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Abstract

Mediator is a conserved, multi-subunit macromolecular machine divided structurally into head,
middle, and tail modules, along with a transiently associating kinase module. Mediator functions
as an integrator of transcriptional regulatory activity by interacting with DNA-bound transcription
factors and with RNA polymerase 11 (Pol I1) to both activate and repress gene expression.
Mediator has been shown to affect multiple steps in transcription, including chromatin looping
between enhancers and promoters, pre-initiation complex formation, transcriptional elongation,
and mRNA splicing. Individual Mediator subunits participate in regulation of gene expression by
the estrogen and androgen receptors and are altered in a number of endocrine cancers, including
breast and prostate cancer. In addition to its role in genomic signaling, MED12 has been
implicated in non-genomic signaling by interacting with and activating TGF-beta receptor 2 in the
cytoplasm. Recent structural studies have revealed extensive inter-domain interactions and
complex architecture of the Mediator-Pol 11 complex, suggesting that Mediator is capable of
reorganizing its conformation and composition to fit cellular needs. We propose that alterations in
Mediator subunit expression that occur in various cancers could impact the organization and
function of Mediator, resulting in changes in gene expression that promote malignancy. A better
understanding of the role of Mediator in cancer could reveal new approaches to the diagnosis and
treatment of Mediator-dependent endocrine cancers, especially in settings of therapy resistance.
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1 Mediator: An Overview

The mediator complex, also known as Mediator, is a multi-subunit protein complex that is a
critical regulator of RNA polymerase 11 (Pol I1) activity [1, 2]. Mediator is conserved from
yeast to human, with human Mediator comprising 33 subunits and associated factors (Table
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1) [3]. Structural studies have divided Mediator into three main modules — head, middle, and
tail — along with a dissociable kinase module [1, 3]. Mediator plays myriad roles in both
positive and negative control of transcription, from regulating pre-initiation complex (PIC)
formation and elongation to chromosome looping and mRNA splicing [2, 3]. Mediator also
contributes to important physiological processes, and its dysregulation has been implicated
in many disorders, including multiple cancers [2, 3].l

Mediator acts as a conduit between the promoter and enhancer by communicating regulatory
signals from DNA-bound transcription factors to Pol Il. The head and middle modules
contact Pol Il at the promoter, providing a scaffold to promote its recruitment and stability
for contact with general transcription factors, while the tail module interacts with specific
transcription factors occupying enhancers [1, 4, 5]. The kinase module, which has been
implicated in both positive and negative regulation of gene transcription, was recently shown
to occupy enhancers, with its dissociation from the rest of Mediator occurring with the
formation of the PIC [6, 7].

Some Mediator subunits have been described as “essential” for general transcription (and
hence viability in yeast cells), without which Mediator falls apart or is transcriptionally
inactive. MED17, part of the head module, is essential for viability in yeast, with the head
and middle modules unable to stably associate in its absence [8]. In yeast, MED14, which
was originally proposed as part of the middle module, has in fact been found to act as a
scaffold to bridge all three modules and enable conformational changes to support Pol Il
activity, making MED14 a key part of Mediator (Figure 1A) [1, 4].

Recent cryo-electron microscopy maps of Mediator from yeast (S. cerevisiae and S. pombe),
in which Mediator subunits are individually resolved, revealed extensive interactions
between the head and middle modules via MED14 (Figure 1A) [1, 9]. Mediator-Pol 11
holoenzyme complexes also revealed that MED14 facilitated large-scale Mediator
rearrangement required for proper Mediator-Pol Il interactions. This work also showed high-
affinity binding of Mediator for the unphosphorylated C-terminal domain (CTD) tail of Pol
I1; it was proposed that the contacts between Mediator and the CTD of Pol Il bring Pol 11 to
the promoter, with phosphorylation of the CTD by TFIIK resulting in the release of
Mediator and enabling Pol Il promoter escape (Figure 1B) [1]. The structural data supports
the idea that the Mediator-CTD-Pol Il interactions are occluded by the kinase module. The
implications of the elegant structural analysis of the Mediator-Pol Il -PIC have been recently
reviewed [10]. Consistent with such a key structural element, reconstituted human Mediator
lacking MED14 cannot promote basal or transcription factor-induced transcription [11].
MED26 was also found to be essential for Pol 11 recruitment. However, it was proposed that
MED26, rather than acting like MED14 to promote structural integrity, instead enabled
transcription by counteracting negative co-factors, such as the transcriptional repressor DR1
[11].

LAbbreviations: ARGLUL - Arginine And Glutamate Rich 1; CBFA2T3 -CBFA2/RUNX1 Translocation Partner 3; CCAR1 - Cell
Division Cycle And Apoptosis Regulator 1; DR1 - Down-Regulator Of Transcription 1; HEB - Transcription Factor 12 (TCF 12);
PELP1 - Proline, Glutamate And Leucine Rich Protein 1; MED - Mediator; REST - RE1 Silencing Transcription Factor; SAGA - Spt-
Ada-Gcen5 Acetyltransferase; UBE2C - Ubiquitin Conjugating Enzyme E2 C
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However, it is not completely clear which subunits are “essential” in human cells. In one
study MED26 was proposed as a non-essential subunit, because its deletion in HeLa cells
did not affect the structural integrity of Mediator [12]. Furthermore, although combined
deletion of MED26 and MED19 specifically affected genes controlled by the transcription
factor REST, deletion of MED26 by itself did not have an effect [12]. Interestingly, the
combined deletion resulted in the de-repression of REST target genes, highlighting the role
of mediator subunits in repression of gene expression, as well as activation [12]. Indeed, in
one study the deletion of MED19 in yeast resulted in increased transcript levels, as did
deletion of kinase module subunits. The deletion of other subunits, such as MED20 (head)
and MED31 (middle), resulted in decreased transcript levels [13]. This suggests a potential
negative transcriptional regulatory role for MED19, which may be responsible for
transmitting repressive signals from the kinase module to the middle module [13].

In contrast to “essential” subunits like MED14, there are some subunits that have
consistently been shown to be dispensable for general Mediator function. In yeast, for
example, it was demonstrated that deletion of individual tail subunits, such as MED3 or
MED15, did not affect viability. However, individual subunit deletions did result in moderate
changes in the expression of SAGA-dependent genes [14]. This is consistent with the role of
tail subunits in controlling the expression of particular subsets of genes through interaction
with specific transcription factors. Interestingly, however, combinatorial deletion of MED3
and MED15 strongly affected SAGA-dependent gene expression and moderately reduced
growth, suggesting at least some redundancy in subunit function [14].

To make for an even more complex picture, not only can some subunits compensate for
others upon their deletion, but it also appears that Mediator can exist as heterogeneous
“subcomplexes,” rather than as a strictly complete complex with every subunit present [2,
11, 15]. Some subunits can be added or taken out to regulate its function, and various
subcomplexes that lack certain subunits have been isolated [11, 15, 16]. These subcomplexes
are intact and deficient only in regulating transcription of specific genes, much like the
MED?3/15-less Mediator in the study by Ansari, et al [11, 14-16]. In that case, Mediator
lacking MED3 or MED3 and MED15 specifically affected genes like MET2 and MET32,
both involved in methionine biosynthesis [14].

Reconstitution of a minimal Mediator to determine the “core” mediator complex was found
to contain head and middle subunits [11]. Consistent with studies on the role of MED14 as
the backbone of Mediator, MED14 was found to be required for Mediator association with
Pol 1l and transcriptional function; however, the middle subunits MED1 and MED19 were
not determined to be necessary parts of the core Mediator [11]. This is consistent with other
studies, where deletion of MED19 in yeast does not affect viability, and a functional
MED19-less Mediator can be isolated [16]. Interestingly, however, Mediator lacking
MED19 isolated under stringent conditions produced a head-tail subcomplex that lacks the
middle module entirely and is structurally stable but defective in transcription [16]. It is
worth noting that there is some controversy with regard to the dispensability of MED19 — in
one study a MED19 deletion mutant was found to be inviable [3, 13].

Steroids. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Weber and Garabedian Page 4

Similarly, although MED1 knockout is embryonic lethal in mice, with MED1 playing a
crucial role in development, MEFs taken from MED1-knockout mouse embryos contain
intact Mediator that can be isolated, with the *“core” subunits present in proportions similar
to wild type Mediator, and drives gene expression [17]. However, Mediator lacking MED1
was deficient in transcription controlled by thyroid hormone receptor, suggesting a role for
MED1 similar to tail subunits: interaction with specific transcription factors [17]. Indeed,
MED1 has LXXLL motifs typical of co-regulators for nuclear receptors, and MED1 has
been found to interact with the AF-2 domain of multiple nuclear receptors [2, 18]. Other
mediator subunits have been implicated in nuclear receptor function as well, including the
dispensable MED19, as well as the essential MED14 [19-21]. Of particular interest are their
interactions with and regulation of the androgen receptor (AR) and estrogen receptor (ER)
[3, 18].

2 Mediator and Nuclear Receptors: Estrogen Receptor alpha (ER) and
Androgen Receptor (AR)

MED1 is the best characterized of the mediator subunits that act as a nuclear receptor co-
factor. MED1 contains two LXXLL motifs, interacts with multiple nuclear receptors, and
stimulates their transcriptional activity in a ligand-dependent manner [19, 22]. One of the
nuclear receptors with which MED1 interacts with is ER, and MED1 also stimulates ER
transcriptional activity [19, 23]. It was found that following estrogen treatment, ER binds to
the promoter of target genes, and co-activators, including histone acetyltransferases and
Mediator via MED1, are recruited, with Mediator in turn recruiting Pol 11 [24]. A recent
study implicated Mediator in the early phase of ligand-dependent enhancer formation such
that the co-activator p300 is recruited to ER by Mediator, followed by steroid receptor co-
regulator (SRC) recruitment to ER for proper enhancer function [25].

Highlighting the importance of MED1 and Mediator in ER function, a later study
demonstrated dysfunctional ER target gene expression and mammary development in MED1
LXXLL mutant knock-in mice [26]. However, these mice otherwise appeared healthy,
indicating that other mediator subunits could act as co-regulators to compensate for MED1
dysfunction (discussed below). There also may be an alternative method of interaction
between MED1 and nuclear receptors or co-factors, possibly mediated by the N-terminal
domain of MEDL1 [18, 26]. There is some evidence for the latter possibility: MED1 was
found to interact through its N-terminal domain with CCAR1, an ER co-activator, with
depletion of CCARL disrupting Mediator and Pol Il recruitment to ER target genes [27].
MED1 was also shown to cooperate with the protein ARGLUL, discovered as a MED1-
interacting protein through mass spectrometry, to promote ER target gene expression [28].

MED1 also interacts with AR and is recruited along with Pol 11 to the promoter and
enhancer of AR target genes, stimulating their expression [29-31]. Furthermore, MED1 was
found to be essential for Pol 11 recruitment to and the expression of AR target genes [30].
Interestingly, MED1 was shown to participate in enhancer-promoter looping at the PSA
locus mediated by androgen-induced PSA enhancer RNA, highlighting that Mediator
subunits promote transcriptional activation through multiple mechanisms [32].
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Although MED1 was initially found to interact with the ligand-binding domain of AR
through the LXXLL motif, this interaction was weak [19]. A non-canonical binding motif on
MED1 was later discovered that interacts with the N-terminal domain of AR, independently
of the two LXXLL motifs [33]. This interaction is stabilized by phosphorylation of MED1,
which also enhances promoter-enhancer looping, Pol Il recruitment, and expression of AR
target genes [33, 34]. Furthermore, phosphorylation of MED1 promotes recruitment of
FOXAL, another AR co-regulator [34].

Several other Mediator subunits have been found to act as co-regulators for nuclear
receptors, including ER and AR. MED14 was first found to interact with the glucocorticoid
receptor (GR), with which MED1 also interacted [35, 36]. In contrast to MED1, which
interacted with the AF-2 domain in the ligand-binding domain of GR, MED14 interacted
with the AF-1 domain in the N-terminal domain. In addition, MED14 and MED1 appear to
control distinct sets of GR target genes, with some overlap in genes that required both
subunits for expression [35, 36]. This indicates that different mediator subunits have distinct
functions in controlling nuclear receptor activity, though some overlap implies that there
may be a degree of redundancy or some ability to compensate, as proposed in the study with
LXXLL mutant knock-in mice [26, 36].

MED14 also promotes ER and AR activity. MED14 was found to interact with and promote
the transcriptional activation of ER, independently of LXXLL motifs [21]. MED14, along
with MED24 and MED1, were found to stimulate the transcriptional activity of ligand-
bound AR, when overexpressed in human cells [29]. MED24, like MED1, contains LXXLL
motifs, but was initially found to have weak or negligible interactions with nuclear receptors
[19]. However, it does stimulate the transcriptional activity of AR [29]. This indicates that
some mediator subunits, like MED1, act as direct AR co-factors through physical interaction
with AR, while others, like MED24, may act as indirect AR co-factors by stabilizing the
interaction between AR and MED1 and transmitting signals to the rest of the mediator
complex [29].

MED19 is a mediator subunit that has more recently been shown to act as an AR co-
regulator. MED19 was identified in a genome-wide RNAI screen, with its depletion resulting
in a reduction in AR target gene expression, suggesting that MED19 might function as an
AR co-activator [20]. Indeed, depletion of MED19 by siRNA reduced the expression of AR
target genes in LNCaP-abl cells (androgen-independent prostate cancer cell ling), and
reduced the proliferation in both LNCaP-abl cells and LNCaP cells (androgen-dependent
prostate cancer cell line) [20]. MED19 has also been implicated in the growth of prostate
cancer cells in other studies [37, 38]. Although no studies have examined MED19 as an ER
co-regulator, it has been demonstrated to play a role in the growth of breast cancer cells,
indicating that it may regulate ER signaling [39, 40].

3 Mediator and Endocrine Cancers

MED19, as well as MED1 and other mediator subunits, have been shown to play a role in
multiple cancers, particularly prostate and breast cancer, where multiple Mediator subunits
have altered expression (Figure 2) [20, 37-43]. MED1, in keeping with its detailed
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characterization as a nuclear receptor co-regulator, is one of the best-characterized Mediator
subunits in cancer. MED1 has been shown to interact with and drive the activity of AR in
prostate cancer cells [29]. Overexpression of MED1 drives AR target gene expression and
growth /n vitro and in vivo, conversely, depletion of MED1 reduces AR target gene
expression, proliferation, and cell cycle progression, and increases apoptosis [9, 34, 43, 44].
In addition, MEDL1 is overexpressed in primary prostate cancer patient samples [9, 43].

In castration-resistant prostate cancer (CRPC), AR is constitutively active in spite of low
levels of androgens; this can occur through the formation of AR splice variants (AR-V) that
lack the ligand-binding domain [45, 46]. Although MED1 was originally shown to interact
with full length AR in a ligand-dependent manner, MED1 can also interact with AR-V and
drive their activity, consistent with the discovery of the non-canonical binding motif of
MED1 that can bind the N-terminal domain of AR [33, 34, 47]. Interestingly, it is the
phosphorylated form of MEDL that interacts with AR-V [34, 47]. Phosphorylation of MED1
drives its interaction with AR-V and recruitment to the promoter and enhancer of UBE2C,
an AR-V-specific target gene [34, 47]. Phosphorylated MED1, which is more stable than the
non-phosphorylated form of MED1, facilitates recruitment of Pol 11, TATA-binding protein
(TBP), and FOXAL1, resulting in promoter-enhancer looping and driving UBE2C expression
and cell growth [33, 34, 43, 47]. Phosphorylation of MED1 can occur through AKT or ERK
signaling, both of which are pathways that have been implicated in CRPC [34, 43, 45, 48,
49].

MED1 also plays an important role in breast cancer. Beyond its interaction with ER, MED1
was shown to be essential for the expression of ER target genes and proliferation in breast
cancer cells [15, 50]. In line with other studies on the dispensability of MED1, MED1 was
only present in about 20% of mediator complexes, with MED1-containing Mediator also
enriched for MED19 and MED15, both of which have been implicated in breast cancer, as
well as prostate cancer (discussed below) [15, 20, 38, 51, 52]. This indicates that MED19
and MED15 may cooperate with MEDL in breast cancer to promote ER activity. This may
also apply to MED24, which when depleted in breast cancer cells, reduced growth [50].

Analogous to its role in AR activity and prostate cancer, phosphorylated MED1 promotes
constitutive activity of ER and treatment resistance in breast cancer. Phosphorylation of
MED1 promotes its stability, interaction with ER, and recruitment to ER target genes in
tamoxifen-resistant breast cancer cells [53, 54]. MED1 is likewise overexpressed in breast
cancer patient tissue, and its depletion reverses tamoxifen resistance [53]. ERK and AKT
signaling induce MED1 phosphorylation, which in HER2+ breast cancer cells, is driven by
HER2 overexpression [54].

MED19 is another middle module subunit that has been implicated in prostate cancer and
breast cancer progression, although it is not as well characterized as MED1. MED19, which
was identified from a genome-wide RNAI screen for novel AR co-regulators, reduced the
proliferation and AR activity of both androgen-dependent and androgen-independent
prostate cancer cells, when depleted [20]. Alteration of MED19 mRNA, which was
upregulated in a subset of prostate cancer patients, correlated with poor outcome [20]. A
later study demonstrated overexpression of MED19 protein in primary prostate tumor
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compared to benign tissue [38]. Depletion of MED19 in LNCaP cells reduced proliferation,
invasion, and xenograft growth, and it was suggested that MED19 may promote tumor
growth and metastasis through the regulation of expression of pro-apoptotic, cell cycle, and
EMT genes, such as Bid, p27, and N-cadherin [37, 38]. However, the mechanism by which
MED19 regulates these genes, the specific signaling pathways it activates in prostate cancer,
and how this intersects with its role as an AR co-regulator, have yet to be elucidated.

Similarly to prostate cancer, MED19 appears to be an important driver of breast cancer cell
growth. MED19 is overexpressed in breast cancer tissue, and depletion of MED19 in breast
cancer cells greatly reduced proliferation and cell cycle progression [40]. MED19 appears to
promote growth through inhibition of CBFA2T3, a potential tumor suppressor that
negatively regulates the E-box gene HEB. HEB is upregulated with MED19 overexpression
and downregulated with MED19 depletion [39]. However, the mechanism by which this
contributes to MED19-regulated breast cancer cell growth is unclear, as is the intersection of
MED19 with ER function. No studies have yet directly linked MED19 to regulation of ER
activity in breast cancer, unlike AR in prostate cancer. Emerging evidence points to a role for
MED19 in many types of cancer, and future studies will likely shed light onto its mechanism
of action in endocrine and other cancers [42, 55, 56].

The tail module MED15, like MED19, has recently been implicated in both prostate and
breast cancer. MED15 was found to promote breast cancer metastasis through TGF-beta
signaling. MED15 interacted with SMAD3, promoting SMADZ2/3 phosphorylation and
nuclear translocation. MED15 silencing reduced SMADZ2/3 phosphorylation, TGF-beta
signaling, and EMT marker expression, as well as lung metastases in breast cancer
xenografts [47]. Similarly, in prostate cancer, MED15 is overexpressed in metastases, and
correlates with TGF-beta signaling and proliferative markers, as well as AR overexpression
and poor clinical outcome [57]. MEDA15 silencing in prostate cancer cells also reduces
SMAD?2/3 phosphorylation and nuclear translocation, as well as proliferation [57].

MED15 was also linked to PI3K signaling: in clinical samples, MED15 correlates to
phospho-AKT, as well as phospho-SMAD3, and both PI3BK/mTOR and TGF-beta receptor
inhibition reduced MED15 expression in prostate cancer cells. Interestingly, MED15
silencing not only reduced the growth of prostate cancer cells, but also reduced the protein
expression of AR [57, 58]. This is in line with the observation in clinical samples that
MED15 overexpression correlates with AR overexpression [57]. This indicates that MED15
may act in an AR-dependent and an AR-independent manner, especially given that PI3K
signaling intersects with AR activity but can promote CRPC independently of AR [48, 58].
Emphasizing the relevance of MED15 to CRPC, its expression increased in prostate cancer
cells after androgen deprivation and in patient samples after androgen deprivation therapy
[58].

Finally, subunits in the kinase module, particularly MED12, have been found to play a role
in endocrine cancers, as well as non-endocrine cancers [3, 38, 52]. Several studies have
shown that it is mutated or overexpressed in prostate cancer [52, 59, 60]. However, there is
no evidence that MED12 acts as a co-factor for AR, and it does not seem to affect AR
transcriptional activity in prostate cancer cells [20]. This indicates MED12 may promote
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prostate cancer progression through alternative signaling. Indeed, MED12 interacts with
beta-catenin to promote WNT signaling, which contributes to CRPC progression [48, 57,
61]. MED12, like MED15, also activates TGF-beta signaling in prostate cancer [52].

Although MED12 has not been directly linked to AR function, it has been shown to play a
potential role in regulating ER function in the context of breast cancer. For example,
prevalent MED12 mutations occur in breast fibroadenomas and phyllodes tumors, and are
associated with dysfunction in ER signaling and extracellular matrix proteins; furthermore,
MED12 expression correlates with ER expression [62—64]. However, the mechanism by
which MED12 affects ER signaling is unclear. One study found that silencing of MED12
reduced ER transcriptional activity; however, rather than regulating the function of ER
through direct interaction, like MED1, MED12 appears to control the expression level of ER
[65]. MED12 silencing reduced Pol 11 occupancy at the ESR1 promoter, as well as ESR1
expression. MED12 and cohesin were found to co-occupy the ESR1 gene promoter,
indicating that MED12 cooperates with cohesin to promote the expression of ER [65].

However, control of ER expression may not be the only mechanism by which MED12
promotes growth in the context of ER-driven malignancies. Similarly to breast cancer,
MED12 mutations have been linked to uterine cancer [66]. MED12 not only controls the
expression of ER in uterine cancer cells, but also promotes growth through activation of
WNT/beta-catenin signaling, as well as TGF-beta signaling [66, 67]. This indicates that
MEDZ12 in this context may function similarly to prostate cancer, promoting growth through
regulation of proliferative pathways involved in treatment resistance [47, 68, 69].

4 Mediator and Non-Genomic Signaling

Although Mediator subunits have been shown to control growth through regulation of
transcriptional processes, there is evidence that some Mediator subunits can regulate
signaling pathways directly in the cytoplasm [70]. For example, MED12 in lung cancer cells
was present in both the nucleus and the cytoplasm; in the latter compartment, MED12
regulated TGF-beta signaling by direct interaction with TGF-beta receptor 2, affecting its
glycosylation and cell surface expression [70]. This indicates that MED12 can control TGF-
beta signaling through both canonical regulation of transcription and non-genomic activity.
Although the non-genomic activity of MED12, as well as other mediator subunits, in
different types of cancer remains to be characterized, this provides an intriguing new insight
into the many functions of Mediator.

The potential cytoplasmic functions of Mediator may be particularly relevant in the context
of breast cancer and prostate cancer, given that ER and AR themselves can function in a
non-genomic manner. For example, cytoplasmic AR can activate several pathways,
including PI3K and MAPK signaling, and cytoplasmic AR splice variants have been
detected in metastatic prostate cancer [71, 72]. Furthermore, cytoplasmic AR interacts with
Src, either directly or through LXXLL motifs on the scaffold protein PELP1, to activate
MAPK signaling and promote growth, survival, and invasion, and Src activity correlates
with resistance in prostate cancer patients [73-75]. ER also interacts with Src, either directly
or through PELP1 to promote invasion and metastasis in breast cancer [76, 77]. Non-nuclear
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ER can activate rapid estrogen signaling, as well as PI3K and MAPK signaling, promote
proliferation and survival, and is associated with tamoxifen and chemotherapy resistance in
breast cancer [78, 79].

Although it is particularly interesting that both mediator subunits and Src via PELP1 may
bind to steroid receptors through LXXLL motifs, no interactions between steroid receptors
and mediator subunits outside of the nucleus, or between Src and mediator subunits, have
been documented. Given the emerging non-genomic roles of steroid receptors and mediator
subunits, however, this may be intriguing to study.

4 Conclusion and Therapeutic Implications

The role of Mediator and the functions of individual Mediator subunits in regulating
transcription, nuclear receptor signaling, and proliferative pathways continue to be
characterized. The dysregulation of Mediator in cancer and other disorders has strong
therapeutic implications. Given that specific subunits act as AR and ER co-regulators and
can contribute to treatment resistance and tumor growth in prostate and breast cancer, they
may provide novel targets to overcome treatment resistance [20, 34, 55]. For example, a
member of the kinase module, CDK19, is overexpressed in prostate cancer and is associated
with aggressive growth and decreased survival [80]. Inhibitors against CDK19 and CDKS,
another member of the kinase module that activates WNT signaling, reduced prostate cancer
cell proliferation and invasion [80, 81]. In another study, compounds that specifically inhibit
CDKS8 and CDK19 were identified and shown to inhibit 7n vitro cell growth in multiple
cancer types, as well as in patient-derived xenografts, showing as a proof-of-principle that
mediator subunits can be targeted to inhibit tumor growth [81]. However, the toxic side
effects of the inhibitors halted their use in pre-clinical studies and pointed to the challenges
of targeting Mediator [81].

Another possibility would be to identify and target the pathways activated downstream of
individual mediator subunits that are upregulated in different cancers. For example, the
overexpression of MED15 in CRPC and its association with activation of TGF-beta and
PI13K signaling indicate that MED15 may serve as a potential biomarker for resistance and
as a predictive marker for TGF-beta or PI3K/mTOR inhibitors [52, 58]. MED1
overexpression in prostate cancer and the association of phosphorylated MED1 with
constitutive AR activity and MAPK and PI3K signaling imply that these pathways may be
potential targets in CRPC with high expression of MED1 [43, 44]. Finally, the
overexpression of MED12 in prostate cancer, and its association with WNT and TGF-beta
signaling, indicate that these pathways could potentially be targeted for tumors with high
MED12 expression [52]. Given that MED12 may directly interact with TGF-beta-receptor 2
in the cytoplasm, there is potential for drugs that could target this interaction [70].

Furthermore, some drugs that have shown efficacy in pre-clinical models of cancer and are
being evaluated for clinical trials may work in part through disruption of Mediator
interactions. For example, BRD4, a BET bromodomain protein, is an AR co-factor that is
upregulated in prostate cancer [82]. JQ1, a BET bromodomain inhibitor, has been shown in
prostate cancer to disrupt the interaction between BRD4 and AR [82]. Interestingly, in acute
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myeloid leukemia and multiple myeloma cells, JQ1 inhibited cell growth and disrupted the
interaction between BRD4 and Mediator, preventing super-enhancer formation and
inhibiting the expression of pro-growth and survival genes [83, 84]. A similar mechanism
may also contribute to the efficacy of BET inhibition in prostate cancer and other cancers,
especially given that several Mediator subunits are AR co-regulators [82]. In line with this,
BET inhibition is effective in breast cancer cells, where there is a strong association between
BRD4 and MEDL1 [85]. Overall, continuing characterization of Mediator in cancer and other
disorders will provide important insight for the development of novel and effective therapies.
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Figure 1.
Schematic of Mediator. A. Model of individual subunits in Mediator based on the structures

in S. pombe and in S. cerevisiae. B. Mediator bridges transcription factors at enhancers and
Pol Il at the promoter. Contacts with GTFs cover much of the surface of pol II. Contacts
with Mediator dominate the surface of Rpb1, the largest subunit of pol I, from which
emanate the RNA transcript and the CTD. Contacts between Mediator and the
unphosphorylated CTD of Pol Il bring Pol Il to and stabilize it at the promoter.
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Figure 2.
The expression of Mediator subunits is altered in prostate cancer and breast cancer. A.

Expression of each Mediator subunit in 85 prostate adenocarcinoma complete tumor
samples with sequencing, CNA, and mRNA data from Taylor, et al, 2010. Several Mediator
subunits, such as MED19, show consistent mRNA upregulation (1.5-fold or greater). In the
case of MED19 this is correlated with poor outcome. B. Expression of each Mediator
subunit in 816 breast adenocarcinoma complete tumor samples with sequencing, CNA, and
mMRNA data from Ciriello, et al, 2015. Several Mediator subunits, such as MED1 or MED30,
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show mRNA upregulation (1.5-fold or greater) or amplification. In the case of MEDL1 this is
correlated with poor outcome.

Steroids. Author manuscript; available in PMC 2019 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Weber and Garabedian

Mediator Subunits in Humans

Module

Subunit

Head

MEDG6

MEDS8

MED11

MED17

MED18

MED20

MED22

MED28

MED30

Middle

MED1

MED4

MED7

MED9

MED10

MED19

MED21

MED26

MED31

Tail

MED15

MED16

MED23

MED25

MED27

MED29

Kinase

MED12

MED12L

MED13

MED13L

CDK8

CDK19

CCNC

Backbone

MED14 ™

Bold = human-specific subunits

Table 1
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*
Originally considered a middle subunit; re-classified as a backbone/scaffold subunit that contacts and holds together the head, middle, and tail

modules
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