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Abstract

OCT4 is a core transcription factor involved in pluripotency maintenance in the early mammalian 

embryo. The POU5F1 gene that encodes the OCT4 protein is highly conserved across species, 

suggesting conserved function. However, studies in several species including mice, cattle, and 

pigs, suggest that there are differences in where and when OCT4 is expressed. Specifically, in 

the horse, several studies have shown that exposure to the uterine environment may be necessary 

to induce OCT4 expression restriction to the inner cell mass (ICM) of the developing embryo, 

suggesting that there may be equine-specific extrinsic regulators of OCT4 expression that have 

not yet been investigated. However, an alternative hypothesis is that this restriction may not be 

evident in equine embryos because of our inability to culture them to the epiblast stage, preventing 

the observation of this restriction. In vitro studies have identified that OCT4 is expressed in the 

immature equine oocyte and in the early equine embryo, but OCT4 expression has not been 

studied after the formation of the ICM in the equine embryo. Despite the gaps in knowledge 

about equine-specific functions of OCT4, this factor has been used in studies assessing equine 

embryonic stem cells and to induce pluripotency in equine somatic cells. This review describes the 

role of OCT4 in the equine embryo and its applications in equine stem cell research.
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1. Introduction

Oct4, or octamer binding transcription factor 4, is a transcription factor that is highly 

expressed in early embryos. The octamer binding motif is a cis-acting regulatory element 

that is present in many different promoters and enhancers in the mammalian genome [1]. 

Members of the octamer binding transcription factor family bind to the octamer motif 

(5′-ATTTGCAT-3′) to modulate transcription [2]. When initially discovered, Oct3 and 4 

were identified as distinct proteins because they were expressed at different developmental 
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stages and in different murine tissues [1], but they have since been found to be isomers of 

the same gene, Pou5f1.

The Pou5f1 gene is in the Pou family of transcription factors. This family consists of three 

classes of transcription factors: pituitary-specific (Pit1), octamer binding, and Unc86 [3]. 

There are six identified classes of Pou transcription factors. Four of these classes evolved 

before the last common ancestor of animals, and thus, these genes are expressed throughout 

the animal kingdom [4]. However, the Pou5 class is evolutionarily unique to vertebrates [4].

In addition to being unique in vertebrates, this gene is also well conserved across species. 

In an investigation of protein sequence homology, it was reported that the cattle OCT4 

protein has a 90.6% sequence homology to its human ortholog and 81.7% homology to the 

mouse ortholog [5]. Through an NCBI protein BLAST alignment comparison, we found 

that the equine OCT4 protein has a 95.0% sequence similarity to the human protein, 94.4% 

similarity to the cattle protein, and 83.1% similarity to the murine protein. These findings 

suggest that the POU5F1 gene and OCT4 protein are well conserved across mammalian 

species, indicating that they likely play an important role in the developing equine embryo.

Functional studies of OCT4 have been performed using loss-of-function knockout 

approaches. This work was done in mice [6], humans [7] and cattle [8,9], but not equine 

embryos. Thus, most studies on OCT4 in equine cells have extrapolated its function from 

studies in other species. OCT4 has been used as a pluripotency marker and as a method to 

induce pluripotency in equine embryos, but not much is known about its specific function in 

horses.

1.1. OCT4 in the Immature Oocyte

In the mouse, Oct4 is expressed in the primordial germ cell (PGC) lineage of males and 

females and continues to be produced in the female germline, appearing in the unfertilized 

egg, but not in sperm or testis tissue [1]. Oct4’s presence in male PGCs and continued 

presence in oocytes suggests an important role for Oct4 in the germ cell lineage, helping 

to maintain the pluripotency of those cells [10]. In this regard, loss of Oct4 expression in 

PGCs leads to apoptosis, further indicating that Oct4 is essential for maintaining mammalian 

germ cells [11]. The OCT4 protein is present in the cytoplasm and nucleus of the immature 

equine oocyte (Figure 1), similar to its expression in the mouse [12]. Furthermore, OCT4 

expression has been identified in the PGCs of all species assessed to date, highlighting its 

vital role in maintaining pluripotency in that lineage.

1.2. OCT4 Expression in the Developing Embryo

Residual Oct4 expression from the oocyte is present in the early embryo until embryonic 

genome activation occurs. Initially, Oct4 transcripts are present in equal amounts in all 

blastomeres, but, as the embryo grows and differentiates, Oct4 expression decreases in the 

outer layer of cells, which will become the trophectoderm (TE), while Oct4 expression is 

maintained in the inner cell mass (ICM). It has been proposed that Oct4 is maintained 

in the ICM lineage to help retain the pluripotency of that lineage by regulating other 

pluripotency-associated genes [6,13]. In mice, this decrease in expression in the TE occurs at 

around four days post conception [14].
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Choi and coworkers [12] investigated the presence of OCT4 protein through 

immunofluorescence staining at difference stages of in vitro–produced equine embryos 

and found OCT4 protein abundance dropped from fertilization until about day five post 

fertilization, or about the 40-cell stage, presenting both nuclear and cytoplasmic localization 

(Figure 1). After day five, OCT4 protein levels increased again and were restricted to 

the nuclei of all blastomeres. Thus, these in vitro produced blastocysts presented similar 

levels of OCT4 protein in both ICM and TE cells. In contrast, in vivo–produced embryos 

showed higher intensity for OCT4 immunostaining in ICM cells than TE cells on day 

seven post fertilization, with complete restriction to the ICM in day ten blastocysts [12]. 

Additionally, RNA-seq expression profiling of in vivo–produced day eight equine embryos 

showed OCT4 mRNA present predominantly in the ICM with reduced levels in the TE 

[15]. Interestingly, in vitro–produced embryos transferred into a mare for 2–3 days showed 

differential expression of OCT4 like in vivo–produced embryos (Figure 2) [12]. The authors 

interpreted this finding as indicating a need for embryo uterine exposure to achieve ICM­

specific OCT4 expression. However, it is also likely that such restriction is only achieved 

after ten days of culture, which in vitro systems cannot effectively support.

While in the mouse, Oct4 is strictly confined to the ICM lineage from early stages of 

blastocyst formation [6], in other species, OCT4 has been detected in both the TE and 

ICM, with restriction to the ICM occurring at different times in different species. In horses, 

this happens at around day ten of development with the embryo still presenting blastocyst 

morphology [12]. In pigs, OCT4 only becomes restricted in the epiblast cells in posthatching 

embryos [16]. In cattle embryos, OCT4 is present in the TE and this residual presence 

in the TE lineage had been attributed to higher protein stability and inheritance from the 

morula stage, as in situ hybridization detected OCT4 mRNA restriction to the ICM. On the 

other hand, more sensitive qPCR methods have detected OCT4 mRNA in both the ICM and 

TE of bovine embryos, with significantly higher expression levels in the ICM. Regardless, 

it appears that across species OCT4 is restricted to the pluripotent lineage with reduced 

expression in the TE cells, suggesting that OCT4 presence is not sufficient for pluripotency 

but is required to maintain it.

1.2.1. OCT4 Expression and the Timing of Placentation—Based on their findings 

in murine, bovine, and porcine embryos, Kirchhof and colleagues [17] suggested that the 

decrease in OCT4 expression in the TE corresponds with the timing of placentation. In 

their study, they found that murine embryos had no Oct4 expression in the TE at day 

five, whereas bovine and porcine embryos still showed OCT4 expression in both the ICM 

and TE. However, this study only assessed bovine and porcine embryos at days five and 

eight post conception. The authors suggested that investigating porcine and bovine embryos 

closer to the time of their implantation could show that these embryos have the same 

pattern of expression as murine embryos [17]. But this hypothesis does not hold true for 

equine embryos. In horses, the decrease in OCT4 expression of in vivo produced blastocysts 

appears to occur around day ten [12] when placentation is not until day 40 [18]. As 

approximately 10% of equine pregnancies are lost by day 35 [19], more work into the 

specific functions of OCT4 in equine embryos could help better our understanding of early 

pregnancy loss.
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1.3. OCT4 in Late Embryonic Development

As the murine embryo continues to develop, Oct4 expression further restricts until it is 

only expressed in the epiblast [10]. Oct4 is initially expressed throughout the epiblast, 

but as gastrulation ensues, Oct4 expression is downregulated until it is only expressed in 

the posterior aspect of the murine epiblast [14]. Oct4 expression continues to decrease 

until expression is only detectable in the PGC lineage. In mice, this restriction occurs 

approximately 8.5 days post coitum [14]. Then, Oct4 expression is maintained in the PGCs 

until sexual differentiation occurs [10]. It is thought that Oct4 is expressed in this lineage 

to maintain the pluripotency of the germ cells. In contrast to all that is known about Oct4 

restriction in late murine embryonic development, the temporal and spatial expression of 

OCT4 after the formation of the ICM in equine embryos is unknown, so further studies are 

needed to provide clarity into the role of OCT4 in late equine embryonic development.

1.4. OCT4 as a Marker of Embryonic Development

As OCT4 is expressed in the early equine embryo, it has been used as a marker of 

embryonic development in several studies. For example, in a study on the effects of 

medium glucose concentration on equine embryo development, OCT4 staining was used 

to investigate the quality of the embryos [20]. OCT4 expression was also used as a marker 

to assess the developmental effects of aggregation, or co-culturing of multiple embryos, on 

cloned equine embryos [21]. This study identified that zona-free cloned embryos expressed 

OCT4 throughout the embryo in both the ICM and TE [21]. This finding could support 

the hypothesis that restriction of OCT4 to the ICM in the equine embryo is dependent 

on the uterine environment [12] or the hypothesis that the equine embryos require more 

time to reach the epiblast stage, which cannot be achieved in vitro. In mice, the formation 

of aggregates improved Oct4 expression in cloned embryos [22], but in the equine clonal 

aggregates, there was a decreased expression of OCT4 at day 16 in the trial with three 

zona-free reconstructed embryos in one culture [21]. This finding further suggests that there 

are regulatory differences in OCT4 expression between equine and murine embryos.

1.5. Functional Investigation of OCT4 Through Gene Knockout Experiments

To further study the regulatory functions of OCT4, OCT4 knockout (KO) embryos have 

been made for several species. This was first performed by Nichols and colleagues [6] 

with the creation of Oct4 null mice from homologous recombination in embryonic stem 

cells (ESCs). More recently, CRISPR-induced OCT4 knockouts have been made in human 

[7] and cattle [8,9] embryos, but no equine knockouts have been reported yet. KO studies 

highlight that OCT4 is vital for the formation of the ICM and the blastocyst, and for 

embryo survival. Additionally, knockouts are useful to identify the genes that are regulated 

by OCT4. However, these knockouts are limited as these embryos fail after the formation 

of the ICM, likely due to a lack of OCT4 and the genes it regulates. But, there are methods 

that can be used to bypass this embryonic lethality, such as the use of conditional knockouts, 

in which the gene is inactivated in a certain tissue, or the use of inducible knockouts, in 

which the gene is inactivated after a certain developmental point. For example, Kehler and 

coworkers [11] created a strain of conditional Oct4 knockout mice through the Cre/IoxP 
gene targeting approach to study the role of Oct4 in PGCs, a cell lineage that undergoes 
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apoptosis in the absence of Oct4. Thus, the creation of an equine OCT4 knockout would be 

a valuable way to assess the role of OCT4 in the early embryo and better understand the 

genes that it regulates and the creation of a conditional or inducible knockout would allow 

researchers to further study the role of OCT4 after formation of the blastocyst.

2. Regulation

2.1. Regulation of POU5F1 Expression

OCT4 is regulated by three upstream cis-acting elements. These include a proximal 

promoter, a proximal enhancer, and a distal enhancer. A comparative alignment analysis 

of these regulatory regions was performed in mice, humans, and cattle that identified four 

conserved regions (CR1 to 4; one in the proximal promoter, one in the proximal enhancer, 

and two in the distal enhancer) with 66–94% conservation between these species [23]. The 

four CRs were identified in the equine genome through a nucleotide BLAST search using 

the CR sequences identified by Nordhoff and colleagues [23]. This investigation found that 

the equine sequences share a high sequence similarity with the human and cattle CRs (Table 

1). Similar to the results of the study by Nordhoff and colleagues [23], the murine CRs 

showed less similarity to the equine sequence, but they did still show regions of homology 

with the equine sequence.

Subsequent studies have identified numerous transcription factors that bind to these four 

conserved regions. The most important are Sox2 (sex determining region Y box 2), Nanog, 

and Lrh1 (liver receptor homolog 1) [24]. Sox2 binds to CR4 to control transcription of Oct4 
[24]. Additionally, Sox2 acts to maintain the levels of Oct4 expression through upregulation 

of positive regulators of Oct4 expression and by downregulating negative regulators [25]. 

Nanog binds at CR2 to open the chromatin, organize the formation of a transcription factor 

complex, and respond to activation signals [24]. Lrh1 acts at CR1 to initiate transcription 

by preventing nucleosome formation in the region and to organize the formation of a 

transcription factor complex at this locus [24].

In addition to local mediators, DNA methylation and histone modifications play an 

important role in regulating gene expression. The role of DNA methylation in regulating 

Oct4 expression was assessed in murine cells, which demonstrated that the Pou5f1 gene is 

unmethylated during the blastocyst stage but becomes methylated at 6.5 days post coitum 

and remains that way in adult tissues [26]. This methylation event leads to a severe decrease 

in gene expression due to the inability of RNA polymerase to bind to the region. There have 

not yet been investigations into how histone modifications effect POU5F1 expression nor 

have there been any investigations on the regulation of OCT4 to date in equine embryos.

There are also several reported repressors of Oct4 expression. Caudal related homeobox 

2 (Cdx2) was found to repress Oct4 when it is overexpressed in mouse embryos [27]. It 

was also found that Coup-tf1 (chicken ovalbumin upstream promoter-transcription factor 1) 

binds to an Oct4-specific retinoic acid responsive element, modulating Oct4 expression [28]. 

Additionally, germ cell nuclear factor (Gcnf) was found to repress Oct4 expression directly 

through binding to the proximal promoter [29]. Again, the effects of these factors on OCT4 
expression have not been assessed in equine embryos.
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These studies show that there are several factors that play a role in regulating Oct4 
expression, but none of these studies have identified the trigger(s) for the decreased 

expression of Oct4 when cells differentiate. Additionally, the specific factors that trigger 

its initial expression in the developing embryo are not known. The identification of these 

triggers would better enable scientists to maintain the pluripotency of cells in culture and 

would increase our understanding of the embryonic regulators of differentiation.

2.2. Regulation by OCT4

Chromatin immunoprecipitation followed by sequencing (ChIP-Seq) analysis of human 

ESCs identified that OCT4 associates with the promoter regions of 3% of the known 

coding genes in the human genome [30]. Interestingly, OCT4 binds to its own promoter 

and to the promoters for SOX2, NANOG, CDX2, and many others. Additionally, about 

half of the promoters that OCT4 bound to were also bound by SOX2 [30], where they 

act synergistically to activate Oct-Sox enhancers [25]. These enhancers act to positively 

self-regulate Oct4 and Sox2 expression along with regulating the expression of other 

pluripotency-associated genes, like Nanog. Interestingly, this study found that Sox2 is not 

essential for Oct-Sox enhancer activity as Sox2 knockout cells still had some enhancer 

activity, suggesting that Oct4 is the essential factor in activating these enhancers [25]. 

However, the binding affinity of Oct4 to the Oct-Sox enhancers is increased in the presence 

of Sox2 as Sox2 binds to the DNA first and assists in Oct4 binding [31].

Interestingly, over 90% of the shared Oct4 and Sox2 binding sites were also bound by 

Nanog [30]. This finding was further supported by Loh and colleagues [32] who found a 

substantial overlap of Oct4 and Nanog binding targets. These studies have opened the door 

to investigating the regulatory role of Oct4 in the early embryo, but there are still many 

functions of Oct4 that are not well understood, such as if the targets for Oct4 regulation 

change over time as embryo development occurs.

2.3. Equine Regulation of and by OCT4

Overall, there is a lack of studies investigating how OCT4 is regulated or how OCT4 

regulates development in the equine embryo. A DNA methylation investigation in early 

equine embryos was performed, but the methylation patterns for the promoter region of 

OCT4 were not included in this investigation [33], which is unfortunate as this is the only 

study to date that has investigated the epigenetic regulation of the early equine embryo. 

As mentioned in section 2.2, Choi and coworkers [12] identified a difference in OCT4 

expression between in vitro– and in vivo– produced equine embryos that they attributed 

to the uterine environment, but no further work has been done to investigate the specific 

factor(s) in the equine uterine environment that would cause this difference. The regulation 

of this gene in the equine embryo has been assumed from experiments performed in mice, 

but the differences seen in embryo development and placentation suggest that there could 

be different mechanisms for the regulation of OCT4 and/or a different role for OCT4 in 

the equine embryo compared to the murine embryo. Thus, further work into the regulation 

and function of OCT4 in equine embryos is necessary to gain a better understanding of the 

equine-specific developmental process.

Hisey et al. Page 6

J Equine Vet Sci. Author manuscript; available in PMC 2021 November 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Stem Cell Applications of OCT4

Murine Oct4 knockout embryos fail to establish ESC lines [6], highlighting how important 

this transcription factor is in maintaining pluripotency, both in vivo and in culture. As OCT4 

appeared to play a role in the formation of ESCs, this gene was also investigated as a 

potential stem cell marker and indicator of pluripotency in equine cell lineages. Successful 

use of OCT4 as a marker led to its use to reprogram somatic cells into induced pluripotent 

stem cells (iPSCs).

3.1. OCT4 as an Embryonic Stem Cell Marker

To ascertain the pluripotency of cells in culture, markers needed to be established to 

distinguish pluripotent cells from differentiated cells. Pluripotent cells derived from mouse 

embryos express Oct4 in culture, suggesting that this gene could be a viable marker 

for pluripotency in mouse ESCs [6]. Additionally, mouse-derived ESCs present alkaline 

phosphatase activity and express stage-specific embryonic antigen 1 (Ssea1) [34,35]. Human 

ESCs were found to express SSEA3, SSEA4, tumor rejection antigen-1-60 (TRA-1-60), 

TRA-1-81, OCT4, and alkaline phosphatase, but not SSEA1 [36–38]. Based on these results, 

OCT4 and alkaline phosphatase had the potential to be universal markers for ESCs and 

could have importance in future studies of equine embryo biology.

Oct4 is required for the establishment of ESCs [6] and its expression level is critical 

for the maintenance of ESC characteristics in culture. A specific concentration of Oct4 

was determined in mouse ESCs as vital to maintaining the self-renewal and pluripotent 

characteristics of those cell lines [13]. It was further shown that a less than two-fold increase 

in Oct4 expression led the cells to differentiate into endoderm and mesoderm, whereas 

a decrease in Oct4 expression led to a loss of pluripotency and differentiation into TE. 

Thus, Niwa and coworkers [13] concluded that there is a specific concentration of Oct4 

that is required to sustain the cells in a pluripotent state and prevent cellular differentiation. 

These findings indicate that strict control of Oct4 concentration is essential to maintain the 

pluripotency of stem cells in culture.

Saito and colleagues [39] described the first attempt to isolate equine ESCs. These cells, 

derived from frozen blastocysts, expressed some of the same ESC markers as human and 

mouse cells, such as alkaline phosphatase and OCT4. But they found that the equine ES-like 

cells had an expression profile that was more similar to that of the mouse in that the embryos 

expressed SSEA1, but not SSEA3 or 4 [39]. A different study showed that equine ES-like 

cells also express TRA-1-60 and TRA-1-81 [40], which are present in human ESCs but not 

mouse ESCs. These findings suggest that early equine embryos have a unique expression 

profile, leading to potentially different phenotypic profiles from human and mouse embryos. 

Finally, Guest and Allen [41] found that OCT4 is the only marker shared across the ESCs 

of mice, humans, and horses. This finding suggests that OCT4 plays an essential role in 

maintaining pluripotency and the ability to self-renew across different species. However, 

none of these equine ES-like cells were capable of producing teratomas in immunodeficient 

mice [39,40], suggesting that they are not truly ESCs. This finding severely limits the 

conclusions that can be drawn regarding all the previously described putative ESC markers 

in the horse as they were described in lineages with questionable pluripotency.
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OCT4 is frequently used as a marker of pluripotency in other species and it has been used 

as a marker in equine studies as well. For example, the presence of OCT4 expression was 

investigated via RT-PCR and immunofluorescence in ES-like cells derived from embryos 

created from somatic nuclear transfer and parthenogenesis (embryos produced without 

fertilization with sperm) [42]. OCT4 was identified to be expressed in the ICM of these 

embryos, but it was also found to be expressed in the TE, which could be attributed to 

the lack of exposure to a uterine environment [12] or inability to culture embryos to the 

epiblast stage. This study highlights the potential problem of using OCT4 as a marker 

for pluripotency in equine embryos in culture as cells of the TE lineage, which are not 

pluripotent, express OCT4 as well.

3.2. Role of OCT4 in iPSCs

Takahashi and Yamanaka [43] were the first to implement the idea of induced pluripotency 

in mouse cells. In that study, the authors identified 24 candidate genes that could potentially 

be used to induce pluripotency when culturing mouse somatic cells. In initial cultures with 

single gene additions, pluripotency was not induced in any of the cells, but in a culture with 

all 24 gene products, pluripotency was induced. From there, the authors iteratively removed 

genes to determine which were essential for inducing pluripotency. Thus, they identified that 

four genes: Oct4, Sox2, Klf4, and c-Myc (referred to as OSKM or “Yamanaka Factors”) 

were essential to induce pluripotency [43].

After its use in numerous mouse and human stem cell studies, the Yamanaka method was 

tested in equine somatic cells to induce pluripotency. In 2011, Nagy and colleagues [44] 

induced pluripotency in equine fibroblasts using the piggybac transposon method to insert 

the OSKM genes. In addition to expressing the anticipated pluripotency markers, these cells 

also had the ability to form teratomas (the gold standard for pluripotency) with all three 

embryonic tissue layers being expressed in immunocompromised mice [44], suggesting that 

these cells were truly pluripotent in contrast to the earlier studies done to produce equine 

ES-like cells [39,40].

3.2.1. Therapeutic Applications of Equine iPSCs—Khodadadi and coworkers [45] 

investigated the potential to create equine iPSCs without the use of c-MYC. In their study, 

they induced pluripotency in equine fibroblasts through retroviral transduction with only 

OCT4, SOX2 and KLF4 with similar expression of pluripotency markers and ability to form 

teratomas as the iPSCs formed with the use of c-MYC. This gene was excluded because 

it has been identified as a proto-oncogene that is frequently expressed in immortalized 

tumor cell lines [46]. The authors hypothesized that the exclusion of this gene could lead to 

the formation of iPSCs that are less risky for use in autologous transplantation for equine 

cartilage and tendon injury repair [45].

In addition to tendon and cartilage repair, equine iPSCs have been studied for their 

therapeutic application for several other tissue types. For example, iPSCs were created from 

equine adipose-derived stem cells that, when transplanted into mice, were incorporated into 

injured muscle tissue and increased muscle regeneration [47]. Further research showed that 

these adipose-derived iPSCs, when induced to differentiate into mesenchymal stem cells 
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(MSC), could be used in horses to help treat various musculoskeletal diseases including 

fractures, arthritis, tendonitis, and osteochondritis [48]. In a recent study, pluripotency was 

induced in equine keratinocytes through a retroviral vector [49]. Through modification of 

growth conditions, the authors were able to generate cholinergic motor neurons, representing 

the first characterization of fully functional cells derived from equine iPSCs [49]. As these 

studies show, there is a variety of equine clinical conditions that could be treated using 

OCT4-stimulated iPSCs.

These equine studies all relied on transposon, retroviral, or lentiviral introduction of 

transgenes to induce pluripotency. Transgene integration into the genome poses a significant 

risk for iPSCs intended for clinical use as they lead to permanent genetic modifications 

that could affect endogenous gene expression or introduce mutations, potentially leading 

to the formation of tumors when implanted into an individual [50]. A way to decrease 

these risks and increase the therapeutic potential of equine iPSCs is through the creation 

of transgene-free iPSCs. This could be done using nonintegrating viral vectors or nonviral 

approaches, such as minicircle vectors or episomal vectors [50], but to date, no there have 

been no reports of the use of these alternative methods in equine cells.

3.3. The Use of OCT4 in Investigations of Adult Stem Cells

One unique investigation into the expression of equine OCT4 was performed on primary 

progenitor cells in the hoof wall [51]. This study aimed to culture these primary progenitor 

cells to further investigate their role in producing and maintaining deeper hoof tissues, thus 

investigating their ability to act as adult stem cells with regenerative capacity [51]. The 

authors subsequently identified the presence of OCT4 using RT-PCR [51], but this method 

does not assess the presence of the OCT4 protein. Detection of OCT4 mRNA does not 

necessitate the production of a functional protein, so, without clear nuclear presence of the 

OCT4 protein, it cannot be concluded that these cells are pluripotent.

A similar investigation was performed in which bone marrow–derived mesenchymal 

progenitor cells (MPCs) were assessed for the markers of pluripotency [33]. This study 

found that OCT4 was only detectable in iPSC lines and that, in MPCs, OCT4 expression 

was not statistically different from the expression in chondrocytes, a differentiated cell type, 

suggesting that the MPCs were not a pluripotent lineage in adult tissues [33]. Unlike the 

previous study, the absence of OCT4 mRNA does suggest that the OCT4 protein would be 

absent in these cells.

4. Conclusion and Future Directions

As shown here, there are many applications for which OCT4 can be used, and yet, there 

have been few studies on the specific function of OCT4 in equine embryos or cells. The few 

studies that have investigated gene expression in the early equine embryo have determined 

that the expression profile is different than the embryos of other species, but no additional 

work into those differences has been performed. The creation of an equine OCT4 knockout 

would allow for further investigation into the specific function of OCT4 in the early equine 

embryo. Additionally, the creation of an inducible or conditional knockout would allow 

for further study on the restriction of and the effects of OCT4 after the formation of the 
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ICM. However, there are few equine oocytes available for research, thus increasing the 

difficulty in performing knockout studies in equine embryos compared to other species, such 

as mice and cattle. Similarly, isolation of equine ESCs with in vivo pluripotency potential 

and/or additional work in creating transgene-free iPSCs could significantly advance our 

understanding of OCT4 in equine pluripotency.
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Fig. 1. 
OCT4 expression during in vitro equine embryo development. OCT4 expression is 

designated in green with shade demonstrating the amount of protein expressed. Blue 

coloring represents weak or no OCT4 staining. OCT4 is expressed in the nucleus and 

cytoplasm of the immature oocyte, but after metaphase II, OCT4 expression restricts to the 

oocyte cytoplasm [12]. After fertilization, OCT4 continues to be expressed in the nucleus 

and the cytoplasm of the blastomeres until approximately the 6-cell stage. Expression of 

OCT4 then decreases until it reaches its lowest point at approximately the 40-cell stage [12].
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Fig. 2. 
Comparison of OCT4 expression in in vitro produced and in vivo produced equine 

blastocysts. As the embryo develops into a blastocyst in vitro, OCT4 expression increases 

in the nuclei of all cells with no discernible expressional differences between the inner cell 

mass (ICM) and the trophectoderm (TE) [12]. On the other hand, in vivo conceived or in 
vitro produced embryos that are transferred into a mare and are subsequently recovered 

show OCT4 expression only in the nuclei of the ICM [12].
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