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Abstract

The Mediator complex is a central regulator of eukaryotic transcription, functioning as a
dynamic molecular interface between gene-specific transcription factors and RNA poly-
merase II (Pol II). Although its overall architecture and general role in transcription have
been extensively reviewed, accumulating genetic, genomic, and clinical evidence indicates
that individual Mediator subunits make distinct and non-redundant contributions to hu-
man physiology and disease. In this review, we move beyond a generic description of
Medjiator function and present a subunit-resolved synthesis of Mediator biology with an
emphasis on disease pathogenesis. A key feature of this review is a comprehensive table
integrating disease associations and molecular functions of individual human Mediator
subunits, enabling rapid assessment of functional specialization across the complex. We
further discuss chromatin-based mechanisms of Mediator action, including cooperation
with cohesin and architectural factors to regulate enhancer-promoter communication and
higher-order genome organization. By organizing recent structural, mechanistic, and patho-
logical findings into a unified framework, this review highlights how disruption of specific
Mediator subunits contributes to cancer, developmental disorders, and metabolic disease,
and outlines emerging opportunities for therapeutic intervention.
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1. The Mediator Complex in Transcriptional Regulation

The Mediator complex lies at the very heart of eukaryotic gene regulation, coordinat-
ing communication between DNA-bound transcription factors (TFs) and RNA polymerase
II (Pol IT). This multi-subunit complex was originally identified through pioneering studies
investigating how TFs regulate Pol II-mediated transcription in yeast [1-4]. The Mediator
complex is evolutionarily conserved from yeast to humans, yet its subunit composition
and primary amino-acid sequences show substantial divergence across species. In Saccha-
romyces cerevisiae, Mediator consists of approximately 25 subunits and has an estimated
molecular mass of ~0.8 MDa, whereas the human Mediator complex comprises roughly
30 subunits and reaches ~1.4 MDa in size [5,6].

Over the past decade, advances in structural, biophysical, and functional analyses
have fundamentally reshaped our understanding of Mediator. Rather than functioning
as a static coactivator, Mediator is now recognized as a dynamic, centralized, and signal-
responsive regulatory hub [7]. Groundbreaking cryogenic electron microscopy (cryo-EM)
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studies—including near-atomic-resolution models of the Mediator-Pol II preinitiation
complex (PIC)—have revealed remarkable structural flexibility and a modular architecture
in which the kinase, head, middle, and tail modules undergo coordinated rearrangements
to promote transcription initiation [5,8].

Together, these findings establish the Mediator complex as a dynamic integrator
of transcriptional regulation whose roles extend well beyond traditional models. In this
review, we summarize recent advances in defining the modular organization and functional
versatility of Mediator, with a particular focus on its roles in development and disease. We
also discuss emerging therapeutic directions that have gained attention over the past decade,
including inhibition of the Mediator kinase module, disruption of Mediator-centered
protein—protein interactions (PPIs), and growing evidence that mediator complex subunit
19 (MED19) represents a potential transcriptional vulnerability in cancer.

This review was conducted as a scoping analysis aimed at capturing the breadth of cur-
rent evidence on Mediator complex structure, function, disease relevance, and therapeutic
potential, with a primary focus on advances reported between 2015 and 2025.

2. Structural Organization and Modular Architecture

Recent advances in cryo-electron microscopy (cryo-EM) and X-ray crystallography
have transformed our understanding of the Mediator complex, revealing its evolution from
a putative scaffold into a highly intricate and dynamic modular assembly. Mediator is
organized into four major modules—Head, Middle, Tail, and Kinase—each contributing
distinct structural and regulatory functions. A central architectural feature of the complex
is mediator complex subunit 14 (MED14), which spans nearly the entire assembly. MED14
acts as a structural backbone, tightly linking the head and middle modules while anchoring
the tail module at the base of Mediator. Although the precise modular assignment of
MED14 remains debated, we consider MED14 as a subunit of the tail module in accordance
with the reference [6].

The head and middle modules, together with MED14, form the so-called core Mediator
(cMed). Within this core, MED14 is indispensable for robust interaction with RNA Pol II.
While the head and middle modules alone can assemble into a stable complex, association
with MED14 is required to reconstitute a fully functional Mediator capable of productive
transcriptional engagement. In contrast, the kinase module—commonly referred to as the
CDKS8 kinase module (CKM)—associates with Mediator in a reversible manner, providing
an additional layer of regulatory flexibility [9-11].

High-resolution structural insights have been instrumental in defining functional
interfaces within Mediator. The 3.4 A crystal structure of Schizosaccharomyces pombe cMed,
encompassing the head and middle modules, revealed that multiple disease-associated
mutations cluster at the interface between mediator complex subunit 6 (MED6) and me-
diator complex subunit 17 (MED?7), which connect to the middle module. This clustering
highlights critical structural hotspots essential for Mediator integrity and activity [8]. More
recently, near-atomic-resolution cryo-EM structures have resolved nearly the entire tail
module, as well as MED1-containing regions of the middle module, providing direct visu-
alization of how transcriptional activator binding and Pol I engagement induce long-range
conformational changes that propagate from the head to the tail modules [12].

Medjiator is now recognized to adopt at least two major conformational states: an
extended and a bent configuration. Notably, the preinitiation complex (PIC) preferentially
engages Mediator in the bent conformation, indicating that PIC architecture itself induces
Mediator structural rearrangement [13]. Complementary high-resolution cryo-EM analyses
of yeast Mediator-PIC assemblies further demonstrate that PIC binding drives precise
reorganization of the Middle module, particularly within the hook, knob, and beam re-

https:/ /doi.org/10.3390/ijms27052221


https://doi.org/10.3390/ijms27052221

Int. J. Mol. Sci. 2026, 27, 2221 30f23

gions [14]. These structural studies establish Mediator as a conformationally dynamic
complex whose architecture is actively reshaped during transcription initiation rather than
functioning as a static scaffold [15] as outlined in Figure 1.

Nucleosome Enhancer @

Figure 1. Mediator-centered transcriptional regulatory network at promoters and enhancers.
Schematic representation of Mediator-dependent transcriptional regulation integrating transcription
factors (TFs), chromatin architecture, and the basal transcription machinery. Sequence-specific TFs
bind enhancer regions and interact with the Tail module of the Mediator complex (shown in light
green and yellow), facilitating signal-dependent recruitment and activation. Mediator cooperates
with cohesin and CTCF to promote enhancer-promoter communication through chromatin looping
and higher-order genome organization. At core promoter regions, Mediator assembles with the
preinitiation complex (PIC), which includes general transcription factors and RNA polymerase II
(Pol II), to form a Mediator-PIC (PIC-MED) assembly that supports transcription initiation. The
a-helix bundle of the Head module (shown in red) and the Knob domain of the Middle module
(shown in purple) form a Head-Middle interface that stabilizes the C-terminal domain (CTD) of RNA
polymerase II. The structural organization of the human Mediator and Mediator-bound PIC is based
on cryo-EM structures (Chen et al., 2021) [13], illustrating the spatial coordination between TF-bound
Mediator, the core promoter, and the basal transcription machinery.

3. The Many Roles of the Mediator Complex

The Mediator complex plays numerous essential roles in eukaryotic transcriptional
regulation, acting as a central integrator of regulatory signals throughout the transcrip-
tion cycle. At the onset of transcription, Mediator functions as a molecular bridge that
connects DNA-bound transcription factors with RNA Pol II, thereby facilitating assembly
of the PIC [16]. Beyond this bridging role, Mediator actively stimulates transcription by
promoting phosphorylation of the C-terminal domain of Pol II, leading to increased basal
transcriptional output [4].
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Mediator also plays critical roles during transcriptional elongation and termination.
In particular, mediator complex subunit 26 (MED26) serves as a docking platform for
elongation-associated factors, enabling efficient transition of Pol II into productive elonga-
tion [17]. In parallel, MED26 contributes to transcription termination by engaging the little
elongation complex (LEC), thereby ensuring efficient and coordinated Pol II release at gene
ends [18].

In addition to its canonical functions, Mediator has been implicated in higher-order
mechanisms of transcriptional regulation. The formation of Mediator-containing biomolec-
ular condensates at clusters of enhancers has been proposed as a mechanism to concentrate
transcriptional machinery and enhance gene activation [19-21]. Moreover, the reversible
association of the kinase module with Mediator allows cellular signaling pathways—
including metabolic and developmental cues—to be integrated into transcriptional outputs
by modulating enhancer activity, Pol II elongation, and chromatin organization [22].

Medjiator is preferentially recruited to enhancer regions, where it serves as a central
integrator of transcriptional regulation [23]. At enhancers, sequence-specific transcription
factors (TFs) engage the Tail module of Mediator, promoting signal-dependent recruitment
and activation. Mediator cooperates with cohesin to facilitate enhancer-promoter looping,
a higher-order chromatin configuration essential for robust gene activation [24]. Consistent
with this model, acute Mediator depletion reduces enhancer-promoter contacts, diminishes
cohesin occupancy at enhancers, and decreases transcriptional output [25]. In addition,
Mediator interfaces with CTCF-bound architectural elements to coordinate cohesin loading
and loop extrusion, thereby contributing to chromatin domain organization [25,26]. At
core promoter regions, Mediator assembles with general transcription factors and RNA
polymerase II (Pol II) to form the Mediator-PIC (PIC-MED) complex, whose structural or-
ganization has been elucidated by cryo-EM [13]. Together, these findings position Mediator
as a molecular platform that links higher-order chromatin architecture at enhancers with
transcription initiation at promoters (Figure 1).

These mechanisms are particularly prominent in pluripotent embryonic stem cells
(ESCs), where master transcription factors bind enhancer elements and recruit Mediator
to activate cell identity gene programs. This process underscores the critical role of super-
enhancers in maintaining mammalian cell fate and transcriptional robustness [27].

4. Mediator Dysregulation in Disease: From Modular Molecular Function
to Vulnerability

Disease phenotypes are rarely caused by complete loss of the Mediator complex.
Instead, pathological states typically arise from selective dysfunction or hijacking of specific
Mediator subunits distributed across its four modules. Accumulating genetic, genomic,
and functional studies indicate that individual Mediator subunits constitute discrete points
of vulnerability, giving rise to diverse disease manifestations. Below, we summarize disease
associations linked to Mediator subunits, organized by module as illustrated in Figure 2
and summarized in Table 1.

4.1. Head Module

Over the past decade, the Mediator head module—which comprises mediator com-
plex subunits MED6, MEDS, MED11, MED17, MED18, MED20, and MED?22, as well as
proximally tethered subunits MED27, MED28, MED29, and MED30—has emerged as a
major vulnerability center in a wide range of human diseases.
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4.1.1. Mediator Complex Subunit 6 (MED6)

MED6 has emerged as a potential predictive biomarker in lung adenocarcinoma
(LUAD). A recent multi-omics analysis demonstrated that MED6 promotes tumor cell
proliferation and is associated with poor prognosis, and identified drugs such as pacli-
taxel, afatinib, and brivanib as candidate therapeutic agents for MED6-high tumors [28].
Structurally, MED6 is a head-module subunit of the Mediator complex that contributes to
RNA polymerase II C-terminal domain engagement [29]. Consistent with this positioning,
foundational genetic and biochemical studies in Saccharomyces cerevisiae established
MEDS as a selective regulator of activated, but not basal, Pol II transcription, functioning in
pre-initiation complex formation and activator signal relay through functional interaction
with SRB4 [30,31]. These conserved molecular functions provide a mechanistic basis for
how MED®6 dysregulation may preferentially amplify oncogenic transcriptional programs
in LUAD.

4.1.2. Mediator Complex Subunit 8 (MEDS)

MEDS is frequently overexpressed in hepatocellular carcinoma (HCC), where ele-
vated expression correlates with adverse clinical outcomes, and its depletion suppresses
tumor cell proliferation, migration, and colony formation; accordingly, a MED8-centered
immunomodulatory prediction model improves survival stratification of HCC patients [32],
and MEDS has also been implicated in renal cell carcinoma (RCC) [33]. Mechanistically,
MEDS is a conserved Mediator head-module subunit that forms a MEDS8/18/20 subcom-
plex engaging TBP and RNA polymerase II to promote pre-initiation complex formation
and integrate activating and repressing transcriptional inputs, providing a molecular basis
for its vulnerability in oncogenic transcriptional regulation [34,35].

4.1.3. Mediator Complex Subunit 11 (MED11)

Homozygous mutations in MED11 cause severe neurodevelopmental impairment char-
acterized by myoclonic seizures and premature death, and zebrafish models recapitulate
these phenotypes, providing strong in vivo evidence for MED11’s essential developmen-
tal role [36]. Consistent with this requirement, yeast genetic and biochemical studies
place MED11 (Srb4) in a Mediator subcomplex with MED6 that is critical for activated
RNA polymerase II transcription and relay of activator signals to the basal transcription
machinery [37].

4.1.4. Mediator Complex Subunit 17 (MED17)

Biallelic variants in MED17 are associated with progressive microcephaly, intellectual
disability (ID), and seizures. Patient-derived fibroblasts harboring MED17 mutations
exhibit pronounced activation of the unfolded protein response, indicating proteostasis
stress as a key pathogenic mechanism [38,39]. In this functional context, MED17 is a core
component of the Mediator head module that supports RNA polymerase II-dependent
transcription through direct interactions with general transcription factors and TFIIH,
suggesting that loss of MED17 may broadly compromise transcriptional homeostasis in
cells with high proteostatic demand [40].

4.1.5. Mediator Complex Subunit 20 (MED20)

Mutations in MED20 cause infantile basal ganglia degeneration, a neurodegenerative
disorder marked by cerebellar atrophy and basal ganglia abnormalities detectable by
MRI [41]. Functionally, MED20 is a component of a conserved MEDS8/MED18/MED20
subcomplex within the Mediator head module that contributes to transcription initiation
by forming a structural platform involved in TBP engagement and pre-initiation complex
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assembly, providing a plausible cellular context for the neurological vulnerability observed
upon MED20 dysfunction [34].

4.1.6. Mediator Complex Subunit 22 (MED22)

The strongest functional evidence for MED22 in human disease comes from podocyte-
specific Med22 knockout mice, which develop progressive glomerular disease and succumb
to renal failure, highlighting a critical role for Med22 in kidney physiology [42]. In cancer,
proteomic analyses of carotid body tumors identified MED22 as a differentially expressed
protein [43]. In addition, MED22—together with MED10 and meiosis-arrested-at-leptotene-
1 (MEL1)—was found to be upregulated in HCC, forming a three-gene prognostic signature
predictive of patient outcome [44]. Functionally, MED22 forms an essential heterodimer
with MED11 within the Mediator head module, creating a conserved four-helix bundle
that stabilizes the transcription pre-initiation complex through interaction with MED17
and is required for efficient Pol II transcription, providing a structural framework that may
underlie its tissue-specific and disease-associated roles [37].

4.1.7. Mediator Complex Subunit 27 (MED27)

Loss-of-function variants in MED27 cause an autosomal recessive neurodevelopmental
syndrome characterized by global developmental delay, dystonia, cerebellar hypoplasia,
spasticity, and cataracts. Zebrafish loss-of-function models failed to rescue developmental
defects and revealed disruption of downstream transcription factor networks, includ-
ing foxo3a and fosab, which have well-established roles in neurodevelopment, as demon-
strated in zebrafish, mouse, and human studies [45,46]. Functionally, MED27 is an Upper
Tail subunit of mammalian Mediator that forms extensive contacts with the core com-
plex, as revealed by cryo-EM analyses, positioning it to modulate Mediator conformation
and its interaction with RNA polymerase II [47]. Consistent with this architectural role,
cardiomyocyte-specific ablation of Med27 in mice causes embryonic lethality or adult-onset
heart failure and is accompanied by global destabilization of Mediator subunits, indicating
that MED27 is essential for maintaining Mediator integrity in cardiac tissue independently
of MED30 [48].

4.1.8. Mediator Complex Subunit 28 (MED28)

Mouse knockout studies demonstrate that MED28 is essential for peri-implantation
development and maintenance of pluripotency. Loss of Med28 results in early embryonic
lethality accompanied by reduced expression of pluripotency regulators POU domain, class
5, transcription factor 1 (OCT4) and Nanog homeobox (NANOG) [49]. Functionally, MED28
is a metazoan-specific Tail-module subunit that participates in extensive contacts between
the Tail and core Mediator, as revealed by mammalian cryo-EM structures, positioning it to
influence Mediator conformation and transcriptional programs critical for early embryonic
cell states [47].

4.1.9. Mediator Complex Subunit 29 (MED29)

A 2025 study identified biallelic MED29 variants as the cause of pontocerebellar
hypoplasia with cataracts, establishing MED29 as a novel risk gene for this disorder [50].
In oncology, MED29 expression is elevated in oral squamous cell carcinoma (OSCC), where
it promotes epithelial-mesenchymal transition (EMT); MED29 knockdown suppresses
epithelial-mesenchymal transition (EMT) and cell migration [51]. MED29 has also been
shown to play context-dependent oncogenic and tumor-suppressive roles in pancreatic
cancer (PaCa) [52]. In structural terms, MED29 is a metazoan-enriched Tail-module subunit
embedded within the mammalian Mediator Tail that makes extensive contacts with the
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core complex, suggesting a role in shaping Mediator conformation and signal-dependent
transcriptional outputs in a tissue- and context-specific manner [47].

4.1.10. Mediator Complex Subunit 30 (MED30)

MED30 deletions have been linked to congenital disorders, including Langer—Giedion
syndrome and Cornelia de Lange syndrome, underscoring its importance in human devel-
opment [53]. Structurally, MED30 is a metazoan-specific proximal Tail subunit that anchors
the Tail to the Head and core Mediator, as revealed by mammalian cryo-EM analyses,
positioning it to influence overall Mediator architecture and signal integration [47]. Func-
tionally, cardiomyocyte-specific deletion of Med30 in mice causes embryonic or adult-onset
heart failure accompanied by destabilization of core Mediator subunits, demonstrating
an essential role for MED30 in maintaining Mediator integrity and cardiac transcriptional
networks in vivo [53].

Together, these studies demonstrate that although the Mediator head module functions
as a cohesive structural entity, its individual subunits display distinct and disease-specific
vulnerabilities. These vulnerabilities manifest as cancer, neurodevelopmental disorders,
renal disease, or congenital syndromes. This emerging modular disease map argues
strongly for subunit-specific therapeutic strategies, rather than generalized approaches to
Mediator dysregulation.

4.2. Middle Module

The Mediator middle module comprises mediator complex subunits MED1, MED4,
MED7, MED9, MED10, MED19, MED21, MED26, and MED31. This module functions as
both a structural scaffold and a regulatory hub within the Mediator complex. Although
these subunits are integrated into a single architectural unit, accumulating evidence indi-
cates that they play distinct and sometimes divergent roles in human disease.

4.2.1. Mediator Complex Subunit 1 (MED1)

MED1 is frequently amplified or overexpressed in cancer, most notably within the
human epidermal growth factor receptor 2 (HER2) amplicon in breast cancer (BCa). Ele-
vated MED1 levels promote EMT and cancer stem cell formation, thereby contributing to
tumor aggressiveness and therapy resistance [54,55]. Functionally, MED1 serves as a signal-
responsive nuclear receptor coactivator whose association with the Mediator complex is
enhanced by MAPK-ERK-dependent phosphorylation, which promotes interaction with
MED?7 and potentiates hormone-dependent RNA polymerase II transcription [56].

4.2.2. Mediator Complex Subunit 4 (MED4)

Relatively little is known about the role of MED4 in carcinogenesis. One study associ-
ated MED4 deletion and downregulation with poor clinical outcomes in cervical cancer
(CC) and identified MED4 as a driver of chemo-radiotherapy resistance [57]. MED4 has also
been identified as a survival gene in retinoblastoma (Rb) [58]. Functionally, MED4 forms
a conserved heterodimer with MED9 that constitutes a central structural element of the
Mediator middle module, contributing to a flexible scaffold that supports RNA polymerase
II regulation and may influence cellular vulnerability to transcriptional stress [59].

4.2.3. Mediator Complex Subunit 7 (MED7)

MED? serves as a significant prognostic marker in BCa, particularly in estrogen
receptor-positive (ER") luminal subtypes, where higher MED7 expression correlates with
improved survival [60]. In contrast, MED? is upregulated in hepatocellular carcinoma
(HCC) and contributes to tumor progression [61], highlighting context-dependent functions.
Structurally, MED? forms a highly extended heterodimer with MED21 in the Mediator
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middle module, creating a flexible hinge that connects the middle and head modules and
enables large-scale conformational changes during transcriptional regulation [62]. Con-
sistent with this architectural role, integrity of the MED7-MED21 hinge is required for
stable Mediator—Pol II holoenzyme assembly, as hinge-disrupting mutations selectively
impair Pol II binding without destabilizing core Mediator [63]. In addition, the N-terminal
region of MED7 forms a distinct submodule with MED31 that positively regulates transcrip-
tion of specific gene sets, demonstrating that MED? contributes both to global Mediator
architecture and to gene-selective transcriptional control [64].

4.2.4. Mediator Complex Subunit 9 (MED9)

Recent studies have linked MED9 to human disease, with the short isoform of MED9
being strongly upregulated in familial dilated cardiomyopathy, suggesting a role in cardiac
pathology [65]. Functionally, MED9 partners with MED4 to form a central heterodimer
within the Mediator middle module that contributes to the extended and flexible core
architecture of Mediator, positioning MED?9 as a structural stabilizer that may influence Pol
II regulation under conditions of altered transcriptional demand [59].

4.2.5. Mediator Complex Subunit 10 (MED10)

MED10 has been implicated in multiple disease contexts, including bladder cancer [66]
and HCC [67]. In addition, MED10 has been identified among Alzheimer’s disease (AD)
risk-associated genes, pointing to broader roles beyond cancer [68]. Functionally, MED10
occupies a flanking position within the Mediator middle module adjacent to the MED7—
MED21 heterodimer, where it contributes to middle-module flexibility and may facilitate
dynamic communication between core Mediator architecture and RNA polymerase II
during regulated transcription [59].

4.2.6. Mediator Complex Subunit 19 (MED19)

MED19 is consistently upregulated across a wide spectrum of malignancies—including
HCC [69], Prostate Ca [70], Breast Ca [71], Colorectal Ca [72], and Bladder Ca [73]—where
it promotes tumor cell proliferation, migration, and resistance to therapy [69-73]. Function-
ally, MED19 directly binds Hox homeodomain transcription factors through a conserved
animal-specific motif and acts as a Pol II-embedded cofactor required for Hox-dependent
developmental gene activation, providing a direct molecular interface between sequence-
specific transcription factors and the general transcription machinery [74]. Consistent with
a broader architectural role, loss of MED19 (Rox3) in yeast destabilizes functional coupling
of the Mediator Middle module with the Head and Tail, impairing Pol II binding, CTD
phosphorylation by TFIIH, and activated transcription, thereby highlighting MED19 as a
key conduit linking activators to the core transcriptional apparatus [75].

4.2.7. Mediator Complex Subunit 21 (MED21)

MED21 is a highly conserved core component of the Mediator middle module that
forms an extended heterodimer with MED?7, creating a flexible hinge composed of a four-
helix bundle and coiled-coil elements that spans a substantial portion of the Mediator
complex and enables conformational rearrangements during transcriptional regulation [62].
Structural and biochemical analyses demonstrate that integrity of the MED7-MED21 hinge
is essential for Mediator-RNA polymerase II holoenzyme assembly, as hinge-disrupting
mutations selectively impair Pol II binding and increase middle-module disorder without
destabilizing the core complex [63]. Consistent with this essential architectural role, no
monogenic human disorder has yet been directly attributed to pathogenic MED21 variants,
likely reflecting the strong evolutionary constraint imposed by its requirement for Mediator
structural integrity and Pol II engagement.
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4.2.8. Mediator Complex Subunit 26 (MED26)

MED26 functions as a regulatory adaptor that coordinates the transition from tran-
scription initiation to elongation within the Mediator complex. Structural and biochemical
analyses show that MED26 promotes RNA polymerase II (Pol II) CTD engagement by
antagonizing CDKS8 kinase module-mediated inhibition, a process that can be triggered
by nuclear receptor binding to reconfigure Mediator and enable MED26-dependent Pol II
interaction [76]. Beyond initiation, MED26 selectively recruits elongation machineries, in-
cluding the Super Elongation Complex (SEC) and Little Elongation Complex (LEC), thereby
regulating gene-type-specific elongation and transcription termination of protein-coding,
snRNA, and replication-dependent histone genes [18]. Consistent with this regulatory role,
no monogenic human disorder has been directly attributed to pathogenic MED26 variants
to date, although altered MED26 expression has been reported in several cancers.

4.2.9. Mediator Complex Subunit 31 (MED31)

MED?31 regulates self-renewal and adipogenic differentiation of human mesenchymal
stem cells [77]. Notably, a study of Parkinson’s disease (PD) reported sex-biased expression
of MED31, with significantly increased levels observed in the frontal cortex of female
patients [78]. Functionally, MED31 forms a conserved middle-module submodule with the
N-terminal region of MED? that is required for activated RNA polymerase II transcription
and selectively regulates defined gene sets, including those involved in metabolic pathways,
providing a structural context for its cell type- and state-dependent functions [64].

Together, these findings underscore the dual nature of the Mediator middle module.
While some subunits function primarily as disease-associated regulatory cofactors, others
play indispensable roles in maintaining the transcriptional architecture required for Pol
IT function. This functional heterogeneity further reinforces the concept that Mediator
dysregulation operates at the level of individual subunits and interfaces, rather than
through wholesale disruption of the complex.

4.3. Tail Module

The Mediator tail module comprises mediator complex subunits MED14, MED15,
MED16, MED23, MED24, and MED25. This module is positioned at the interface be-
tween transcription factors and the core Mediator architecture, enabling signal-responsive
regulation of gene expression.

4.3.1. Mediator Complex Subunit 14 (MED14)

Among Mediator subunits, MED14 is unique in its dual role as a central structural
scaffold and a functional regulator of Pol II engagement. MED14 coordinates interactions
between multiple Mediator subunits and enhances Mediator—Pol II association, thereby
stabilizing the overall architecture of the complex [9]. A recent study further demonstrated
that the N-terminal half of MED14 is essential for Pol II interaction and for efficient recruit-
ment of Pol II to gene promoters [79]. Beyond its general role in transcription, specific
med14 mutant alleles have been linked to impaired neural crest development [80] and
defects in stem cell maintenance in zebrafish [81].

4.3.2. Mediator Complex Subunit 15 (MED15)

MED15 has emerging relevance in cardiovascular disease biology. A 2025 systems-
level review identified MED15 as a regulatory node in lipid metabolism, inflammatory
signaling, and oxidative stress, acting through SREBP, NF-kB, and NRF2 pathways that
are central to the pathogenesis of atherosclerosis and coronary artery disease [82]. In
cancer, MED15 contributes to tumor progression and metastatic dissemination in renal
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cell carcinoma (RCC) [83,84] and head and neck squamous cell carcinoma (HNSCC) [85].
Notably, phosphorylation of MED15 at threonine 603 (T603) functions as a molecular switch
controlling senescence-associated secretory phenotype production, implicating MED15
as a novel regulator of tissue aging and cognitive decline [86]. Structurally, MED15 is
a metazoan-enriched Tail-module subunit that engages extensively with the Mediator
core, as revealed by mammalian cryo-EM analyses, positioning it to modulate Mediator
conformation and activator-dependent transcriptional programs [47].

4.3.3. Mediator Complex Subunit 16 (MED16)

Biallelic variants in MED16 have been identified in 25 individuals presenting with
neurodevelopmental delay and ID. These findings position MED16 among a growing group
of genes associated with so-called “MEDopathies,” a term describing neurodevelopmental
disorders caused by mutations in Mediator subunit genes [87,88]. Structurally, MED16
is a metazoan-enriched Tail-module subunit that interacts extensively with the Mediator
core, as revealed by mammalian cryo-EM analyses, positioning it to influence Mediator
conformation and activator-dependent transcription [47].

4.3.4. Mediator Complex Subunit 23 (MED23)

MED23 plays both mechanistic and pathophysiological roles in transcriptional regula-
tion. Loss-of-function and missense variants in MED23 (including R617Q) are associated
with ID, epilepsy, and widespread dysregulation of gene expression. Mechanistically,
MED23 mutations reprogram enhancer activity and chromatin architecture, underscoring
its importance in transcriptional network stability [89,90]. Beyond transcriptional control,
MED?23 directly interfaces with mRNA processing machinery through interaction with
hnRNP L, enabling Mediator-dependent regulation of alternative splicing and alterna-
tive polyadenylation and providing a molecular link between transcription and mRNA
processing [91].

4.3.5. Mediator Complex Subunit 24 (MED24)

MED24 has been identified as a critical oncogenic target of erb-b2 receptor tyrosine
kinase 2 (ERBB2) in lung tumorigenesis. Elevated MED24 expression correlates with poor
survival in patients with non-small cell lung cancer (NSCLC), suggesting that MED24
represents a promising therapeutic target, particularly in ERBB2-mutant tumors [92]. Struc-
turally, MED24 is a metazoan-specific Tail-module subunit that engages extensively with
the Mediator core, as revealed by mammalian cryo-EM analyses, positioning it to modulate
Mediator conformation and activator-dependent transcriptional responses [47].

4.3.6. Mediator Complex Subunit 25 (MED25)

A homozygous missense mutation in MED25 (p.Tyr39Cys) has been identified as
the cause of severe ID characterized by congenital eye defects, growth retardation, and
additional developmental abnormalities, highlighting the essential role of MED25 in human
development [93]. Functionally, MED25 acts as a transcriptional coactivator that directly
engages the activation domain of ATF6«, serving as a docking site for Mediator recruitment
to ER stress-responsive promoters and enabling Pol II-dependent transcription during the
unfolded protein response [94].

Collectively, these findings illustrate that the Mediator tail module serves as a signal-
integration interface that couples transcription factor inputs to core Mediator architecture.
Disease-associated alterations in tail subunits frequently disrupt transcriptional responsive-
ness rather than basal Pol II function, leading to context-dependent pathologies ranging
from neurodevelopmental disorders to cancer, cardiovascular disease, and aging-related
dysfunction. The enrichment of regulatory phosphorylation sites, activator-binding sur-
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faces, and disease-associated variants within tail subunits underscores their potential as
selective therapeutic entry points for modulating transcriptional programs without globally
impairing Mediator integrity.

4.4. Kinase Module

The CDK8/19 kinase module (CKM) is a reversibly associated subcomplex of Mediator
that regulates gene expression primarily through phosphorylation of transcription factors
(TFs) and Mediator subunits. Increasing evidence implicates CKM components in a wide
range of diseases, particularly cancer. The kinase module comprises cyclin-dependent
kinase 8 (CDKS8) or its paralog cyclin-dependent kinase 19 (CDK19), mediator complex
subunit 12 (MED12 and its paralog MED12L), mediator complex subunit 13 (MED13 and
MED13L), and cyclin C (CCNC). Disease associations linked to individual subunits are
summarized below.

4.4.1. Cyclin-Dependent Kinase 8 and 19 (CDK8/CDK19)

CDKS and its paralog CDK19 function as the catalytic kinases of the Medjiator kinase
module (CKM), forming an evolutionarily conserved complex with cyclin C that associates
with the RNA polymerase II holoenzyme and relays growth- and signal-dependent cues to
the transcriptional machinery [95].

CDKS8 and CDK19 play central roles in signal-dependent transcriptional regulation.
In inflammation-associated gastric cancer (GCa), the miR-26b-5p-PDE4B/CDK8-STAT3
feedback loop has been identified as a critical regulatory circuit. By directly targeting
phosphodiesterase 4B (PDE4B) and CDKS8, miR-26b-5p suppresses STAT3 phosphorylation
and nuclear translocation, thereby restraining gastric cancer cell proliferation [96]. In breast
cancer (BCa), CDK8 expression and that of its interacting genes show strong correlation,
supporting their utility as prognostic biomarkers [97].

In prostate cancer (PCa), CDK8 and CDK19 contribute to disease progression. Phar-
macological inhibition of CDK8/CDK19 enhances tumor cell sensitivity to androgen de-
privation while reducing migratory potential, highlighting these kinases as therapeu-
tic targets [98]. The selective CDK8/CDK19 inhibitor cortistatin A (CA) has provided
key mechanistic insights, demonstrating that kinase inhibition activates super-enhancer-
associated genes in acute myeloid leukemia (AML) and disrupts phosphorylation networks
involving DNA-binding TFs, chromatin-associated proteins, DNA repair factors, and Pol
II. These findings extend CKM function beyond transcription to DNA repair and cellular
metabolism [99-101]. Consistent with this, inhibition of CDK8/CDK19 suppresses solid
tumor growth, including PCa [99-101].

Mechanistically, phosphorylation of signal transducer and activator of transcription 1
(STAT1) at serine 727 by the Mediator kinase stimulates AML cell proliferation in conjunc-
tion with JAK-STAT signaling. In contrast, CA-mediated inhibition of this phosphorylation
induces growth arrest, reduces colony formation in patient-derived samples, and lowers
leukemic allele burden in mouse models, underscoring the therapeutic potential of CKM
inhibition [102].

4.4.2. Cyclin C (CCNC)

CCNC plays a direct role in cardiac stress responses. Under stress conditions, CCNC
translocates from the nucleus to mitochondria, where it modulates mitochondrial dynamics
and cardiac function [103]. In oncology, CCNC contributes to B-cell acute lymphoblas-
tic leukemia (ALL) progression by suppressing p53-mediated stress responses, thereby
promoting leukemogenesis [104]. At the molecular level, CCNC forms a highly specific
complex with CDKS8 within the Mediator kinase module, as revealed by crystal structures
that define a unique cyclin-recognition interface and an unconventional mode of CDK8
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activation independent of activation-loop phosphorylation, providing a structural basis for
CKM-dependent transcriptional regulation and pharmacological targeting [105].

4.4.3. Mediator Complex Subunit 12 (MED12)

Pathogenic mutations in MED12 underlie a spectrum of X-linked ID syndromes,
including FG, Lujan-Fryns, and Ohdo syndromes, as well as non-syndromic ID in hemizy-
gous males. In females, de novo MED12 missense variants have been linked to Hardikar
syndrome without ID [106]. MED12 mutations have also been identified in multiple cancers,
including chronic lymphocytic leukemia (CLL) [107], uterine leiomyomas, and PCa [108].
Importantly, MED12 mutation status has been proposed as a predictive biomarker for
response to gonadotropin-releasing hormone agonists in uterine leiomyoma [109] and col-
orectal cancer (CRC) [110]. Over the past decade, MED12 dysregulation has emerged as a
key driver of breast fibroepithelial tumors, with associated alterations in WNT, TGF-f3, and
thyroid hormone receptor alpha (THRA) signaling pathways [111]. Mechanistically, MED12
acts as a regulatory subunit of the Mediator kinase module by wrapping its N-terminal
region around the CDK8-Cyclin C complex to position an activation helix that stimu-
lates CDKS kinase activity, while cancer-associated mutations in this region alter CDK8
activation and transcriptional outputs without disrupting complex assembly [112].

4.4.4. Mediator Complex Subunit 13 and MED13L (MED13/MED13L)

MED13 was initially linked to severe congenital heart defects [113]. MED13L hap-
loinsufficiency syndrome is now recognized as a distinct neurodevelopmental disorder
characterized by global developmental delay, ID, hypotonia, speech impairment, and vari-
able brain MRI abnormalities. Foundational studies by Asadollahi and Adegbola and
colleagues established this syndrome through analyses of copy number variants affecting
MED13L [114,115]. Subsequent work has expanded the role of the MED13/MEDI13L axis
to cardiac and metabolic regulation, with variants also implicated in developmental and
epileptic encephalopathies [116].

Mechanistically, MED13 serves as the principal tether linking the CDKS8 kinase mod-
ule to the Mediator Tail/leg domain, enabling MED12-MED13-dependent repression by
blocking RNA polymerase II recruitment and transcriptional reinitiation independently of
CDKS kinase activity [11].

Collectively, these findings establish the kinase module as a signal-responsive regula-
tory arm of the Mediator complex that integrates extracellular cues with transcriptional,
metabolic, and DNA repair programs. Disease-associated alterations in CKM compo-
nents frequently operate through aberrant phosphorylation networks rather than dis-
ruption of core Mediator architecture. The demonstrated pharmacological tractability of
CDK8/CDK19, combined with the pleiotropic disease relevance of MED12, MED13, and
CCNC, positions the kinase module as one of the most promising Mediator-derived targets
for therapeutic intervention. Importantly, selective modulation of kinase module activity
offers a strategy to reshape pathological transcriptional states while preserving essential
basal transcription.
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Table 1. Disease- and Function-Associated Landscape of Human Mediator Complex Subunits.

Abbreviations are the same as those used in the legend of Figure 2.

Mediator Module Subunit Core Molecular Function Representative Disease Associations
MED6 Signal tl;;f;gli%nf;;i%ﬁaﬁon of LUAD [28]
MEDS8 PIC formation, Coupling factor [34,35] HCC [32], RCC [33]
MED11 PIC stabilization [37] ND [36]
MED17 Transcription activation [40] 1D [38,39]
Head module MED20 PIC formation [34] ND [41]
MED22 PIC stabilization [37] RF [42], CBT [43], HCC [44]
MED27 T Gractural sabity [5] NDS [45/4]
MED28 Interaction with core Mediator [47] EEL [49]
MED29 Interaction with core Mediator [47] PCH [50], OSCC [51], PaCa [52]
vipo o o e (4] i)
MED1 Association with the meditor [56] BC [54,55]
MED4 Structural integrity [59] CC[57], Rb [58]
Mediator integrity and activated Pol II
MED? Holoenyme psserbly 7], BC 60}, HCC [e1]
Mediator architecture [64]
MED9 Structural integrity [59] CP [65]
Middle module MED10 Structural integrity [59] BlCa [66], HCC [67], AD [68]
MED19 PolllI co-factor [74], Intermodule interactions [75] HCCC[ISE]/[;DZ??B[Z((:); [I;E] (711,
MED21 Mec.iiator integrity and activated Pol II No established monogenic
transcription [62], Holoenzyme assembly [63] human disorder
MED26 Transcriptional G.:lopgation and t.“.ermination [18], No established. monogenic
Transcriptional regulation [76] human disorder
MED31 Mediator architecture [64] PD [78]
MED14 Structural stability [9], Pol Il interaction [79] NCD [80]
MED15 Tail-core interactions [47] CVD [82], RCC [83,84], HNSCC [85]
Tail MED16 Lower tail subunit interaction [47] NDD and ID [87,88]
module MED23 Transcriptional control [91] ID, EPI [89,90]
MED24 Structural conformation [47] NSLC [92]
MED25 Mediator recruitment to genes [94] 1D [93]
CDK8/19 Signal-responsive transcriptional kinase [95] GC [96], BC [97], PCa [98], AML [99]
Cyclin C Activates CDK8/19 [105] B-ALL [104]
Kinase module MED12,/12L Activates CDKS [112] XLID [106], éﬁ;é [[11?07]], PCa [108],
MED13/13L Module tethering [11] CHD [113], NDS [114,115]
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Figure 2. Disease-associated landscape of the human Mediator complex. Schematic representation of

CVD [82], RCC [83, 84], HNSCC [85]

the Mediator complex showing the spatial organization of its four modules Head (green), Middle
(pink), Tail (yellow), and Kinase (blue), and the association of individual subunits with human dis-
eases. Representative disease associations are indicated in the figure. The numbers shown in brackets
correspond to the reference list. Abbreviations: AD, Alzheimer’s disease; AML, acute myeloid
leukemia; B-ALL, B-cell acute lymphoblastic leukemia; BC, breast cancer; BlCa, bladder cancer;
CBT, carotid body tumor; CC, cervical cancer; CHD, congenital heart defects; CP, cardiac pathology;
CRC, colorectal cancer; CVD, cardiovascular disease; EEL, early embryonic lethality; EPI, epilepsy;
GC, gastric cancer; HCC, hepatocellular carcinoma; HNSCC, head and neck squamous cell carcinoma;
ID, intellectual disability; LUAD, lung adenocarcinoma; NCD, neural crest development defect;
ND, neurodegenerative disorders; NDD, neurodevelopmental delay; NDS, neurodevelopmental syn-
dromes; NSCLC, non—small cell lung cancer; OSCC, oral squamous cell carcinoma; PaCa, pancreatic
cancer; PCa, prostate cancer; PCH, pontocerebellar hypoplasia; PD, Parkinson’s disease; RCC, renal
cell carcinoma; RF, renal failure; Rb, retinoblastoma; XLID, X-linked intellectual disability syndromes.

5. Therapeutic Implications and Future Directions

Over the past decade, the Mediator complex—long appreciated as a central coordinator
of transcription—has emerged as a compelling therapeutic target. In particular, research
has converged on specific Mediator modules and subunits whose dysregulation contributes
to disease, revealing actionable vulnerabilities rather than global Mediator failure. Below,
we discuss major therapeutic strategies that have gained momentum in recent years and
consider future directions for translating Mediator biology into clinical intervention.
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5.1. Targeting the Mediator Kinase Module

Among Mediator components, the kinase module has attracted the greatest attention
as a druggable entry point, as summarized in Table 2. In prostate cancer (PCa), recent
studies have identified MED12 as a potential therapeutic vulnerability, suggesting that
selective modulation of this subunit may offer new options for a disease that remains
challenging to treat [117]. Beyond tumor cells, the kinase module also plays a critical role
in shaping immune responses. Deletion of MED12 or CCNC markedly enhances effector
T-cell expansion, cytokine production, metabolic fitness, and persistence under chronic
stimulation—properties that are highly desirable for antitumor immunity [118].

Encouragingly, advances in genome-editing technologies, including CRISPR-Cas9,
zinc-finger nucleases, TALENS, and base editors, are rapidly moving toward clinical ap-
plication, making therapeutic manipulation of kinase module components increasingly
feasible [119]. A major inflection point for the field was the discovery that the natural prod-
uct Cortistatin A (CA) is a highly selective inhibitor of CDK8 and CDK19. This landmark
finding established that Mediator kinase activity is not only druggable but also biologically
consequential in disease models [100]. Subsequent medicinal chemistry efforts have yielded
potent, orally bioavailable CDKS8 inhibitors with promising activity in AML [120].

The therapeutic window for targeting the Mediator kinase module is inherently nu-
anced. CDK8 and CDK19 are required for efficient induction of signal-responsive transcrip-
tional programs, supporting their appeal as targets in signaling-driven cancers. However,
sustained inhibition of CDK8/19 kinase activity elicits adaptive responses, including post-
transcriptional upregulation of core Mediator and kinase-module components, potentially
reshaping basal transcriptional states. Importantly, while small-molecule kinase inhibitors
suppress catalytic activity, they preserve kinase-independent scaffolding functions such as
Cyclin C stabilization, whereas PROTAC-based degraders eliminate both enzymatic and
non-enzymatic functions, offering a mechanistically distinct and potentially more durable
mode of pathway suppression. These considerations argue for carefully tuned dosing,
temporal control, or combination strategies to limit compensatory transcriptional rewiring
while maximizing therapeutic efficacy [121].

5.2. Systemic Toxicity, Off-Target Liabilities, and Context-Dependent Responses
to CDK8/19 Inhibition

Several CDK8/19 inhibitors have been associated with distinct forms of systemic toxi-
city. Chen et al. compared multiple compounds, including Cmpd3 (CCT251921), Cmpd4
(MSC2530818), Senexin B, 16-didehydro-cortistatin A (dCA), and 15w, and found that
only Cmpd4 caused severe developmental toxicity in zebrafish, despite similar nanomolar
CDKS8/19 inhibitory potency among compounds. Kinome profiling revealed that Cmpd3
and Cmpd4 exhibited off-target kinase activities, suggesting that unintended kinase inhibi-
tion contributed to toxicity [122]. In contrast, Clarke et al. reported that two highly selective
CDKS8/19 inhibitors (Cmpd3 and Cmpd4) caused dose-limiting systemic toxicity in mice,
including effects on intestinal epithelium, immune compartments, and stem-cell-associated
tissues, consistent with on-pathway disruption of essential transcriptional programs [123].

5.3. MED19 as a Context-Dependent Oncogenic Dependency Within the Mediator Complex

An emerging therapeutic strategy in transcription-targeted cancer therapy focuses on
selectively perturbing disease-relevant functions of individual Mediator subunits rather
than globally inhibiting the entire complex. Although Mediator acts as an integrated
transcriptional coactivator, increasing evidence indicates that specific subunits can become
preferentially engaged by oncogenic signaling pathways, thereby sustaining pathological
transcriptional programs while remaining partially dispensable for basal gene expression.
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This functional asymmetry creates opportunities to target Mediator subunits that operate
as context-dependent transcriptional dependencies in cancer.

Within this framework, MED19 has emerged as a particularly compelling candidate.
Across multiple tumor types, MED19 plays a disproportionate role in sustaining prolifera-
tive and invasive phenotypes and represents a potential therapeutic target, as summarized
in Table 2. In non-small cell lung cancer, MED19 depletion induces G0/G1 cell-cycle arrest
and enhances sensitivity to cisplatin-induced apoptosis, implicating MED19 in proliferative
control and chemoresistance [124]. MED19 (also known as LCMR1) has also been linked to
melanoma invasion, where it regulates TSPANS expression to promote loss of cell-matrix
adhesion, increased invasion, and tumorigenicity; notably, MED19/LCMRI1 and TSPANS
expression correlate in melanoma lesions and are jointly suppressed by BRAF inhibition,
positioning MED19 downstream of RAF-MEK-ERK signaling [125].

Consistent oncogenic roles for MED19 have been reported in additional malignancies.
In bladder cancer, MED19 is overexpressed and correlates with advanced stage and high
histopathological grade, while its depletion suppresses tumor growth and migration by
attenuating Wnt/3-catenin signaling [73]. Similarly, MED19 is upregulated in breast
cancer cells, where RNAi-mediated silencing induces apoptosis and reduces cell migration
and invasion [126]. Collectively, these findings identify MED19 as a recurrent oncogenic
dependency across diverse cancer contexts.

Taken together, these observations position MED19 as a promising therapeutic node
within the Mediator complex. Defining the molecular interactions and regulatory mech-
anisms that confer MED19-specific oncogenic functions will be critical for the rational
development of MED19-targeted strategies in precision oncology.

Table 2. Therapeutic and Oncogenic Targeting of the Mediator Complex. This table summarizes phar-
macological and genetic strategies targeting the Mediator kinase module and the Mediator subunit
MED19 across multiple cancer types. It integrates evidence on expression patterns, experimental
perturbations, affected cellular phenotypes, implicated signaling pathways, and key references, high-
lighting both therapeutic opportunities and context-dependent oncogenic vulnerabilities within the
Mediator complex.

Mediator Component Drug/Modality Disease Context Mechanism Key Reference
. . suppression of
Cortistatin A (CA), AML; . .
CDK8/CDK19 Synthetic CDKS8 inhibitors  signaling-driven cancers 51gna1—1er1%ced [101,120]
transcription
Degaradation of
CDK8/CDK19 PROTAC AML CDK8/CDK19 via [121]
PROTAC
Genetic Reduced expression of AR
MED12 perturbation (siMED12) Prostate cancer and c-MYC [117]
GD2+ Cancer
MED12/CCNC Genetic deletion (CRISPR) (disialoganglioside) . [118]
immunotherapy models
tumor cells
MED19 Genetic Non-small cell lung GO0/G1 arrest; increased [124]
knockdown/depletion cancer (NSCLC) cisplatin sensitivity
Genetic Reduced proliferation
MED19 suppression (RNAi) Melanoma and migration [125]
Genetic Impaired tumor growth
MED19 suppression (RNAi) Bladder cancer and invasion [73]
Genetic Disrupted
MED19 suppression (RNAi) Breast cancer oncogenic signaling [126]
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6. Perspectives and Future Directions

A decade of intensive research has firmly established the Mediator complex as more
than a passive transcriptional scaffold. Instead, it represents a dynamic regulatory hub
whose modular organization creates selective vulnerabilities exploitable for therapy. Real-
izing this potential will require a multidisciplinary strategy that integrates structural and
chemical biology, multi-omics-based patient profiling, and rational combination therapies
designed to target tumor-specific dependencies while sparing essential transcriptional
programs in normal cells.

Emerging technologies are accelerating this transition. Artificial intelligence-based
protein interaction modeling, coupled with large-scale CRISPR-Cas screening, is enabling
the identification of regulatory “hotspots” within Mediator—nuclear receptor pathways.
These computational approaches can also be applied to clinical datasets to support patient
stratification and therapeutic personalization. A deeper understanding of how Mediator
interfaces with nuclear receptors and other signaling pathways may ultimately yield more
precise treatments for cancer, metabolic disease, and neurological disorders [127].

At the same time, continued integration of biochemical and biophysical assays with
live-cell imaging, genome-wide profiling, and computational modeling is steadily advanc-
ing our understanding of Mediator function. The high degree of evolutionary conservation
across species enables complementary use of diverse model systems: yeast remains invalu-
able for dissecting PPIs [128] and conserved regulatory mechanisms [129], while whole-
organism models such as knockout mice provide essential insights into tissue-specific and
physiological contexts [130].

Looking forward, a central challenge will be to place Mediator within a broader
regulatory framework that extends beyond transcriptional activation alone. Accumulating
evidence points to important roles for Mediator in chromatin organization, genome stability,
and the coordination of signaling networks, suggesting that its contributions to disease may
be both more extensive and more context-dependent than previously appreciated. Defining
how individual subunits and modules participate in these processes—often in a cell type-
or stimulus-specific manner—will be critical for understanding disease mechanisms and
identifying actionable therapeutic nodes.

Future progress will therefore depend not only on deeper mechanistic dissection of
individual Mediator components, but also on integrative strategies that bridge molecular
detail with physiological and clinical relevance. As experimental and computational tools
continue to mature, Mediator research is well positioned to move from descriptive models
toward predictive and translational frameworks, ultimately enabling the rational targeting
of Mediator-dependent vulnerabilities in human disease.
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