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Abstract

Oct4 is among the key genes involved in pluripotency. Oct4, through alter-
native splicing, produces at least three different transcripts, Oct4a, Oct4b,
and Oct4bl. The Octda transcript has been focused on due to its role in
pluripotency and multipotency of stem cells. There are several Oct4 pseu-
dogenes with at least seven identified in the human genome. Some of these
Oct4 pseudogenes have been found in various cancers. The Oct4 pseudogenes
share high homology to the Oct4a transcript. There is limited information on
the biologic role of Oct4 pseudogenes. More importantly, it is unclear how
these pseudogenes affect the biology of the full-length transcript. Thus, it is
important to understand these pseudogenes since their biology could lead to a
better understanding of differentiation, cancer, and dedifferentiation to form
cancer stem cells. This brief report used in silico analyses to analyze Oct4 and
its pseudogenes. The implication for the findings on stem cells and cancer, as
well as other related genes, are discussed.
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Introduction

Octamer-binding transcription factor 4 (Oct4), also known as Oct3 or
POUS5F], is a transcription factor expressed in stem cells in adults, embry-
onic, and fetal tissues [1]. The role of Oct4 has been associated with
pluripotency, cell proliferation, and self-renewal of embryonic stem and germ
cells [1]. The literature indicates that Oct4 participates in the initiation and
progression of a growing number of malignancies such as germ-cell tumors,
bladder cancer, and liver cancer [1]. Furthermore, expression of Oct4 is
required for maintaining the self-renewal and survival of cancer stem-like
cells [1]. An area of research that requires significant attention involves non-
coding RNAs and their role with the pseudogenes to regulate Oct4 in stem
cells and cancers [1].

Pseudogenes comprise a class of non-coding RNAs, which are defined
as genomic elements that resemble the genes [1]. Typically, pseudogenes are
considered as non-functional genes or gene fragments due to their inability
to translate functional or full-length proteins [2]. Pseudogenes are origi-
nally derived from functional genes, but exhibit some degenerative features
such as inclusion of premature stop codons, deletions/inserts, or frameshift
mutations [1, 2]. Pseudogenes that originate from reverse transcription of
normal mRNA transcripts are labeled as processed pseudogenes and those
that result from gene duplication are called non-processed pseudogenes [2].
The evidence indicate that pseudogenes might be important in regulating
their originating genes [2]. Bioinformatics analyses have identified seven
Oct4 pseudogenes [2]. Since some cancers also express high levels of Oct4,
it is important for science to place greater consideration on Oct4 pseu-
dogenes to determine how they might be important in controlling various
cancers [3, 4].

Among the non-coding RNAs, micro RNAs (miRNAs) constitute an
evolutionarily conserved class of pleiotropic small RNAs that function as
a suppressor of gene expression post-transcriptionally [1]. miRNAs typi-
cally contribute to translational inhibition or mRNA degradation of large
amounts of genes through their sequence-specific interactions with the 3’-
untranslated regions (UTRs) of similar mRNA targets [1]. An miRNAs—Oct4
axis could be relevant to tumorigenesis [5]. This axis could be direct and
indirect, by miRNA regulating other molecules to maintain cancer stem cells
with high levels of Oct4 [6]. This short report provides informatic analyses
to describe Oct4 pseudogenes and their potential roles in medicine with
particular emphasis on cancer.
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Materials and Methods

Sequence Coverage and Identity

The basic local alignment search tool (BLAST) is a popular sequence anal-
ysis tool that could identify short matches between two sequences with
alignments from hot spots [7]. Several types of BLAST programs exist to
compare all combinations of nucleotide or protein queries with nucleotide
or protein databases [7]. Beyond the capability to performing alignments,
BLAST provides statistical information that contributes to deciphering the
biological significance of the alignment using an expect value or a false-
positive rate [7]. Known Oct4 transcripts and pseudogenes (Supplemental
Table 1) were aligned using default parameters on the National Center for
Biotechnology Information (NCBI) platform to identify their query coverage
and sequence identity relative to the parent Oct4a.

Sequence Alignment

A multiple sequence alignment program for proteins produces biologically
meaningful multiple sequence alignments of divergent sequences [8-10].
Cladograms or phylograms are available to view the evolutionary relation-
ships of a protein [8—10]. Known Oct4 transcripts and pseudogenes have been
aligned using default parameters on the European Bioinformatics Institute
(EBI) platform. Clustal Omega was used for local sequence alignment, and
Needle was used for global sequence alignment.

Exon Identification

Ensembl is a system that generates genomic datasets through a system that is
designed to analyze, store and distribute data, and interpret through open data
release from 87 species [11]. The database was queried for Oct4 transcripts
and pseudogenes to identify each sequence’s chromosomal loci and exon
positions.

Predicted miRNA Binding Identification

miRBase is a microRNA database used to predict microRNA-transcript bind-
ing. Each Oct4 transcript and pseudogene was queried for predicted miRNA
binding sites. Top miRNA hits for each sequence were compared to determine
whether the miRNA sequences may bind with other Oct4 sequences.
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MOTIF Conservation

MOTIF Search (https://www.genome.jp/tools/motif/) allows query-
ing of multiple sequences for conserved motifs. The Oct4 transcripts and
pseudogenes were queried using default parameters.

Results

Features of Oct4 Pseudogenes Relative to Oct4 Transcripts

Pseudogenes have been shown to regulate related full-length genes [2]. NCBI
BLAST compared different Oct4 pseudogenes with the full length Oct4
transcripts (Tables 1 and 2). The identified seven Oct4 pseudogenes showed
high sequence homologies (>90%) with the Oct4 gene (Tables 1 and 2). We
conducted multiple sequence alignment and global sequence alignments of
the Oct4 pseudogenes and the Oct4 gene using Clustal Omega and Needle,
respectively (Supplemental Tables S2 and S3a-g).

The Oct4 gene can generate at least three transcripts: Oct4a, Oct4b, and
Oct4bl [12]. The subsequent analyses focus on the Oct4a transcript due to its
role in pluripotency of healthy and cancer stem cells [12, 13]. Furthermore,
Oct4b does not seem to have a role in sustaining stem cell self-renewal,
although it might be able to respond to cell stresses [12].

Exons of Oct4 Pseudogenes and Oct4 Transcripts

The nucleotide sequences of Oct4-pgl, Oct4-pg3, and Oct4-pg4 were shown
to be similar to Oct4a transcript (POUSF1-001) (Table 1). Comparison of
Oct4a with the Oct4 pseudogenes identified five Oct4a exons within Oct4-
pgl, Octd4-pg3, and Oct4-pg4 [15]. Octd-pg5 transcript lacks Exon 1 and

Table 1 Oct4 pseudogenes relative to Oct4a

Pseudogene  Chromosome  Query cover to Octda (%)  Sequence identity to Oct4A (%)

Octd-pgl 8 85% 98%
Oct4-pg2 8 93% 80%
Oct4-pg3 12 100% 98%
Oct4-pg4 1 100% 97%
Oct4-pg5 10 100% 88%
Oct4-pgb 3 27% 83%
Oct4-pg7 3 No significant similarity found

The data were obtained from NCBI using BLAST [14].


https://www.genome.jp/tools/motif/
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Table 2 Pseudogenes relative to Oct4B and Oct4B1
Query cover  Sequence identity Query cover Sequence identity
Pseudogene  to Oct4B (%) to Oct4B (%) to Oct4B1 (%) to Oct4B1 (%)

Oct4-pgl 57% 98% 7% 99%
Oct4-pg2 80% 81% 10% 87%
Oct4-pg3 62% 99% 11% 98%
Oct4-pg4 62% 98% 11% 98%
Oct4-pg5 100% 88% 13% 95%
Oct4-pgb 27% 83% 4% 93%
Oct4-pg7 No significant similarity found No significant similarity found

The data were obtained from NCBI using BLAST [14].

Table 3 Exons of Oct4 pseudogenes

Exon(s);

Pseudogene  Chromosome  coding exon(s) Exon Ensembl ID
Oct4-pgl 8 2; 1 ENSE00001852952

ENSE00001814817
Oct4-pg2 8 1;0 ENSE00002116992
Oct4-pg3 12 1;0 ENSE00001717808
Oct4-pgd 1 150 ENSE00001646566
Oct4-pg5 10 1;0 ENSE00001694027
Oct4-pg6 3 3;0 ENSE00001892786

ENSE00001934799

ENSE00001930279
Oct4-pg7 3 150 ENSE00002087477

These data were obtained from Ensembl [11].

Oct4-pg7 lacks Exons 1 and Exon 4 as well as part of Exon 2; Oct4-pg2
has part of Exon 5, and OCT4-pg6 has the five exons incompletely [15].
Upon further investigation using Ensembl, the information regarding these
exons seem to show inconsistency (Tables 3 and 4, Figures 1 and 2). Inter-
estingly, Oct4-pgl, Oct4-pg3, and Oct4-pg4 may have the ability to generate
proteins [15]. In total, the analyses mostly show weak evidence for protein
expression by Oct4 pseudogenes.

Potential Interacting Sites of miRNA and Consensus Sequences

We employed a more stringent alignment with Oct4a that is linked to healthy
and cancer stem cells. We observed a significant alignment with pseudogenes
3-5 (Table S2). Since miRNA can suppress translation, we asked if these
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Table 4 Exons of POUSF1 (Oct4) transcripts

Name

Chromosome

Exon(s); coding exon(s)

Exon Ensembl ID

POUS5F1-001

POUS5F1-002

POUS5F1-003

POUSF1-004

POUSF1-005

POUS5F1-006

POUS5F1-007

POUS5F1-201

POUS5F1-202

6

55

4;3

2;0

5;3

3;3

5:3

54

6,4

5;4

ENSE00001834753
ENSE00003605759
ENSE00003631186
ENSE00003697734
ENSE00003736761
ENSE00002568331
ENSE00003606772
ENSE00003697734
ENSE00002055331
ENSE00001891266
ENSE00001843145
ENSE00002243764
ENSE00003566428
ENSE00003606772
ENSE00003697734
ENSE00003736761
ENSE00002033137
ENSE00003697734
ENSE00003702101
ENSE00002043181
ENSE00003566428
ENSE00003606772
ENSE00003697734
ENSE00003702101
ENSE00002043181
ENSE00003702358
ENSE00003631186
ENSE00003697734
ENSE00003745997
ENSE00003750435
ENSE00003730318
ENSE00003742006
ENSE00003713303
ENSE00003723189
ENSE00003744866
ENSE00003751524
ENSE00003702358
ENSE00003631186
ENSE00003697734
ENSE00003727125

The information was obtained from Ensembl [11].
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Figure 1 Exons of Oct4 pseudogenes. The diagram was developed with Ensembl [11].
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Figure 2 Exons of Oct4 transcripts. These data were obtained from Ensembl [11].

pseudogenes could sponge miRNA to prevent them from affecting Oct4a
translation. To this end, we analyzed the top miRNAs that could interact with
Oct4a and the pseudogenes (Figure 3). Although there were potential miRNA
interacting sites on the transcripts, there was no clear indication of the degree
of competition of the miRNA.
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Figure 3 Top aligned miRNA with Oct4A and pseudogenes.

Although this analysis did not examine the pseudogenes as potential
sponges for transcription factors, we examine them, along with Oct4a for
consensus sequences. The results showed several share sequences (Figure 4).
The relevance of the information is discussed below.
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Motif Symbol Motif Consensus
CAATTTGCCAAGCTCCTGAAGCAGAAGAGGATCACCCTGGGATATACACA
TTGCTGCAGAAGTGGGTGGAGGAAGCTGACAACAATGAAAATCTTCAGGA
CAAACGACCATCTGCCGCTTTGAGGCTCTGCAGCTTAGCTTCAAGAACAT
CCATTTTGGTACCCCAGGCTATGGGAGCCCTCACTTCACTGCACTGTACT
ATGCAAAGCAGAAACCCTCGTGCAGGCCCGAAAGAGAAAGCGAACCAGTA
AGGATTTTGAGGCTGCTGGGTCTCCTTTCTCAGGGGBACCAGTGTCCTTT
GCCCAGCAGCTTGGGCTCGAGAAGGATGTGGTCCGAGTGTGGTTCTGTAA
AACCTGGAGAATTTGTTCCTGCAGTGCCCGAAACCCACACTGCAGCAGAT
TTCCCCCTGTCTCCGTCACCACTCTGGGCTCTCCCATGCATTCAAACTGA
TGGGGCTCACCCTGGGGGTTCTATTTGGGAAGGTGTTCAGC
GCCAGAAGGGCAAGCRATCAAGCAGYGACTATGCACAACGA
ACATCAAAGCTCTGCAGAAAGAACTCGA

GBKGGGGGMWGGSGWRY TKKGGGCMWCWGGTTGGAGKGVRGSTRRWGYYC
GGWGSSGDGAAGCTRGRGAARGAGAASCTGGAGYWWRWSCCRGRGBWKT
CCTCGGTCCCTTTCCCTGAGGGGGAAGC
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Figure 4 Consensus sequences in Oct4a and pseudogenes.

Discussion

The Oct4 transcription factor plays a key role in maintaining stem cell
pluripotency [16]. The evidence indicated that, in addition to embryonic
and adult healthy stem cells, Oct4 is also relevant to cancer stem cell [13,
15]. The information on Oct4 would be improved with careful studies to
discern the full-length transcript with pseudogenes. This study will allow
for proper selection of primers to identify the various pseudogenes from
the full-length transcript. RT-PCR artifacts and misdetection of the Oct4A
isoform could be partly derived by the amplification of highly homologous
Oct4 pseudogenes at the transcript level. There is a possibility that Oct4
pseudogenes may have some functional activity at the transcript or protein
level in tumor cells and tissues [15]. In tumors, it is interesting that Oct4
pseudogenes expression seem to be differentially expressed, depending on
the tumor [15]. The full-length and pseudogenes of Oct4 could be important
to the biology of tumors.

The report identified a new layer of post-transcriptional regulation of
Oct4 [1]. The study reported on abnormal activation of Oct4-pg4 in hepa-
tocellular carcinoma. The expression level of Oct4-pg4 positively correlated
with Oct4. Furthermore, the authors found that Oct4 transcript can be directly
targeted by tumor-suppressive micro RNA-145 (miR-145) [1]. Downregu-
lation of Oct4-pg4 leads to an increased availability of miR-145 to bind
Oct4 transcript, resulting in decreased Oct4 protein [1]. Overexpression of
Oct4-pgd leads to decrease in free miR-145, leading to increase of Oct4
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protein [1]. Based on this, the authors premise that Oct4-pg4 functions as
a natural miRNA sponge to protect Oct4 translation [1]. Thus Oct4-pg4 is
implicated as having an oncogenic role in hepatocarcinogenesis as it can pro-
mote growth and tumorigenicity of hepatocellular carcinoma [1]. Researchers
have suggested a conserved miR-145 binding site for almost all of the Oct4
pseudogenes [15]. The wide expression of Oct4 pseudogenes in different
types of cancer may be associated with tumorigenesis when considering the
role of miR-145 in tumor suppression [15].

There are several shared consensus sequences of Oct4a and the pseudo-
genes (Figure 4). Although not addressed in this study, it would be interesting
to determine if those sequences can bind to miRNAs. Figure 3 shows potential
miRNA that could be used in functional studies to understand if indeed the
pseudogenes are indeed miRNA sponges, similar to circular RNA [17].

The Oct4 gene, although linked to stem cells, is involved in cancer
pathogenesis, including drug resistance and cancer stem cells [15, 18, 19].
Thus, it is important to further discuss how this report could impact studies
on tumorigenesis. Oct4 pseudogenes are differentially expressed in various
types of tumors cell types as well as in human pluripotent stem cells [15].

The evidence is unclear with respect to the ability of the pseudogenes to
be translated to protein. This study indicated that Oct4-pgl might produce
protein with little evidence of translation by the other pseudogenes. The
unanswered question regarding translation of the pseudogenes indicates a
more in-depth analysis of this function, as well as a potential sponging
effect, as reported for miR-145. This study also requires a function studies to
determine how the informatics analyses regulate Oct4 as well as other stem
cell genes such as Nanog [20].
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