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Inhibition of CDK7 is a promising strategy for cancer ther-
apy. CDK7 so far has been understood mainly in the con-
text of Pol II-driven transcription. However, how are the
roles of CDK7 in the “basal” transcriptional machinery
reconciled with the function of CDK7 as inducer of specif-
ic transcriptional programs in tumor cells? In this issue of
Genes&Development, Cho and colleagues (pp. 53–71) ad-
vance in this direction, demonstrating that attenuation of
CDK7 fosters the oncogenic activity of the YAP/TAZ/Yki
coactivators. CDK7 directly phosphorylates YAP/TAZ/
Yki in the nucleus, protecting them from ubiquitination
and degradation, in amanner independent from the Hippo
cascade and independent fromCDK7 basal transcriptional
functions.

Tumorigenesis is the product of dysregulated gene ex-
pression programs controlling proliferation, fate plastici-
ty, and epithelial–stromal interactions (Bradner et al.
2017). Thus, a bewildering array of genetic and epigenetic
events must eventually converge on the basal transcrip-
tional machinery, generating “addictions” that may be
targeted therapeutically. This may be particularly impor-
tant for tumor types lacking targeted therapies, such as
triple-negative breast cancer (TNBC), or for tumor stages
for which definitive driver mutations may not exist,
such as metastasis. That said, a key unanswered question
is in fact the molecular nature of these transcriptional ad-
dictions: by what signaling cascades and what transcrip-
tional effectors?

One popular model posits that tumor cells set high de-
mands on RNA polymerase II (Pol II) itself and its basal
transcriptional machinery, warranting the disproportion-
ally high levels of gene expression thought to be required
to support the enhanced proliferation and high metabolic
demands that typify cancer cells (Bradner et al. 2017). The
corollary of thismodel is that general transcription factors
may represent cancer “Achilles’ heels” in plain sight and,

as such, targets of anti-cancer therapies. A paradigm ex-
ample is the vulnerability of certain tumors to a “tran-
scriptional therapy” mediated by drugs targeting the
BRD4 coactivator, bridging Pol II to histone acetylation
at promoters and enhancers (Shi and Vakoc 2014). The
function of cyclin-dependent kinase7 (CDK7) seems an-
other poster child of this model: This kinase is a subunit
of TFIIH, directly phosphorylating the Pol II C-terminal
domain and supporting Pol II function throughout its tran-
scriptional cycle, from promoter clearance to termination
(Fisher 2019). Intriguingly, small molecule inhibitors of
CDK7 (CDK7-i), such as THZ1, have been shown to be ef-
fective in inhibiting the growth of leukemia and different
solid tumors, including TNBC, leading to activation of a
key set of genes (Wang et al. 2015; Fisher 2019). In these
studies, the effectiveness of CDK7-i has been readily at-
tributed to the well-established functions of CDK7 in
boosting Pol II transcription. However, such a “basal tran-
scriptionalmachinery”model suffers from some inconsis-
tencies: If CDK7 fuels the cancer phenotype through Pol
II, how is cancer-specific regulation of gene expression
achieved? Tumor cells indeed express their unique and pe-
culiar set of genes, and not just a much higher dosage of
the same genes expressed by normal cells. Moreover,
there is no reason to think that CDK7 inhibitors would
be effective only toward highly expressed genes and not
lowly expressed genes equally essential for cancer growth.
Consistently, CDK7 inhibitors are also effective against
inflammatory conditions (Fisher 2019), a scenario again
speaking in favor of great selectivity in target gene activa-
tion by such “general” transcription cofactors.

In this issue ofGenes &Development, Cho et al. (2020)
make advances concerning these outstanding issues by
proposing a radically different model for CDK7 function
that indeed explains how this kinase connects to cancer-
specific gene expression programs. They discovered that
CDK7 in fact fosters the activity of YAP/TAZ, potent on-
cogenic transcriptional activators well known for their
role in cellular mechanotransduction and Hippo signaling
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(Totaro et al. 2018). This function of CDK7 is independent
from its basal roles in transcription and cell cycle progres-
sion and can be genetically uncoupled from TFIIH.
Downstream from oncogenic signaling, YAP/TAZ acti-

vation is widespread and pervasive in a vast array of hu-
man solid malignancies and their murine models,
promoting proliferation, gain-of-stemness attributes, and
chemoresistance (Zanconato et al. 2019). The relevance
of YAP/TAZ in cancer cells is in stark contrast to their dis-
pensability in healthy tissues and normal physiology. Tar-
geting YAP/TAZ thus promises to display a broad
therapeutic window effective against tumor cells while
sparing normal cells from the toxicities typically associat-
ed with chemotherapy, and is indeed an area of intense in-
vestigation. Thus, the work of Cho et al. (2020) suggests
that CDK7 inhibitors may indeed serve as anti-YAP/
TAZ drugs and could explain why CDK7 represents a
selective vulnerability of cancer cells.
Cho et al. (2020) started their investigation taking ad-

vantage of Drosophila genetics, screening by RNAi for
modifiers of tissue overgrowth caused by overexpression
of Yki, the fly homolog of mammalian YAP/TAZ. After
identifying CDK7, they first validated the requirement
for Yki function of cyclin H and Mat1, factors that regu-
late CDK7 substrate recognition, but not of Xpd1, which
normally bridges the CDK7/cyclin H/Mat1 complex to
TFIIH. Next, the investigators extended their findings in
mouse models carrying liver-specific conditional inacti-
vation of theHippo kinases (e.g.,MST1/2). These deficien-
cies cause YAP/TAZ nuclear localization, leading to
aberrant proliferation of liver cells, conversion of hepato-
cytes into progenitor (oval) cells, and overall increased liv-
er size (Zhou et al. 2009). Remarkably, treatment with the
CDK7 inhibitor THZ1 alleviated these YAP/TAZ-driven
responses. Thus, CDK7 regulates YAP/TAZ in a manner
ostensibly independent of Hippo signaling. This conclu-
sion is corroborated by results in Drosophila, where the
investigators failed to detect any epistatic relationships
between CDK7 and Hippo mutants, and with active Yki
mutants insensitive to Hippo regulation remaining sensi-
tive to CDK7 knockdown.
Mechanistically, CDK7 acts in the nucleus by directly

phosphorylating YAP in an evolutionary conserved ser-
ine, corresponding to human S128 (i.e., S169 in Droso-
phila Yki), as visualized in vivo with phospho-specific
antibodies and reproduced in vitro with purified proteins
(Fig. 1). Supporting in vivo the relevance of CDK7–YAP/
TAZ/Yki phosphorylation, a TNBC cell line expressing
a YAP S128Dmutant—i.e., mimicking CDK7 phosphory-
lation—once injected in recipient mice generates tumors
that are refractory to pharmacological CDK7 inhibition.
Curiously, the activating phosphorylation in S128 is in
stark contrast to the repressive phosphorylation mediated
in the preceding residue, YAP S127, by the cardinal Hippo
kinase LATS/Wts (Totaro et al. 2018).
How can YAP/TAZ/Yki phosphorylation by CDK7 in-

duce their transcriptional responses? Cho et al. (2020) pro-
pose that this step protects nuclear YAP/TAZ/Yki from
ubiquitination mediated by the E3 ubiquitin ligase
CRL4DCAF12 followed by their clearance through protea-

somal degradation (Fig. 1). What is less clear in this mech-
anistic segment of the study is the in vivo relevance of
CRL4DCAF12, as Drosophila CRL4DCAF12 inactivation is,
by itself, inconsequential for tissue growth. There are
some plausible technical and biological explanations for
this discrepancy; for example, CRL4DCAF12 knockdown
may leave sufficient protein for Yki degradation. In addi-
tion, other E3 ligases of the DCAF family may overlap
and compensate for loss of CRL4DCAF12. Thus, additional
experiments are required to firmly establish mechanisms
of and players in a nuclear YAP/TAZ/Yki degradation. Ir-
respective of these considerations, Cho et al. (2020) shed
light on the so far underexplored regulations of YAP/
TAZ/Yki in the nucleus, adding a positive, oncogenic reg-
ulatory tier mediated by CDK7, potentially balancing nu-
clear YAP/TAZ inactivation by sequestration into
ARID1A-containing SWI/SNF tumor-suppressive com-
plexes (Chang et al. 2018).
Previouswork noted how the effects of CDK7 inhibitors

on gene expression correlated with transcriptional regula-
tion of genes controlled by superenhancers; the latter rep-
resent a restricted set of enhancer regions bound by the
BRD4 coactivator and able to drive high-level of target
gene transcription (Wang et al. 2015; Bradner et al.
2017). The mechanisms of the intriguing CDK7–superen-
hancer correlation have remained obscure thus far, but
may be potentially connected to the present CDK7–YAP
axis. Recent work has indeed revealed that BRD4-mediat-
ed transcriptional addiction in different cancer cells is also
dependent on YAP/TAZ,which recruits BRD4 at high lev-
els at YAP/TAZ-bound enhancers and superenhancers
(Zanconato et al. 2018). Thus, a potential unifying

Figure 1. Nuclear localization of YAP/TAZ/Yki is inhibited by
Hippo signaling and by conditions associated with reduced me-
chanical signaling, such as adhesion to a soft extracellular matrix
and to a small adhesive area, and by postconfluent cell density.
Nuclear localization of YAP/TAZ/Yki is favored by a spread
cell shape, adhesion to a stiff extracellular matrix, or other forms
ofmechanical strains. In this issue ofGenes&Development, Cho
et al. (2020) propose that nuclear YAP/TAZ/Yki requires activa-
tion by CDK7, that directly phosphorylates YAP/TAZ/Yki in
an Hippo-independent manner. This step prevents YAP/TAZ/
Yki degradation by CRL4DCAF12. CDK7 thus promotes nuclear
YAP/TAZ/Yki activity, leading to their association with cognate
enhancers, recruitment of BRD4 to the same cis-regulatory ele-
ments, and activation of specific gene expression programs. See
the text for details.
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scenariomay be one in which CDK7would sustain nucle-
ar YAP/TAZ/Yki, securing their binding at cognate en-
hancer sites, in turn leading to BRD4 accrual; this would
lead to Pol II recruitment of specific andYAP/TAZ-addict-
ed gene expression programs. Clearly, this possibility re-
mains speculative.

In sum,Cho et al. (2020) highlight a number of potential
novelties in the regulation of YAP/TAZ/Yki, shed light on
the mechanisms of CDK7 transcriptional addictions in
cancer cells, and open exciting scenarios for future
investigations.
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