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Abstract

Embryonic stem (ES) cells, like all cell types, are defined by their unique transcriptional
signatures. The ability of ES cells to self-renew or exit the pluripotent state and enter
differentiation requires extensive changes in their transcriptome and epigenome. Remarkably,
transcriptional programs governing each cell fate must remain sufficiently malleable so that
expression of only a handful of transcriptional activators can override the pre-existing state by
collaborating with an unexpectedly elaborate collection of coactivators to specify, restrict and
stabilize the new state. Here, we discuss recent advances in our understanding of how the same
coactivator can interpret multiple lines of information encoded by different activators and
integrate signals from diverse regulators into stem cell-specific transcriptional outputs.
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Functional interplay between activators and coactivators in embryonic
stem cells

Embryonic stem (ES) cells are highly specialized cells with an unmatched ability to
faithfully propagate themselves indefinitely (self-renewal) while retaining the capacity to
undergo differentiation to generate every cell type in the body (pluripotency). During these
processes, concerted, sweeping changes that involve the degradation, synthesis, and
reorganization of transcription factors and their cofactors must occur to direct the rapid
reprogramming of gene expression networks, remodeling and stabilization of the new
transcriptional landscape.

The expression of only a handful of sequence-specific DNA-binding transcription factors is
restricted to the pluripotent state (e.g. Oct4 and Nanog), while the majority of transcription
factors that have been implicated in stem cell maintenance are expressed in many other cell
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types (e.g. Sox2, KIf4, c-Myc, Smads and Stats). How do ES cells utilize a limited number
of cell type-specific transcription factors to define a stem cell-specific transcriptional
signature? Although the combinatorial assembly of transcription factors directed by Oct4 on
gene promoters offers some level of specificity [1, 2], their ability to recruit a wide array of
cofactors adds to the necessary breadth and flexibility in their transcriptional repertoire to
accommodate a wide range of transcriptional responses in ES cells.

Transcriptional cofactors are a large class of loosely grouped protein and multisubunit
protein complexes that regulate gene expression through diverse mechanisms. Oct4 and
Sox2 recruit histone modifiers (e.g. p300/CBP [3] and the Wdr5/trithorax complex [4]) and
chromatin remodelers (e.g. esBAF [5]) to ensure active loci are maintained. Independent of
chromatin, they also cooperate with multisubunit Mediator [6], TAFS/TFIID [7], and,
unexpectedly, the nucleotide excision repair (NER) complex containing XPC, RAD23B and
Centrin 2 (SCC [7]) to execute stem cell-specific transcriptional programs (Glossary and
Figure 1).

It is worth noting though, that many, if not all, of these cofactors are also involved in
transcriptional activation in cell types other than ES cells. Therefore, the challenge is how
this expansive but rather universal set of coregulators can coordinate diverse transcriptional
outputs that must be precisely tuned in a cell type-specific manner. The multisubunit nature
of many of these cofactors and variations in the subunit composition provide unique contact
surfaces for select transcription factors. The ability of cofactors (e.g. Mediator) to adopt
distinct conformations induced by different activators permits specific activator-dependent
readouts sensed by the transcription apparatus [8]. Furthermore, multisubunit coactivator
complexes are often made up of functional submodules that allow them to participate in
various facets of transcriptional regulation, and in some cases, processes beyond
transcription. In ES cells, for example, using a DNA repair complex as a transcriptional
coactivator for Oct4 and Sox2 represents yet another strategy to further diversify their
transcriptional repertoire by coordinating with other cellular processes.

In this review, we will focus on the roles of TAFs, Mediator, and the XPC/SCC complex in
stem cell-specific gene activation. Although they represent only a slice of the known
transcriptional network in ES cells, they serve to highlight a recurring theme in cell type-
specific transcriptional control: functional diversity, structural flexibility and compositional
changes lend coactivators the unprecedented ability to interact and coordinate with a wide
array of transcription factors and cofactors to execute stem cell-specific gene regulatory
programs (Figure 2).

The recruitment of transcription factor TFIID to protein-coding gene promoters represents a
defining step in the ordered assembly of the general transcription factors (GTFs) into a
functional preinitiation complex (PIC) that culminates in transcription initiation [9] (Figure
1). TFIID is a multiprotein complex comprising the TATA binding protein (TBP) and 13-14
TBP-associated factors (TAFs). TAFs are an eclectic collection of proteins that possess
enzymatic activity, recognize core promoter elements, anchor TFIID to nucleosomes, and
function as transcriptional coactivators [9-11]. Given the multitude of essential protein-
protein and protein-DNA transactions that TFIID mediates, the composition of TFIID has
traditionally been thought to be invariant. However, with the discovery of tissue-specific
TAFs, TAF paralogs, and TBP-related factors (TRFs) comes the appreciation that TFIID is
just as capable as any other coactivators for imparting gene selectivity and functional
flexibility to the PIC [9, 12] (Figure 2a).
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TFIID levels tend to be elevated in highly proliferative cell types (e.g. cancer cells and ES
cells) and are down-regulated in terminally differentiated cells (e.g. muscle and adult
hepatocytes) [9, 13]. This is consistent with the observation that transcription of cell cycle
genes often requires TFIID [14]. Therefore, it is difficult at times to decipher the role of
TAFs in ES cells, that is, to separate stem cell-specific functions of TAFs/TFIID from their
general role in proliferation. Nevertheless, several unbiased genome-wide RNA interference
(RNAI) screens identified multiple TAFs as important regulators of Oct4 expression in both
human (TAF2, 7, and 12 [15]) and mouse (TAF1, 5, 6L, 10, 11 and 12 [6]) ES cells. We
surmise that the partial depletion of TAFs by RNAI retains enough intact TAFS/TFIID to
sustain transcription of housekeeping genes but falls below a critical threshold level to
support the transcription of Oct4 and other ES cell genes. It remains possible that certain
TAFs can function as coactivators for stem cell-specific activators (e.g. Oct4, Sox2 and
Nanog) to activate ES cell genes. Indeed, TAF1 and TBP were identified in a proteomic
study as Oct4-associated proteins [16]. Furthermore, Oct4/Sox2-dependent activation of the
Nanog gene in vitro requires TAFS/TFIID, whereas purified TBP alone failed to substitute
for TFIID [7]. Since TFIID and most of the GTFs used in our transcription assays were
purified from HeLa cells, it is unlikely that Oct4 and Sox2 require an ES cell-specific
TAF(s) or component(s) in the general transcription machinery to support Nanog
transcription. However, a full Oct4/Sox2-dependent activation requires at least two
additional coactivator activities derived from ES cells [7], one of which, XPC/SCC, will be
discussed in detail later in this review. Although it doesn’t appear that a cell type-restricted
cofactor is required to activate ES cell genes, transcriptional specificity can be achieved
through the combinatorial assembly of cofactors and activators that are highly enriched in
ES cells (e.g. TAFs/TFIID, XPC/SCC, Oct4 and Sox2).

There is growing evidence that TAFs may function beyond transcription initiation. For
example, TAF7 has been implicated in transcriptional elongation control by association with
transcription elongation factors TFIIH and P-TEFb [17]. Although still controversial,
TAF12 has been shown to promote DNA demethylation at ribosomal RNA genes by
recruiting the DNA damage inducible protein Gadd45a [18]. Recently, we reported an
unexpected role for TAF3 in mediating long distance enhancer-promoter DNA interaction in
mouse ES cells [19]. Even though TAF3 is selectively enriched in ES cells (but not in a
variety of other highly proliferative cell types such as C2C12 cells), knockdown (KD) of
TAF3 has minimal effect on the expression of pluripotency genes. However, a striking
defect in the gene expression program specifying endodermal lineage was observed in TAF3
KD ES cells upon differentiation into embryoid bodies /n vitro and teratoma formation /in
vivo. Genome-wide studies on TAF3 binding sites revealed a significant overlap with those
of CTCF-cohesin, a complex with a well documented role in mediating long distance DNA
looping and enhancer insulation [20]. TAF3 directly interacts with CTCF and is required to
establish proper DNA looping around the Mapk3locus, a key signaling inducer for
endoderm differentiation, by bridging a distal enhancer to the core promoter [19] (Figure
2b).

An outstanding question is what drives TAF3 to search, select and isolate a subset of
enhancers for looping during a highly dynamic process like ES cell differentiation. The PHD
domain of TAF3 can direct TFIID to actively transcribing and developmentally-poised gene
promoters through specific interaction with H3K4 trimethylated (H3K4me3) histones [21,
22]. However, this alone cannot account for the selective defect in endoderm specification
observed in TAF3 KD ES cells, as H3K4me3 marks are also present in ‘poised’ ectodermal
and mesodermal genes [21]. We hypothesize that TAF3 in TFIID may interact with
endoderm-specific activators (e.g. GATAA4) at distal enhancers and promote DNA looping
through formation of a higher order protein ensemble containing TAF3-CTCF-cohesin.
Although none of these proteins alone contains the necessary information to carry out ES
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cell-specific function, the multiple contacts between lineage-specific activators, TAF3,
CTCF and cohesin may act as ‘check points’ to ensure activation of the right gene at the
right time (Figure 2b).

The Mediator complex exemplifies the versatility and adaptability coactivators must possess
in order to coordinate a full range of transcriptional programs and integrate them into a
functional biological response. The 30 or so subunits in Mediator endow this megadalton
protein complex with the ability to interact with a wide array of transcriptional activators
and RNA polymerase Il (Pol I1) and to mediate the synergistic response by these activators
[8]. The MED26 subunit of Mediator has been shown to function as a docking site for both
TFIID and transcriptional elongation factors and is thought to act as a molecular sling to
facilitate promoter escape of Pol Il and its entrance into productive elongation [23]. In the
context of chromatin, Mediator collaborates with TAFs/TFIID and PBAF to overcome the
transcriptional block imposed by nucleosomes and to generate a robust activator-dependent
transcriptional response [24, 25]. Recent studies have identified expanded roles for Mediator
in alternative splicing [26] as well as in termination of transcription [27]. Given the
generality of Mediator action in transcription, it has been proposed that Mediator should be
considered as part of the general transcription machinery [8].

The critical role of Mediator in mouse ES cell transcription was revealed in an RNAI screen
for candidates required for the proper expression of Oct4[6]. Although this may not come as
a surprise considering Mediator’s general function in transcription, what was unanticipated
was the ability of Mediator to directly interact with the cohesin complex, thereby stabilizing
long distance enhancer-promoter DNA interactions at ES cell genes. Intriguingly, Mediator
occupies only a subset of cohesin-bound sites that contain the cohesin loading factor Nipbl
but are largely devoid of CTCF. This may indicate a gene-selective function of Mediator in
directing the activation of ES cell genes. The recent finding that TAF3 cooperates with
cohesin-CTCF to form long distance chromatin loops to control the expression of early
developmental genes (but not pluripotency genes, i.e. Oct4, Sox2and Nanog) during ES cell
differentiation [19] underscores how starkly different transcriptional outcomes can be
achieved through assembly of distinct protein ensembles (e.g. Mediator-cohesin-Nipbl
versus TAF3-cohesin-CTCF) that mediate surprisingly similar processes (i.e. DNA looping).

It is worth pointing out that Mediator-dependent DNA looping is not unique to ES cells [6].
MED1 has been shown to facilitate chromatin loop formation during nuclear receptor-
activated transcription [28, 29]. Extensive colocalization between Mediator and cohesin was
also observed in mouse embryonic fibroblasts (MEFs) and adult thymocytes [30]. However,
comparison of Mediator and cohesin bound sites in ES cells and MEFs revealed only a
limited overlap of their targets [6]. These observations suggest that Mediator plays an
integral part, in conjunction with cell type-specific activators, in forming functional long
distance DNA loops in a cell type-specific manner.

In addition to acting as a molecular adaptor linking activators to the general transcription
machinery and enhancers to gene promoters, Mediator also functions as a molecular hub
onto which various signaling pathways relevant to ES cell maintenance and homeostasis
converge. For example, the CDK8/cyclin C kinase submodule helps recruit B-catenin, a key
player in the Wnt signaling cascade, to its target genes (e.g. c-Myc) [31] and antagonizes the
repressive function of E2F1 on p-catenin-dependent transcription [32]. CDK8 can also
impact BMP and TGFp pathways by activating Smad proteins through phosphorylation at
the linker region [33]. In addition, the Mediator tail subunit MED15, through interaction
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with the nucleocytoplasmic shuttling/transcriptional regulator TAZ (WWTR1), specifically
recruits Smad2/3-4 complexes, but not Smad1-4, to TGFp response elements [34].

Perhaps a testament to the multifunctional nature of Mediator in transcription, myriad
cofactors not mentioned in this review (histone acetyltransferase p300 [35], chromatin
remodeler Chd1 [36], elongation factor Paf1C [37] and many more) have also been reported
to interact with Mediator in ES cells. Accordingly, disruption of these factors often results in
spontaneous differentiation and/or skewed developmental potential. How all these fit
together to generate a cell type- and gene-specific transcriptional response is less well
understood. Perhaps the many activator-induced conformations adopted by Mediator can
uniquely orient Mediator with respect to other transcription factors assembled on a gene
promoter. This may allow Mediator to selectively present (or obscure) one or more of its
submodules (head, middle, tail and kinase) to effect downstream events in transcription in an
activator-dependent manner, while enabling crosstalk with various cell signaling pathways
to establish a cell type-specific transcriptional signature (Figure 2c).

Interactome studies of Oct4 and Sox2 revealed an extended network of protein-protein
interactions [16, 38—40]. With these extensive data sets comes the difficulty of sorting out
functionally relevant interactors that are required for Oct4 and Sox2 to activate transcription.
Compounding this challenge is that many functional coactivator-activator interactions are
often weak and transient. Using an unbiased and defined /n vitro transcription assay to
systematically screen for factors that are required for Oct4 and Sox2 to activate the
transcription of NManog, we unexpectedly identified the XPC/SCC complex as an Oct4/Sox2
coactivator in ES cells [7]. Consistent with our in vitro results, XPC/SCC binds Oct4 and
Sox2 and co-occupies the majority of their target genes in mouse ES cells. Surprising as it
may seem, these data underscore the ability of Oct4 and Sox2 to recruit a wide range of
multisubunit and multifunctional protein complexes to establish a transcriptional network
that can crosstalk with other cellular processes to generate a coordinated biological response.
It has been shown that ES cells are particularly sensitive to DNA damage induced by UV as
they undergo rapid differentiation followed by apoptosis [41]. This is due in part to the
activation of a p53-dependent DNA damage response that coordinately represses key
pluripotency genes while activating those that promote differentiation [42-44]. Given the
unique position of XPC/SCC in both transcriptional activation and DNA repair in ES cells,
the XPC/SCC complex may also serve as a nexus between the DNA damage response and
the transcriptional machinery at gene promoters (Figure 2d). Perturbation of the Oct4/Sox2
transcriptional circuitries by redirecting XPC/SCC from transcription duties to damaged
DNA sites could provide an efficient sensing mechanism to eliminate damaged ES cells by
destabilizing the stem cell-specific gene regulatory network.

Although best known as an initiator of global genome-NER pathway, XPC/SCC has also
been shown to play a role in base excision repair (BER) by activating DNA glycosylases
that excise damaged DNA bases [45]. In mammals, BER is also thought to be one of the
major DNA demethylation pathways from which deaminated (5mC to T) or highly oxidized
derivatives of methylated cytosine (5mC to 5hmC/5fC/5caC) can be recognized by DNA
glycosylases as “damaged” bases and subsequently removed [46]. Consistent with the notion
that XPC/SCC regulates DNA demethylation, the global DNA methylation level was
dramatically increased in XPC-depleted HeLa cells [47]. DNA methylation and
demethylation are essential for the proper execution of differentiation programs in ES cells
as well as the reacquisition of a pluripotent state during somatic cell reprogramming [48].
Aberrant DNA methylation/demethylation or 5mC/5hmC turnover in XPC/SCC-depleted
MEFs may therefore partially account for the strong block in induced pluripotent stem (iPS)
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cell derivation [7]. More controversial is the proposed role of NER factors including XPC in
recruiting Gadd45a to aid DNA demethylation at gene promoters [47]. Regardless of the
exact mechanism, XPC/SCC is likely to participate in various aspects of transcriptional
control in ES cells that includes regulating DNA methylation homeostasis genome-wide or
at gene promoters.

Further highlighting the multifunctional nature of XPC/SCC, the RAD23B subunit of the
XPC/SCC complex is an unusual protein with independent domains that interact with the
proteasome and ubiquitinated proteins. It chaperones ubiquitinated substrates to the
proteasome for degradation [49], and in some instances, protects proteins like XPC from
proteolysis [50, 51]. The recruitment of RAD23B/SCC by Oct4 and Sox2 to enhancers and
gene promoters in ES cells [7] may permit XPC/SCC to modulate transcription through
regulating transcription factor turnover. This is consistent with the observation in yeast that
Rad23 deletion affects transcription of many genes [52]. Since the proteasome itself has also
been implicated in transcriptional elongation control [53, 54], SCC may impact transcription
at multiple steps by acting as a classical transcriptional coactivator, a regulator of DNA
methylation and possibly by recruiting the proteasome to regulate protein turnover and
transcriptional elongation.

Concluding remarks

Most, if not all, of the cofactors discussed here are utilized by a variety of cell types (ES
cells or not) to regulate the expression of a large number of genes. It is therefore somewhat
perplexing that disruption of these cofactors in ES cells seems to preferentially affect
pluripotency gene expression without severely impacting the transcription of genes
important for housekeeping and cell viability. Although this may in part be due to the nature
of the experiments (partial knockdown vs. knockout), it does highlight potential differences
in the mechanisms governing the transcription of pluripotency genes (e.g. Oct4 and Nanog)
versus housekeeping genes (e.g. Gapdhand B-actin). We surmise that the many transcription
factors and cofactors required to activate Oct4and Nanog, for example, allow transcription
to occur rapidly and over a large dynamic range [55]. This is particularly important in ES
cells as many of the key pluripotency and lineage specification genes must be turned on and
off or precisely tuned in a developmental stage-specific manner. The expression of
housekeeping genes, on the other hand, is largely sustained at some basal level and not as
dynamically regulated, which may explain why their levels tend to be less reliant on cofactor
abundance [56-58].

We showed that XPC/SCC-depleted MEFs failed to be fully reprogrammed to a pluripotent
state [7]. The role of TAFs and Mediator in this process remains less clear. Given that the
transcriptome of iPS cells closely resembles that of bona fide ES cells, it is likely that
similar gene regulatory mechanisms govern both cell types. Indeed, a partially purified
protein fraction enriched in BAFs and TAFs is competent for reprogramming [59]. Although
ectopic expression of several BAF subunits in MEFs has been shown to facilitate somatic
cell reprogramming, the role of TAFs, if any, in iPS cell derivation remains an open
question.

Although this review primarily focused on coactivators, it is not our intention to de-
emphasize the profound influence cell-type specific transcriptional activators have on cell
fate choice. The reacquisition of pluripotency in differentiated cell types by ectopic
expression of only a handful of transcription factors (e.g. Oct4, Sox2, KIf4 and c-Myc [60]),
and the ability of ‘master’ regulators like Oct4 and MyoD to ‘hijack’ other sequence-specific
transcription factors (e.g. Smad proteins) to their respective cognate binding sites [2] and to
directly convert fibroblasts to a variety of functional differentiated cell types [61-65],
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underscore the ability of sequence-specific DNA binding transcription factors to build basic
frameworks for cell type-specific transcriptional programs. However, execution of such
drastic reorganization and stabilization of the transcriptional landscape also requires an
unexpectedly diverse list of coactivators, corepressors, and epigenetic regulators.
Furthermore, the potential role of non-coding RNASs in transcription implicates even more
complex regulatory networks involving protein-protein and protein-nucleic acid-mediated
gene control mechanisms [66, 67]. The emerging picture reveals an elaborate mechanism of
gene regulation with no single protein or protein complex standing out as more important
than the rest as they appear to be physically and functionally intertwined.
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Glossary

General
transcription
factors

Sequence-specific
transcription factor

Transcriptional
cofactor

Transcriptional
coactivator

Transcriptional
COr epr essor

Histone modifier

Chromatin
remodeler

PHD finger domain
(Plant Homeo
Domain)

an evolutionarily conserved set of protein or protein complexes
(TFIA, B, D, E, F and H) that, together with RNA polymerase II,
form the preinitiation complex (PIC) that is responsible for the
transcription of virtually all eukaryotic mRNA and miRNA genes

protein that recognizes and binds specific DNA maotif in the
promoter and/or enhancer region of a given gene, and can mediate
gene activation or repression

protein or protein complex that mediates transcriptional activation
or repression via interaction with general and/or sequence-specific
transcription factors

a transcriptional cofactor that enhances transcription of a target
gene

a transcriptional cofactor that represses transcription of a target
gene

protein or protein complex that deposits or removes post-
translational modifications on histone cores and/or tails. Known
modifications of histones include methylation, acetylation,
phosphorylation, ubiquitination, SUMOQylation, citrullination,
glycosylation, propionylation, butyrylation, proline c/s-trans
isomerization, ADP-ribosylation, and proteolysis

ATP-dependent protein complexes that disrupt and reform
histone-DNA contacts to facilitate nucleosome shifting along a
piece of DNA, re-orient DNA around histone octamers, position
nucleosomes on the DNA, and/or exchange histones

zinc-coordinating domain of 50-80 amino acids that anchors
PHD-containing proteins to unmodified or various forms of
modified lysines on histone H3 tail (H3K4me3, H3K9me3,
H3K4me0)
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Figure 1.

Multi-step activation model of an Oct4/Sox2-target gene in embryonic stem cells. The
transcription apparatus is assembled on an Oct4/Sox2-target gene promoter in a spatially and
temporally regulated manner to initiate gene expression. The stepwise assembly is depicted
here in the order proposed in [68]. (1) ‘Orchestration’: sequence-specific transcription
factors, Oct4 and Sox2, bind to both the proximal (PE) and distal (DE) enhancers. (2)
‘Access’: Chromatin remodelers and histone modifying enzymes such as histone
acetyltransferases (HATS) and histone methyltransferases (HMTSs) act coordinately to
remodel chromatin around the gene loci by altering nucleosome positioning and histone
modifications. This allows access of other transcription factors and cofactors to the gene
promoter. (3) ‘Initiation’: Preinitiation complex (PIC) and various coactivators (e.g. TAFs/
TFIID, Mediator and SCC) are assembled onto the core promoter via interaction with
activators bound on PE and DE (e.g. TAFs-Oct4/Sox2 or SCC-Oct4/Sox2), promoter DNA
elements (e.g. TBP-TATA), and modified nucleosomes (e.g. TAF3-H3K4me3). DNA
looping by cohesin and Mediator can further stabilize the long range enhancer-promoter
DNA interaction. (4) ‘Elongation’: phosphorylation of the C-terminal domain (CTD) of the
largest subunit of RNA polymerase Il (Pol I1) by TFIIH facilitates promoter escape while
subsequent phosphorylation by P-TEFb stimulates the transition of Pol Il into productive
elongation.
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Figure2.

Mechanisms of cell type-specific transcriptional activation by coactivators. (a) Prototypic
TFID purified from HelLa cells is composed of the TATA-binding protein (TBP) and 13-14
TBP-associated factors (TAFs). Canonical TAFs are replaced with gonad-selective TAFs in
both male and female germ cells. TAF7 is substituted with its paralog TAF7L in
spermatocytes while TAF4 is replaced with TAF4B in granulosa cells of the ovary. Genetic
inactivation of TAF7L and TAF4B in mice led to sterility. Incorporation of non-canonical
TAFs like TAF7L and TAF4B in TFIID may provide unique contact surfaces for germ cell-
specific transcription factors to mediate transcriptional activation [9]. (b) In mouse
embryonic stem (ES) cells, the combinatorial assembly of TAF3, CTCF (CCCTC-binding
factor), cohesin and presumably an endoderm lineage-specific TF (yellow) permits selective
long distance enhancer-promoter DNA interaction (via DE1 but not DE?2) that leads to
activation of the Mapk3 (mitogen-activated kinase 3) locus and endoderm commitment
during ES cell differentiation. (c) Binding of transcription factors (TFs) to Mediator induces
conformational changes that convert Mediator from an inactive, closed conformation to an
open, transcriptionally competent one, which in turns, facilitates additional contacts with
other TFs occupied at the proximal (PE) or distal (DE) enhancers as well as the general
transcription machinery (general transcription factors, GTFs, and RNA polymerase |1, Pol
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I1) assembled on a gene promoter (TATA). The modular nature of Mediator provides unique
contact surfaces for diverse TFs. In the hypothetical example depicted above, recruitment of
Mediator to the DE of Gene A by TF1 via the middle module causes a conformational
change in Mediator that exposes unique, TF1-dependent interacting surfaces for Pol 11 and
PE-bound TF3. On the other hand, activation of Gene B involves the binding of TF2 to
Mediator tail at PE. TF2-induced conformation change in Mediator exposes new docking
sites for another coactivator (“4”) and the general transcription machinery [69]. (d) In ES
cells, the Xpc-Rad23b-Cetn2 complex (SCC) functions both as a coactivator for Oct4 and
Sox2 at the Nanog gene, and as an initiator of global genome-nucleotide excision repair
(GG-NER) by binding to specific DNA lesion and recruiting other NER factors (Xpa, Rpa,
TFIIH, Xpg and Xpf-Erccl). SCC may function to couple stem cell-specific transcription
with genome surveillance.
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