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Abstract
During the past ten years, remarkable progress has been made in understanding the transcriptional
mechanisms that control the biology of stem cells. Given the importance of stem cells in
development, regenerative medicine and cancer, it is no surprise that the pace of discovery
continues to accelerate – paradigm-shifting models proposed only a few years ago are quickly
giving way to even more sophisticated models of regulation. This review summarizes some of the
major advances made in delineating the roles of two transcription factors, Sox2 and Oct-3/4, in
stem cell biology. Additionally, unanswered questions related to their mechanisms of action are
discussed. When viewed together, it is evident that Sox2 and Oct-3/4 exhibit the major properties
expected of master regulators. They are each essential for mammalian development, they help
regulate the transcription of other genes that are essential for development, and they influence
their own transcription by both positive and negative feedback loops. Moreover, small changes in
the levels of either Sox2 or Oct-3/4 trigger the differentiation of embryonic stem (ES) cells. Thus,
each functions as a molecular rheostat to control the self-renewal and pluripotency of ES cells.
Overall, understanding how Sox2 and Oct-3/4 function mechanistically will not only provide
important insights into stem cells in general, but should also have a significant impact on our
understanding of induced pluripotent stem cells, and, hence, the emerging field of regenerative
medicine.
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Introduction
Two transcription factor families, namely the Sox and the Octamer protein binding families,
have taken center stage in our efforts to understand how the self-renewal and differentiation
of stem cells are controlled. Members of the octamer protein binding family were first
identified by virtue of their binding to an eight base pair DNA motif found within the
regulatory regions of many genes. Each family member contains a bipartite POU domain
(~150 to 160 amino acids), which is responsible for DNA binding. POU domains are highly
conserved within the superfamily of POU transcription factors, which are represented by
their prototypic members Pit-1, Oct-1 and Unc-86. Although Oct-1 is ubiquitously
expressed, Oct-3/4 (also designated Oct-3, Oct4 and Pou5f1) has become the most widely
studied octamer binding protein, because it is almost exclusively found in stem cells during
development and in a growing list of tumors (1–3). Moreover, only two years ago Oct-3/4
was identified as one of four transcription factors required for the generation of induced
pluripotent stem (iPS) cells (4). More recently, other combinations of transcription factors
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have been used to reprogram somatic cells to a pluripotent stem cell state (5–8). However,
each combination included Oct-3/4 and one other transcription factor, Sox2; the only
exception being cells that endogenously express one of these transcription factors, such as
neural stem cells (9,10).

Like octamer binding proteins, the function of Sox proteins (SRY-related box proteins)
during development has also been extensively studied over the past 10 years. In mammals,
the Sox family of transcription factors comprises approximately 20 members (11). Sox
proteins share highly conserved DNA binding domains of ~80 amino acids. These domains
are referred to as HMG box domains, because of their sequence similarity to the DNA
binding domains found in the superfamily of High Mobility Group DNA binding proteins.
Since the cloning of the prototypic member of the Sox family, SRY (sex-determining region
Y), the Sox family has been shown to play key roles during virtually all stages of
mammalian development (11). During the past several years, Sox2 has been one of the most
actively studied Sox proteins. As noted above, Sox2, like Oct-3/4, is required for the
generation of iPS cells. Moreover, Sox2 and Oct-3/4 have each been shown by gene
inactivation studies to be essential for mammalian development (12,13). Inactivation of the
Sox2 gene or the Oct-3/4 gene results in embryonic lethality during the peri-implantation
stage of development. In another parallel with Oct-3/4, knockdown of either Oct-3/4 or Sox2
in ES cells promotes their differentiation into trophectoderm-like cells (14,15). Thus,
Oct-3/4 and Sox2 are both essential for the self-renewal and pluripotency of ES cells. In yet
another parallel with Oct-3/4, expression of Sox2 is being reported in an expanding list of
cancers (16,17).

In view of the importance of understanding how self-renewal and pluripotency of stem cells
are controlled at the transcriptional level, this review focuses on Sox2 and Oct-3/4.
Specifically, it discusses three main topics: 1) the evidence for a critical partnership between
Sox2 and Oct-3/4, 2) the possible redundancy of Sox proteins in pluripotent stem cells, and
3) the need for both positive and negative feedback loops to control the expression levels of
master regulators, such as Sox2 and Oct-3/4, in stem cells. In an effort to avoid an over
lengthy discussion, this review does not address likely structural interactions between Sox2
and Oct-3/4, which were predicted by molecular modeling using X-ray crystallographic and
nuclear magnetic resonance data generated from Sox2/Oct-1/DNA ternary complexes
(18,19). In addition, this review does not address the interplay of Sox2 and Oct-3/4 with
another master regulator, Nanog. Nor does this review address the rapidly expanding field of
ES cell epigenetics. Readers interested in the latter two topics are referred to several
excellent reviews (20–24).

Sox2 Partners with Oct-3/4
In the early 1990s, the FGF-4 gene became a model for deciphering how genes are regulated
during embryogenesis and for determining how Sox2 and Oct-3/4 function in stem cells.
This story began to unfold with the discovery that the FGF-4 gene contains a powerful
enhancer located in the last exon of the gene (25). Soon thereafter, it was determined that
Oct-3/4 could stimulate the promoter of the FGF-4 gene in F9 embryonal carcinoma (EC)
cells by binding to a POU motif embedded within the FGF-4 enhancer (26). In 1995, this
finding was complemented by the discovery that Oct-3/4 could act synergistically with a
newly identified transcription factor, Sox2, and that these two factors, working in
conjunction with one another, were likely to be essential for FGF-4 expression (27).
Analysis of the FGF-4 enhancer identified closely spaced binding sites for Sox2 (an HMG
motif) and Oct-3/4 (a POU motif), which together were eventually dubbed an HMG/POU
cassette (28). The partnership between Sox2 and Oct-3/4 was initially shown in HeLa cells
by determining that they could synergistically activate a heterologous promoter/reporter
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gene construct that contained multiple copies of the binding sites for Sox2 and Oct-3/4
found in the FGF-4 enhancer. Over the next several years, a wide range of experimental
approaches generated increasing confidence in the conclusion that Sox2 and Oct-3/4 acted
similarly on the FGF-4 gene in EC cells and ES cells.

The earliest evidence supporting the direct roles of Sox2 and Oct-3/4 in the regulation of the
FGF-4 gene was derived from studies showing that several different heterologous promoter/
reporter gene constructs containing HMG/POU cassettes were highly active in EC cells and
ES cells, as well as in HeLa cells (27,29). Moreover, the activities of these promoter/reporter
gene constructs were drastically reduced after EC and ES cells differentiated and the
expression of Sox2 and Oct-3/4 was extinguished (25,26). Additionally, promoter/reporter
gene constructs containing both the FGF-4 promoter and the FGF-4 enhancer were also
found to be heavily dependent on the presence of the HMG/POU cassette. Disruption of the
HMG/POU cassette reduced FGF-4 promoter activity to near background levels (27,29).
Furthermore, the activity of an FGF-4 transgene during embryogenesis was found to be
highly dependent on the presence of the FGF-4 enhancer, which contained the HMG/POU
cassette (30). Other studies employed gel electromobility shift analysis to show that Sox2
and Oct-3/4 could bind cooperatively to a DNA probe containing the sequence of the HMG/
POU cassette found in the FGF-4 enhancer (27,31). In addition, chromatin
immunoprecipitation (ChIP) analyses demonstrated that Sox2 could bind to the FGF-4
enhancer in EC and ES cells (32,33). Together, these studies led to the generally accepted
belief that expression of the FGF-4 gene in stem cells of the early embryo is heavily
dependent on the direct action of Sox2 and Oct-3/4. However, as discussed below, recent
studies suggest that a more complex regulatory model, involving Sox protein redundancy,
must now be considered.

Work with the FGF-4 gene took on far greater interest with the discovery that other genes,
including the regulatory regions of the Sox2 and the Oct-3/4 genes themselves, contain
HMG/POU cassettes. As in the case of FGF-4 promoter/reporter gene constructs, the HMG/
POU cassette present in Sox2 promoter/reporter gene constructs and in Oct-3/4 promoter/
reporter gene constructs was found to be essential for promoter activity in each case.
Disruption of their HMG/POU cassettes led to strong reduction in the activities of Sox2 and
Oct-3/4 promoters in ES cells and also EC cells (15,34–36). The role of Sox2 and Oct-3/4 in
the regulation of their own genes was bolstered strongly by ChIP studies showing that the
regulatory regions, which contain their HMG/POU cassettes, are bound by both Sox2 and
Oct-3/4 in ES cells (15). Again, the functions of the HMG/POU cassettes in the regulatory
regions of these genes were found to be virtually eliminated when the expression of Sox2
and Oct-3/4 turns off as ES cells and EC cells differentiate. In combination, these findings
laid the foundation for the hypothesis that Sox2 and Oct-3/4 control the expression of a
network of genes required for embryogenesis and for the self-renewal and pluripotency of
ES cells. More specifically, these findings supported a model in which Sox2 and Oct-3/4
work together cooperatively to regulate their own transcription by a positive feedback loop,
while simultaneously working together to drive the transcription of essential downstream
target genes, such as FGF-4, UTF1 and Nanog, which, like Sox2 and Oct-3/4, each contain
an essential HMG/POU cassette (Figure 1).

Sox2 and Oct-3/4 cooperatively regulate large gene regulatory networks
Excitement surrounding the critical roles of Sox2 and Oct-3/4 in stem cells grew
dramatically after the initial ChIP-chip and ChIP-PET analyses were performed on human
and mouse ES cells (37,38). [These technologies employ chromatin immunoprecipitation
followed either by partial sequencing of the immunopreciptiated DNA (ChIP-PET), or
hybridization of the immunoprecipitated DNA to a microarray platform containing genomic
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DNA sequences (ChIP-chip).] The ChIP-chip study by Boyer et al. determined that Sox2
and Oct-3/4 co-occupy several hundred genes, a large percentage of which are expressed in
ES cells (37). As in the case of earlier work, the importance of Sox2 and Oct-3/4 in the
regulation of these genes was consistent with the finding that the vast majority of the genes
co-occupied by Sox2 and Oct-3/4 and expressed in ES cells turn off at the RNA level when
ES cells differentiate, presumably because Sox2 and Oct-3/4 expression is extinguished.

The ChIP-chip and ChIP-PET studies revealed several unexpected findings. The inital ChIP-
PET study examined genome-wide binding of Oct-3/4 in mouse ES cells, and used
bioinformatics to generate a consensus sequence for Oct-3/4 binding sites throughout the
genome (38). Remarkably, the genomic regions bound by Oct-3/4 were found to contain
DNA sequences that closely matched the consensus sequence for HMG/POU cassettes,
which had been derived by comparing the HMG/POU cassettes found in a small set of genes
reported to be regulated by Sox2 and Oct-3/4 (Figure 2). Subsequently, virtually the same
consensus sequence was generated by bioinformatic analysis of ChIP-PET data from
genome-wide binding of Sox2 in mouse ES cells (39). Thus, Sox2 and Oct-3/4 do not
merely co-occupy a large number of genes, but in a high percentage of cases, they are bound
to regions of DNA that contain adjacent binding sites for Sox2 and Oct-3/4. Additionally, a
ChIP-reChIP study involving sequential Oct-3/4 and Sox2 ChIP determined that these two
transcription factors are bound simultaneously to at least six different genes in mouse ES
cells (38). In a separate study, in which in silico analysis was used to examine 50 of the
genes identified in the Boyer et al. study, nearly three-fourths were found to possess
sequences that match HMG/POU cassettes, and six of the seven cassettes examined in an in
vivo based transcriptional assay were found to be functional (40).

The ChIP-chip study by Boyer et al. led to another important insight (37). It established that
Sox2 and Oct-3/4, in fact, co-occupy two classes of genes – those that are expressed in ES
cells and a second class of genes that are only expressed after ES cells undergo
differentiation. The co-occupancy of the second class of genes by Sox2 and Oct-3/4 does not
appear to be a simple coincidence. Surprisingly, this class of genes is highly enriched in
genes coding for transcription factors that play key developmental roles (37). This finding
raised a new set of puzzling questions regarding the roles of Sox2 and Oct-3/4 in stem cells.
In particular, do Sox2 and Oct-3/4 contribute in any way to the silencing of the second class
of genes in ES cells, e.g. by helping to recruit repressive transcriptional machinery, such as
polycomb repressor complex-2 (41,42), and, if so, how? Alternatively, do Sox2 and Oct-3/4
contribute to the expression of those genes that turn on rapidly when ES cells differentiate?
Despite the new set of unanswered questions, these studies led to an expanded model to
explain the coordinate regulation of a large set of genes that play prominent roles in self-
renewal and pluripotency of ES cells (37). On the one hand, it was proposed that Sox2 and
Oct-3/4 can activate the expression of a battery of genes, including their own genes, that are
required for the self-renewal and pluripotency of ES cells. On the other hand, Sox2 and
Oct-3/4 are also bound to genes that must remain silent in ES cells, yet are ready to be
activated quickly in order to contribute to the rapid pace of cell differentiation and
specification during mammalian development (Figure 3).

Sox protein redundancy in ES cells
A recent study by Masui et al. raised an additional set of questions and argued for a more
complex regulatory model for Sox2 and Oct-3/4. Specifically, their work raised the
possibility that Sox2 may not be the only Sox family member that partners with Oct-3/4 to
regulate gene expression in ES cells. Using ChIP analysis, these workers demonstrated that
several genes that possess HMG/POU cassettes, including the FGF-4 and Oct-3/4 genes, are
bound by Sox4, Sox11, and Sox15, as well as by Sox2 (33). This suggested that some level
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of redundancy may exist between the four Sox proteins in ES cells. However, although all
four Sox proteins are able to activate promoters driven by enhancers that contain HMG/POU
cassettes when ectopically expressed in HeLa cells (33,43), only Sox2 has been found to be
essential for the self-renewal of ES cells. Thus far, knockout and knockdown studies argue
that Sox4, Sox11 and Sox15 are not essential for the self-renewal of ES cells or for the early
stages of mammalian development (33,44–46). Thus, unlike Sox2 which is clearly essential
for the self-renewal of ES cells (15), the roles played by Sox4, Sox11 and Sox15 in these
cells, and their redundancy with Sox2, remain open questions. However, it is unlikely that
each of these Sox proteins cooperates with Oct-3/4 to the same degree in ES cells (43,44).

The study by Masui et al. also generated a more nuanced model for the critical roles of Sox2
in the self-renewal of ES cells. As noted earlier, knockdown of Sox2 in ES cells will
normally trigger their differentiation. However, Masui et al. demonstrated that if the level of
Oct-3/4 was maintained in these cells (with the aid of a transgene), one can rescue both the
ability of these cells to self-renew as well as their ability to differentiate into cells derived
from each of the three embryonic germ layers under appropriate conditions (33). Thus, these
workers proposed that the primary role of Sox2 in ES cells is to maintain the proper levels of
Oct-3/4, and further argued that Sox2 contributes to Oct-3/4 transcription both directly and
indirectly. Their model argues that Sox2 regulates Oct-3/4 transcription indirectly by both
up-regulating Nr5a2, which is able to activate Oct-3/4 expression (at least at the epiblast
stage), and by down-regulating Nr2f2, which serves to repress Oct-3/4 transcription. On the
other hand, Sox2 (as well as Sox4, Sox11 and/or Sox15) can directly activate Oct-3/4
expression and a large set of genes, by binding, along with Oct-3/4, to their HMG/POU
cassettes (Figure 4). Again, many questions surround this model. The most obvious being,
do Oct-3/4 and other members of the Sox protein family actually work cooperatively in ES
cells? For example, would a ChIP-reChIP study demonstrate that Oct-3/4 and Sox proteins
other than Sox2 bind to the same gene simultaneously in ES cells? Moreover, would the
overexpression of Nr5a2 and the knockdown of Nr2f2 rescue the self-renewal of ES cells in
which Sox2 had been knocked down?

Oct-3/4 and Sox2 function as molecular rheostats in ES cells
In 2000, Niwa et al. demonstrated that small changes in the levels of Oct-3/4 promote the
differentiation of ES cells, and that the cell types formed were heavily influenced by the
expression levels of Oct-3/4 (14). Specifically, reductions in the levels of Oct-3/4 promote
the differentiation of ES cells into trophectoderm-like cells, whereas a small increase in
Oct-3/4 levels (<2-fold) promotes their differentiation into cells that exhibit the markers for
extraembryonic endoderm and mesoderm. This elegant study indicated that master
regulators, such as Oct-3/4, must be regulated precisely in order to maintain the self-renewal
of ES cells. Equally important, this work raised an intriguing set of questions when it was
discovered in 2005 that the Oct-3/4 gene can be regulated by an enhancer that binds Sox2
and Oct-3/4 in ES cells (15). Specifically, if Sox2 and Oct-3/4 work together by a positive
feedback loop to regulate Oct-3/4 expression, does a negative feedback loop exist to ensure
the proper expression of Oct-3/4? In addition, does this negative feedback loop involve
Sox2, and must the levels of Sox2 also be regulated precisely in ES cells? Both questions
have been addressed over the past few years.

The first evidence for a negative regulatory loop surfaced with the finding that
overexpression of Sox2, but not Oct-3/4, inhibited the activity of FGF-4 promoter/reporter
gene constructs in EC cells (47). This finding was subsequently extended to the Sox2
promoter itself, as well as to the promoters for Oct-3/4, Nanog and UTF1 genes in EC cells
and in ES cells (47,48). In both EC and ES cells, Sox2 overexpression strongly inhibited
promoter/reporter gene constructs for all 5 genes (including FGF-4), and this inhibition was
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mediated by the HMG/POU cassette present in their promoter/reporter gene constructs.
Importantly, in EC cells, Sox2 overexpression was also shown to inhibit the endogenous
expression of the same five genes. Somewhat unexpectedly, the general inhibitory effect
observed with Sox2 was not observed with Oct-3/4. Although Oct-3/4 overexpression
appears to inhibit its own promoter and the Nanog promoter, it does not appear to inhibit the
promoters of other genes inhibited by Sox2, in particular the Sox2 or FGF-4 promoters
(48,49). Thus, Sox2 overexpression appears to exert an overarching inhibiting effect over
Oct-3/4:Sox2 target genes (Figure 5). This finding led to the hypothesis that overexpression
of Sox2 in ES cells would trigger their differentiation.

To test the hypothesis that elevating Sox2 levels in ES cells would promote their
differentiation, mouse ES cells were engineered for inducible overexpression of Flag-tagged
Sox2. Using this model system, small increases in the levels of Sox2 (2-fold or less) were
found to lead to rapid differentiation of ES cells into cells that express markers for
neuroectoderm, mesoderm and trophectoderm (50). This contrasts with the formation
primarily of trophectoderm when Sox2 is knocked down in ES cells (15) and differs from
the cell types formed when Oct-3/4 is overexpressed in ES cells (14). As expected,
overexpression of Sox2 in ES cells reduced the endogenous expression of several Sox:Oct
target genes, including Nanog, FGF-4, UTF1 and the endogenous Sox2 gene itself.
Remarkably, the expression of these genes at the RNA level was reduced within three hours
after Flag-Sox2 protein was first detected (50). Hence, Sox2 overexpression acts rapidly to
alter gene expression and bring about the differentiation of ES cells.

It is evident from these findings that Sox2 and Oct-3/4 both behave as molecular rheostats in
the control of ES cell self-renewal and pluripotency. However, the mechanisms involved are
far from clear. When these factors drop below a critical level, especially in the case of
Oct-3/4, this may trigger the differentiation of ES cells into trophectoderm due to the action
of the transcription factor Cdx2. Cdx2 can promote the differentiation of ES cells along the
trophectoderm lineage, but its action in ES cells appears to be blocked by direct interaction
with Oct-3/4 (51). [Recently, it has been reported that the knockdown of Oct-3/4 induces the
formation of cells that express endoderm markers (e.g. GATA6), as well as cells that express
trophectoderm markers (52). However, the predominant differentiated cell type formed
during the knockdown of Oct-3/4 appears to be trophectoderm.] A different set of
mechanisms, or at the very least a different set of genes, must exist for triggering
differentiation when Sox2 and Oct-3/4 are knocked down, as opposed to when they
overexpressed, because their over and under expression promote very different spectra of
differentiated cells (Figure 6). Moreover, the mechanisms by which Oct-3/4 and Sox2
overexpression promote ES cell differentiation must also differ from one another, because
their overexpression promotes the formation of different cell types. In the case of Oct-3/4
overexpression, cells expressing endodermal and mesodermal markers appear (14).
However, in the case of Sox2 overexpression, cells expressing endodermal markers do not
form (Figure 6) (50). Interestingly, one important clue exists regarding the action of Sox2 –
the transactivation domain of Sox2 is required for its inhibitory activity (47,48). This has led
to speculation that as the levels of Sox2 rise, Sox2 may begin to sequester one or more
essential co-activators into incomplete complexes (“a squelching mechanism”) that are
unable to transcribe genes required for the self-renewal of ES cells (48).

Conclusions and Future Perspectives
Research during the past 10 years has shown that Sox2 and Oct-3/4 exhibit at least four
major properties expected of master regulators: 1) they are each essential for mammalian
development, 2) they help regulate the transcription of other genes that are essential for
development, 3) they influence their own transcription by both positive and negative
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feedback loops, and 4) they function as molecular rheostats in the control of the self-renewal
and pluripotency of ES cells. This last property of master regulators often appears to be
largely unappreciated. The fact that Sox2 and Oct-3/4 can function as molecular rheostats
raises the intriguing possibility that increases, as well as decreases, in their expression
directly influence stem cell differentiation during embryogenesis. Even if this proves not to
be the case, it is reasonable to speculate that the levels of these two transcription factors are
likely to heavily influence the efficiency of generating iPS cells. Not only should one expect
that the correct levels of Sox2 and Oct-3/4 need to be achieved in iPS cells once generated,
but that the levels of these two transcription factors during the reprogramming stage itself
are likely to influence the overall efficiency of generating iPS cells. In this and other regards
(e.g. Sox protein redundancy), issues discussed in this review pertain equally well to ES
cells and iPS cells.

It is evident that significant progress has been made in understanding how Sox2 and Oct-3/4
influence stem cells. However, the mechanisms by which these two transcription factors act
are poorly understood. In this connection, too little is known about the transcriptional
machinery used by these two transcription factors to regulate gene expression. Aside from
studies that have implicated the co-activator p300 in mediating the effects of Sox2 and
Oct-3/4 (32) and recent studies examining chromatin modifying repressive complexes
associated with Oct-3/4 and Nanog (53,54), the roles of specific co-activators and/or co-
repressors in the action of these Sox2 and Oct-3/4 transcription factors remain largely
unknown. Clearly, comprehensive proteomic analyses of the nuclear proteins with which
Sox2 and Oct-3/4 interact would be an important step in understanding how they function
mechanistically. In particular, a comprehensive proteomic study would help us understand
how small changes in the levels of Sox2 and Oct-3/4 enable them to function as molecular
rheostats. Overall, when viewed in the larger context of stem cell biology, understanding
how Sox2 and Oct-3/4 function mechanistically will not only provide important insights into
stem cells in general, but also could be very helpful in developing protocols that vastly
improve the efficiency of generating iPS cells, including their development without the aid
of viruses. This would have a very significant impact on the emerging field of regenerative
medicine.
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Figure 1.
Sox2:Oct-3/4 partnership. Sox2 and Oct-3/4 work together cooperatively to regulate their
own transcription and the transcription of a large set of downstream target genes in EC and
ES cells.
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Figure 2.
Consensus sequence for HMG/POU Cassettes. A consensus sequence for HMG/POU
cassettes derived by comparing the HMG/POU sequences of six Oct-3/4:Sox2 target genes
(FGF-4, Sox2, Oct-3/4, Nanog, Fbx15, and UTF1). The triangle represents possible inserts
of up to 3 base pairs between the HMG and POU motifs. For example, the FGF-4 gene
contains a 3 base pair insert between its HMG and POU motifs. For the remaining 5 genes,
their HMG and POU motifs are directly adjacent to one another.
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Figure 3.
An expanded model for the regulation of Oct-3/4:Sox2 target genes. Sox2 and Oct-3/4 work
together cooperatively to regulate their own transcription and the transcription of a large set
of downstream target genes. This includes genes expressed in ES cells and those not
expressed in ES cells.
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Figure 4.
Sox protein redundancy and the regulation of Oct-3/4:Sox target genes. Oct-3/4 is proposed
to work in conjunction with Sox2, as well as Sox4, Sox11 and Sox15, in ES cells to regulate
the transcription of the Oct-3/4 and Sox2 genes as well as the transcription of a large set of
downstream target genes. Sox2 is also proposed to indirectly regulate the transcription of the
Oct-3/4 gene by upregulating Nr5a2 and downregulating Nr2f2, which are positive and
negative regulators of the Oct-3/4 gene, respectively. As indicated by the dotted lines, it
remains to be determined whether Sox4, Sox11 or Sox15 influence the expression of the
Oct-3/4 and Sox2 genes.
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Figure 5.
Elevating the expression of Sox2 reduces the expression of genes required for the self-
renewal of ES cells. Elevating the levels of Sox2 in EC and ES cells reduces the expression
of the Oct-3/4 gene and the expression of downstream Sox:Oct target genes, such as FGF-4,
Nanog and UTF1. As indicated by the dotted lines, it is unclear whether Oct-3/4 continues to
positively influence the expression of Oct-3/4:Sox2 target genes when Sox2 is
overexpressed.
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Figure 6.
Oct-3/4 and Sox2 function as molecular rheostats. Increasing or decreasing the levels of
either Sox2 or Oct-3/4 in ES cells promotes their differentiation. However, the spectra of
cell types that form vary. The cell types formed were determined by markers expressed in
the differentiated cell populations. TE: trophectoderm, Endo: Endoderm, Meso: Mesoderm,
Ecto: Ectoderm.
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