 
indicated in the figures) was considered to indicate a statisti-
cally significant result, and results are expressed as mean ± SD.

Results

Ubiquitous expression of OCT4A and OCT4B mRNA but 
not protein in the tumor cell lines. To measure expression 
of OCT4 in the tumor cells, we used qRT-PCR and western 
blotting to detect the RNA and protein expression levels of 
OCT4  (Fig.  1A  and  B). Consistent with a previous study, 
OCT4 protein was absent in most of the somatic cancer cell 
lines  (22). At the RNA level, we found that OCT4A and 
OCT4B expression were correlated to each other (Fig. 1A). In 
order to confirm whether co-expression of OCT4A/B exists 

in the tumor samples, we analyzed expression data from the 
TCGA database. After removing samples that did not express 
OCT4A or OCT4B (no raw sequencing read), expression of 
OCT4A/B was found to be correlated in invasive breast, pros-
tate and colon cancer samples (Fig. 2A-C). To eliminate any 
bias generated by our analysis method, an OCT4 pseudogene 
transcript, POU5F1B, acting as a valid microRNA-145 sponge 
that regulates OCT4A expression was also analyzed  (33). 
The results indicated that POU5F1B also showed a positive 
correlation to OCT4A expression in the aforementioned 
cancers (Fig. 2D-F).

We further exposed PA-1 (a teratoma cell line) to MG132,  
a proteasome inhibitor, which has been proven to upregu-
late OCT4B in these cells  (21). As expected, OCT4B was 
upregulated following a 10-h treatment with MG132 in a 
concentration-dependent manner (Fig. 1C). Yet, MG132 was 
unable to upregulate OCT4B protein in the colon cancer cell 
lines HCT116 and HCT15 and in the prostate cancer cell lines 
DU145 and PC-3 (data not shown).

OCT4B modulates OCT4A expression as ceRNA. To confirm 
our hypothesis, we utilized anti-OCT4B siRNA knockdown 
of OCT4B or overexpression of OCT4B 3'UTR (as for OCT4 
3'UTR, due to the fact that OCT4B 3'UTR and OCT4A 

Figure 1. OCT4A and OCT4B expression in the different types of cancer 
cell lines. (A) RNA co-expression of OCT4A and OCT4B in various cancer 
cell lines, as determined by qRT-PCR. (B) OCT4 protein expression in the 
different cancer cell lines. (C) OCT4A and OCT4B protein expression in the 
PA-1 cell line, 10 h post-treatment with a proteasome inhibitor (MG132).
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3'UTR are identical). In the PA-1 cells, anti-OCT4B siRNA 
inhibited OCT4B and OCT4A at the RNA and protein levels. 
Overexpression of OCT4 3'UTR increased OCT4A and 
OCT4B protein expression (Fig. 3A and C). Since miR-145 has 
been confirmed to regulate SOX2, we assessed whether SOX2 
expression was affected. SOX2 protein also fluctuated in the 
process with the same tendency as OCT4 (Fig. 3C).

To ascertain whether this observed effect is dependent 
upon OCT4 3'UTR, we constructed a chimeric luciferase 
plasmid tagged with the OCT4 3'UTR (Luc-OCT4 3'UTR). In 
the PA-1 and HCT116 cells, overexpression of OCT4 3'UTR 
enhanced Luc-OCT4 3'UTR activity, but in Dicer-deficit 
HCT116 cells (HCT116-/- cells do not express the majority of 
mature miRNAs), Luc-OCT4 3'UTR activity was not affected, 
indicating that mature microRNAs are essential for the regula-
tion (Fig. 3B). Furthermore, overexpression of OCT4 3'UTR 
increased OCT4A protein expression in the HCT116 cells, 
but not in the Dicer-deficit HCT116-/- cells (Fig. 3D and E), 
and MG132 was unable to elevate OCT4B protein expres-
sion (Fig. 3D).

microRNA pool regulates OCT4 expression. To verify the 
microRNAs that mediate OCT4A/B ceRNA modulation, 
we used the miRanda algorithm to predict OCT4-targeting 
miRNAs and detected their expression levels; apart from 

miR-106a, predicted miRNAs, miR-145, miR-20a, miR-20b, 
miR-384, miR-106b, miR-335 and miR-339 were expressed at 
a higher level in the PA-1 and HCT116 cells, in contrast to 
the levels in the HCT116-/- cells (Fig. 4A). miR-145 has been 
reported to regulate OCT4 expression (38). In the HCT116 
cells, expression of miR-145, miR-335, miR-20a, miR-20b, 
miR-106a and miR-106b significantly reduced Luc-OCT4 
3'UTR activity according to mutation construct, respectively. 
Overexpression of miR-339 and miR-384 did not obviously 
affect Luc-OCT4 3'UTR activity (Fig. 4B). Since miR-106a/b 
and miR-20a/b belong to the miR-17 family, we further tested 
the effect of miR-17a expression on Luc-OCT4 3'UTR activity, 
and the results demonstrated a negative effect (Fig. 4B).

Consistent with the luciferase results, overexpression of 
miR-145, miR-335, miR-20a, miR-20b, miR-106a and miR-
106b caused a significant downregulation of OCT4 protein in 
the HCT116 cells (Fig. 4C).

Cell proliferation is regulated by OCT4A/B ceRNA interaction. 
We next investigated the biological functions of ceRNA 
regulation among OCT4A/B. Previous studies indicated 
that suppression of OCT4A inhibited cell proliferation, 
and suppression of OCT4B sensitized A549 cells to 
cisplatin (39,40). To evaluate the effects of anti-OCT4B siRNA 
or overexpression of OCT4 3'UTR on cell proliferation, a 

Figure 2. Co-expression of OCT4A, OCT4B and POU5F1B in different types of cancer from the TCGA database. Co-expression of OCT4A and OCT4B in 
invasive (A) breast, (B) prostate and (C) colon cancer. Co-expression of OCT4A and POU5F1B in invasive (D) breast, (E) prostate and (F) colon cancer. 
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cell proliferation assay was performed. The results revealed 
that in the PA-1 cells knockdown of OCT4B significantly 
inhibited cell growth (Fig. 5A). In contrast, overexpression 
of OCT4 3'UTR in the PA-1 and HCT116 cells promoted cell 
proliferation (Fig. 5B and C), but not in the HCT116-/- cell 
line (Fig. 5D).

OCT4 promoter is highly methylated in somatic cancer cell 
lines. To elucidate the underlying mechanisms involved in 
the low level of expression of OCT4A/B in tumor cells, the 
epigenetic factors were investigated.

Methylation of a distal enhancer region of the OCT4 
promoter was reported to be associated with OCT4 expres-
sion (22). We utilized bisulfite sequencing to detect methylation 
of this region in the teratoma cell line PA-1 and in 4 different 
somatic cancer cell lines. The results revealed that in the 
HCT116, HCT116-/-, MGC803 and DU145 cell lines, all 5 CpG 
sites showed a relative high level of methylation, in contrast to 
the PA-1 cells (Fig. 6). Yet, notably, DNA methylation inhibitor, 

decitabine, failed to enhance the expression of OCT4A/B in 
the HCT116 and DU145 cells (data not shown).

Discussion

OCT4 is an essential transcription factor of embryonic 
development, involving maintenance of the pluripotency and 
self-renewal of embryonic stem cells (ESCs) (1-3), and is a 
main factor in iPS cell generation (4-6). OCT4 is expressed in 
several types of cancer facilitating the maintenance of cancer 
stem cell (CSCs) properties (7-10), and is associated with the 
degree of malignancy and the drug‑resistance character of 
cancer (11-14).

Three alternative spliced mRNA isoforms are generated 
by the OCT4 gene: OCT4A, OCT4B and OCT4B1 (Fig. 7A) 
(15,16). OCT4A mRNA translates into the OCT4A protein 
which is the canonical OCT4 protein exerting the known 
function of OCT4 as a transcription factor. OCT4B mRNA 
generates three protein isoforms through alternative transla-

Figure 3. OCT4B modulates OCT4A expression as ceRNA. (A) RNA expression of OCT4A/B post-transfection with anti-OCT4B siRNA or overexpression of 
OCT4 3'UTR. (B) Luciferase activity in PA-1, HCT116 and HCT116-/- cells cotransfected with pEGFP-OCT4 3'UTR and a luciferase-OCT4 3'UTR reporter 
plasmid. (C) OCT4 and SOX2 protein expression in the PA-1 cells after knockdown of OCT4B or overexpression of OCT4 3'UTR. (D) OCT4 protein expression 
in the HCT116 cells after overexpression of OCT4 3'UTR, without or with a 10-h MG132 treatment. Mean ± SD; n>3; *p<0.05; **p<0.01; N.S., not significant. 
(E) OCT4 protein expression in the HCT116-/- cells following forced expression of OCT4 3'UTR with various vector volumes in transfection.
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Figure 5. Cell proliferation is regulated by OCT4A/B ceRNA interaction. (A and B) Cell proliferation curve of PA-1 cells transfected with anti-OCT4B 
siRNA or overexpression of OCT4 3'UTR. (C) Cell proliferation curve of HCT116 cells transfected with pEGFP-OCT4 3'UTR. (D) Cell proliferation curve of 
HCT116-/- cells transfected with pEGFP-OCT4 3'UTR. Mean ± SD; n>3; *p<0.05; ***p<0.001; N.S., not significant.

Figure 4. Expression of OCT4 is regulated by microRNAs. (A) Expression of predicted OCT4-targeting microRNAs in the PA-1, HCT116 and HCT116-/- cell 
lines. (B) Luciferase activity in the HCT116 cells cotransfected with predicted OCT4-targeting microRNAs and luciferase-OCT4 3'UTR reporter plasmid. 
(C) OCT4 protein expression in the HCT116 cells transfected with reporter gene assay-validated OCT4-targeting microRNAs. Mean ± SD; n>3; *p<0.05; 
**p<0.01.
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tion initiation: OCT4B-265, OCT4B-190 and OCT4B-164 (17). 
OCT4B1 mRNA has been predicted to generate a potential 
truncated peptide and could convert to OCT4B (18).

Based on previous research and our results, expression 
of OCT4, particularly OCT4B, was relative lower in the 
tumor cell lines when compared to embryonic cells. At the 
protein level, OCT4B was undetectable by western blot-
ting (Fig. 1B). (21,22). Evidence in ES cells shows that OCT4B 
proteins are degraded quickly by the proteasome pathway, and 
MG132 blocks the degradation of OCT4B (21,41). In several 
tumor cell lines, MG132 was unable to upregulate expression 
of OCT4B, whereas OCT4A and OCT4B RNA expression 
were correlated with each other in the tumor cell lines and 
tumor samples (Figs. 1A and 2A-C). Thus, we hypothesized 
that OCT4B may function as a non-coding RNA, yet not a 
coding RNA in tumors.

Recently, the boundary between coding RNAs and 
non-coding RNAs has become obscure (42). A coding transcript 
may exert a non-coding function by competive binding with 
miRNAs and act as a trans-modulator of other gene expression 

for the same miRNA‑target (27,29,30). This ceRNA regulation 
has been found between gene/pseudogene and among diverse 
gene transcripts. Here, in the present study, for the first time, 
we found a ceRNA relationship between 2 alternative spliced 
transcripts of one gene; OCT4B regulated OCT4A expression 
by competive binding with microRNAs  (Figs.  3  and  7). 
During the process, we also found a group of miRNAs that 
target OCT4; agreeing with most research, miRNA target-
predicting algorithms have a low precision, compared to the 
experimental detection methods (Fig. 4B) (43). Our results 
also support that manipulation of OCT4B expression may 
alter cell proliferation, consistent with a previous study on 
OCT4B  (39). We believe that the reported anti-apoptotic 
property of OCT4B is based on its impact on OCT4A, acting 
as ceRNA. Our subsequent research will focus on this aspect. 
In the course of overexpression of OCT4 3'UTR, SOX2 was 
also upregulated. Yet, due to the absence of SOX2 expression 
in the HCT116-/- cells, we could not ascertain whether or not 
the underlying mechanisms are dependent upon the competive 
binding of miR-145 by OCT4 3'UTR.

Confusingly, anti-OCT4B siRNA was unable to 
downregulate OCT4A in the HCT116 cells (data not shown). 
One explanation may be that knockdown of the low expression 
of OCT4B was not enough to perturb the abundance of OCT4-
targeting miRNAs. Abundance of miRNAs and endogenous 
target sites may play a key role in ceRNA regulation (44).

DNA methylation has been reported to be associated with 
gene expression; hypermethylated CpG site at CpG islands 
in the gene promoter is associated with gene transcrip-
tion (45-47). Methylation of a distal enhancer region of the 
OCT4 promoter was reported to be related to OCT4 expres-
sion (Fig. 6) (22). According to our results, DNA methylation 
inhibitor, decitabine, was unable to increase the expression 
of OCTA or OCT4B in the HCT116 and DU145 cells. This 
demonstrated that more complicated epigenetic modifications 
are involved, apart from DNA methylation (48-52).

In conclusion, we demonstrated that: i)  expression of 
OCT4B is low at the protein level, yet not at the RNA level; 
ii) OCT4B modulates OCT4A expression via an miRNA-
dependent manner (ceRNA regulation) at the post-transcription 
level; iii) in addition to miR-145, miR-20a, miR-20b, miR-106a, 
miR-106b and miR-335 are capable of targeting OCT4. This 
is the first time that ceRNA regulation was observed among 
spliced isoforms, and OCT4B acts as a modulator of OCT4A 
expression.
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(A) Schematic structure of human OCT4 gene mRNA and protein products. 
Three mRNA isoforms OCT4A, OCT4B, and OCT4B1 are generated from 
the OCT4 gene. (B) Schematic outline of the miRNA-mediated mutual regu-
lation of OCT4A and OCT4B.
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