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It is broadly acknowledged that physical properties of cancer cells
play a crucial role in all aspects of tumour development, from can-
cer initiation to malignant progression. Aberrant mechanical forces
shape a dynamic interplay between tumour cells, extracellular ma-
trix (ECM) and cells of the tumour microenvironment to promote
cancer cell proliferation, invasion, metastasis and drug resistance.
To this end, recent research efforts are focusing on therapeutically
targeting the mechanical hallmarks of cancer and exploiting these
properties for improved clinical outcomes.! Well-established mech-
anosensitive molecules mediate this interplay, thereby configurating
the processes of mechanotransduction. These mediators encom-
pass membrane receptors such as integrins, downstream kinase
pathways [e.g. the focal adhesion kinase (FAK) signalling pathway]
and transcriptional effectors, dominantly the Yes-associated protein
1 (YAP1) and transcriptional coactivator with PDZ-binding motif
(TAZ) complex. YAP/TAZ are the terminal effectors of the Hippo
signal transduction cascade, which is involved in ECM alterations to
regulate cell proliferation, self-maintenance of stem cells and organ
development. YAP/TAZ trigger the expression of tumour-promoting
genes and are implicated in mechanisms of drug resistance.>™

It has been documented that the physical interaction of the YAP/
TAZ complex with the chromatin-binding histone acetyltransferase
bromodomain-containing protein 4 (BRD4) is essential to perform
this genomic action. BRD4, a well-studied member of the bromo-
domain and extraterminal domain (BET) protein family, is expressed
in a wide range of somatic cells across tissues. It plays an important
role in various physiological processes as demonstrated in mouse
studies where BRD4-null homozygotes do not survive after implan-
tation and BRD4-null heterozygotes display abnormal growth and
several structural deformities.’ Mechanistically, BRD4 functions

as a transcriptional coactivator and is recruited by YAP/TAZ to
acetylate histones H3 and H4, especially promoting the histone
mark H3K122ac. Formation of this complex recruits, in turn, RNA
polymerase Il to enhance the transcriptional activity of the YAP1/
TAZ target proliferation/cell cycle progression-controlling genes, as
well as to dictate further mechanosensing-related transcriptional
events.2%’

The YAP/TAZ/BRD4 complex participates in tumour progres-
sion, angiogenesis, metastasis and resistance to therapy.?* YAP/
TAZ mediate transcriptional addiction in cancer cells, meaning that
YAP/TAZ-dependent gene expression is enriched in tumour cells.
To achieve this, when YAP/TAZ are bound to enhancers, they fa-
cilitate the recruitment of BRD4 on target promoters, ultimately
resulting in increased expression of critical genes. BRD4 inhibition
by BET inhibitors (BETi) has been shown to effectively suppress
downstream gene transcription even when YAP is overexpressed,
suggesting that YAP/TAZ function upstream of BRD4. Conversely,
BRD4's overexpression fails to induce the expression of YAP/TAZ
target genes when YAP/TAZ are absent, demonstrating the tight
reciprocal interplay between these molecular factors of the tran-
scriptional machinery.” In oesophageal adenocarcinoma (EAC),
BRD4 has been found to directly bind to the promoter of YAP1.
YAP1 expression and that of its target genes, such as connective
tissue growth factor (CTGF), SOX9 and cysteine-rich angiogenic in-
ducer 61 (Cyré61), is downregulated when BET proteins are targeted
in EAC cells. BRD4 inhibition also suppresses cancer stem cell
properties and decreases respective aldehyde dehydrogenase 1
(ALDH1) + marked stem cells in radiation-resistant EAC cells. This
effect is augmented following the addition of docetaxel in vitro and

in vivo.® Furthermore, BRD4 is capable of tethering to collagen- and
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calcium-binding epidermal growth factor domain-containing protein 1
(CCBE1) enhancers, a known booster of tumour lymphangiogen-
esis. This interaction is sustained even when mechanosensitive
YAP/TAZ are absent, implying that there is a mechanism for BRD4-
mediated modulation of CCBE1 transcription, which is independent
of the YAP/TAZ-associated transcriptional enhancer factor TEF-3
(TEA domain family member 4, TEAD4) complex.9 In head and neck
squamous cell carcinoma (HNSCC), BRD4 interacts with the YAP1/
TAZ/TEAD transcriptional complex to facilitate expression of on-
cogenes. FAT atypical cadherin 1 (FAT1) is an upstream inhibitor of
YAP1, and its gene harbours frequent mutations in HNSCC. FAT1
mutations are linked to increased nuclear expression of YAP1.
Additionally, suppression of FAT1 expression upregulates the YAP1
transcriptional program and, specifically, the transcription of YAP1
target genes such as CTGF, Cyr61 and ankyrin repeat domain-con-
taining protein 1 (ANKRD1). HNSCC with FAT1 mutations presents
increased sensitivity to BRD4 inhibition, thus offering a potential
predictive marker for a new therapeutic approach.’® BRD4 and
YAP1 also interact in human pancreatic ductal adenocarcinoma to
stimulate the expression of receptor tyrosine kinase-like orphan
receptor 1 (ROR1). ROR1 is highly expressed in cells exhibiting
traits of epithelial-to-mesenchymal transition (EMT). Upon BRD4/
YAP targeting, ROR1 expression is reduced, thereby preventing
cancer cell growth.'* Moreover, BETi display encouraging effects
in uveal melanomas (UMs). Unlike BRAF-mutated cutaneous mel-
anomas (CMs), UMs are generated from somatic activating muta-
tions in guanine nucleotide-binding protein G(q) subunit alpha (GNAQ)
or guanine nucleotide-binding protein subunit alpha-11 (GNA11), en-
coding Gq or G11, respectively. BETi are effective in Gg-mutated
UMs by targeting BRD4, hence suppressing YAP expression.
However, when YAP/TAZ are downregulated, transcription of
BRD4 is reduced only in Gg-mutated cells. This mutual interaction
explains BRD4 effective inhibition in Gg-mutated UMs compared
to BRAF-mutated CM cells and animals. Consequently, there are
potential clinical implications of BRD4 inhibition in Gg-mutated
cancer cell subpopulation.*? In non-small cell lung cancer (NSCLC),
the combination of the small BETi PLX51107 with RAS, RAF or
mitogen-activated protein kinase (MEK) inhibitors represses cell
proliferation, cell viability, induces apoptosis and downregulates
myc transcription in vitro in BRAF and KRAS-mutated cells. The
inhibitory combination also suppresses tumour growth in vivo
in cell line- and patient-derived xenografts. Nevertheless, when
BRAF and KRAS mutations coexist with mutations of the tumour
suppressor serine/threonine kinase 11 (STK11; also known as liver
kinase B1, LKB1), cancer cells develop resistance to this dual inhi-
bition, suggesting a new predictive biomarker to tailor combinato-
rial treatment.

BETi are low-molecular-mass compounds which can target ei-
ther one of the two [bromodomain 1 (BD1) or bromodomain 2 (BD2)]
or both bromodomains (pan-BET bromodomain inhibitors).*4*°
BETi also have the ability to reduce tumour burden selectively by
targeting super-enhancers and, thereby, reduce the transcription
of multiple oncogenes.16 JQ1 is the most frequently tested BETI,

demonstrating the highest binding affinity for BRD4 among all
human proteins containing bromodomains.***>” Preclinical studies
highlight a multitude of developed BETi as promising therapeutic
agents in a broad spectrum of malignancies, with several inhibitors
progressing to clinical trials either as monotherapy or in combinato-
rial regimens.'*!> Dose-limiting toxicities emerge such as anaemia,
neutropenia and gastrointestinal manifestations.'® Notably, how-
ever, compared with their antagonistic antitumor histone deacetyl-
ase (HDAC) inhibitors (e.g. FK228), which present with a wide range
of direct cytotoxicities and can cause various immune alterations
via the expression of costimulatory molecules [e.g. programmed
death-ligand 1 (PD-L1), major histocompatibility complex (MHC), tu-
mour antigens and cytokines],*”?° BETi display mainly thrombocy-
topenia as the most common dose-limiting adverse effect in cancer
patients on monotherapy.21

A number of clinical studies evaluating BETi in various clini-
cal settings are currently in progress and/or have been completed

141522 Besides cancer, apabetalone

(https://clinicaltrials.gov/).
(RVX-208) has progressed in a phase 3 trial against heart failure
following an acute coronary syndrome.?® In the MANIFEST-2
study, pelabresil (CPI-0610) is a small molecule/BETi that is being
tested in combination with ruxolitinib [a Janus kinase (JAK) in-
hibitor] versus placebo plus ruxolitinib in patients with myelofi-
brosis who have never received treatment with JAK inhibitors.
Preliminary results showed significant decrease in spleen vol-
ume and total symptom score with the study advancing to phase
3 trial.'®?* Pelabresil has been also assessed as monotherapy in
phase 1 trials regarding multiple myeloma and progressive lym-
phoma.?> BMS-986158 is a selective BETi that is being tested
in phase 1 trials as monotherapy for paediatric cancer and as
monotherapy or in combination with nivolumab (anti-PD-1) in se-
lected advanced tumours.?® ZEN3694 is being evaluated in phase
1 trials for patients with solid tumours in several combinatorial
regimens, such as with nivolumab with or without ipilimumab
[anti-cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), also
known as CD152], for adult/paediatric patients treated with abe-
maciclib [cyclin-dependent kinase (CDK) inhibitor] or chemother-
apy and those treated with entinostat (HDAC inhibitor). It is also
evaluated in combination with binimetinib (MEK inhibitor) in pa-
tients suffering from solid tumours with RAS alterations and in
triple-negative breast cancer (TNBC), as well as with a PD-1 in-
hibitor (pembrolizumab) and standard chemotherapy in patients
with advanced TNBC. In addition, it has been employed in phase
2 trials for patients with solid tumours and recurrent ovarian can-
cer treated with talazoparib [poly (ADP-ribose) polymerase (PARP)
inhibitor], for patients with metastatic castration-resistant pros-
tate cancer treated with enzalutamide (androgen receptor inhib-
itor) and pembrolizumab?’ and as monotherapy for patients with
squamous cell lung cancer. Molibresib (GSK525762) and birabresib
(MK-8628/0TX015) have been assessed in phase 1/2 studies for
patients with relapsed, refractory hematologic malignancies and
solid tumours exhibiting potent anticancer activity; however,
there were significant toxicities limiting their use.?873% Further
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small molecule/BETi that are currently being evaluated in phase
1/2 trials include TQB3617 in patients with advanced tumours and
NUV-868 as monotherapy and in combination with olaparib (PARP
inhibitor) or enzalutamide in adult patients with advanced solid
tumours (https://clinicaltrials.gov/).

According to the data provided above, application of BETi and
YAP/TAZ/TEAD targeting in preclinical studies demonstrates po-
tential antitumor efficacy.“'“'15 Nonetheless, both BET and YAP/
TAZ inhibition display limited efficacy as monotherapies and seem
to be more effective when they are administered in combinato-
rial therapies overcoming multiple resistance mechanisms. Given
the reciprocal activity of BRD4 with the YAP/TAZ complex, dual
BRD4 and YAP/TAZ inhibition could potentially enhance therapeu-
tic efficacy with respect to mechanosignaling-associated proper-
ties of tumour cells. Experimental data reveal that BRD4 inhibition
can bridle YAP/TAZ overexpression and lead to YAP/TAZ/BRD4-
associated suppression of gene transcription. Therefore, admin-
istration of BETi should be evaluated in preclinical and clinical
studies to overcome resistance or inefficacy of YAP/TAZ/TEAD in-
hibitors.” As a result of the fact that BRD4 demonstrates YAP/TAZ-
independent transcriptional activity, combined YAP/TAZ/BRD4
targeting could also address the full extent of the tumour mecha-
nosignaling-engaged impact on cancer progression.’ As a proof of
concept, preclinical data highlight the efficacy of BRD4 inhibition
when YAP/TAZ/TEAD negative regulators lose their function, im-
plying that BRD4 suppression could be an alternative therapeutic
strategy to diminish YAP/TAZ-induced gene expression.10

In conclusion, although the application of BETi in the clinic
seems promising, their full potential has not yet been realized due
to the lack of satisfactory predictive biomarkers. Additionally, these
pharmacological agents exhibit some notable dose-limiting toxici-
ties, ultimately abating their antitumor effects. The therapeutic po-
tential of BRD4 inhibition lies in combinatorial treatments and dual
BRD4 and YAP/TAZ/TEAD inhibition could be a rational therapeutic
approach to improve clinical outcome. To this end, it is important to
further clarify the molecular mechanisms underpinning BRD4 and
YAP/TAZ interactions in various preclinical and clinical settings and
identify potential predictive biomarkers and alternative routes to

overcome resistance to these chemical modalities.
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