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Abstract

Dynamics of Ω loop site

Results
Before virtual screening, flufenamic acid was redocked to test
the protein model. Interestingly, the orientation of the benzoic
acid group of the top score pose (magentas stick) is different
from that in crystal structure (cyan stick), with the phenyl group
fit in the induced pocket. As the docking pose can fit the electron
density map (yellow mesh line) reasonably, we hypothesized
that it is a plausible binding pose.

The biological functions of Hippo pathway are executed by the
downstream transcriptional coactivators YAP/TAZ, which shuttle
between the cytoplasm and the nucleus and have to interact with
TEADs for transcription activation. YAP/TAZ are master
transcription factors widely activated in human cancers to
promote cancer initiation, progression, metastasis and therapy
resistance. Dysregulation in Hippo pathway and YAP/TAZ-TEADs
transcriptional activity is pervasively associated with various types
of cancers, including mesothelioma, squamous cell cancers, liver
cancer and lung cancer, making YAP/TAZ attractive targets for
cancer therapy. Therefore, inhibition of YAP/TAZ oncogenic activity
by blocking YAP/TAZ-TEADs interaction is an effective approach for
cancer treatment. In this study, we aim to discover small molecule
inhibitors that bind to TEADs and disrupt YAP/TAZ-TEADs
interaction for cancer therapy.
With superposition of all the available crystal structures of four
TEAD subtypes, we found the YAP Ω loop binding site of TEADs is
relatively rigid (of backbone atoms), but the side chain flexibility
affects the shape of the binding site significantly. Notably, in some
TEAD2 structures, K301 (K274 of TEAD1) adopts an open
conformation with a flufenamic acid binding in the induced
pocket. By virtual screening of a fragment library, binding of a hit
compound to TEAD1 was confirmed by 1D-NMR. A few new
compounds were designed and synthesized by structurally
merging the hit and flufenamic acid. Their binding was confirmed
by 1D-NMR, SPR and HTRF. Crystal structure of the representative
compound 1 confirmed the predicted binding mode. With further
medicinal chemistry efforts, we have discovered a series of novel
YAP/TAZ-TEAD PPI inhibitors bound in the Ω loop site of TEAD1.

Rationale
Competition of YAP binding to TEAD directly is highly desirable for
PPI inhibition. Although binding affinity of YAP/TEAD is tight (Kd =
18 nM), alanine scan indicates that alanine replacement of some
residues can reduce the binding affinity by 20 to 1500 fold. These
hotspots are populated at the Ω loop site of TEAD1.
Conformational changes in Ω loop site observed in crystal
structures (e.g. PDB 5DQ8, 5DQE) expose a small hydrophobic
pocket beside Trp303, thus shapes a more druggable binding site.
Binders in this induced pocket will compete with YAP directly.

Based on the available crystal structures, we combined CADD,
biophysics and biochemical experiment to identify a strong binder
of Ω loop site.

Some virtual screening hits were selected for test. One of the
compounds (thereafter “VS hit”) showed 1D-NMR STD signal, and
was confirmed by SPR (KD=754 μM). Its docking pose (yellow stick)
partially overlaps with the docking pose of flufenamic acid, making
it ideal to merge the two compounds.
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By structurally merging the VS hit and flufenamic acid, two new compounds 1 and 2 were designed and synthesized. Both compounds
showed significant 1D-NMR STD binding signal, and were confirmed by SPR to have improved binding affinity. The compounds were
further evaluated by HTRF assay to demonstrate their ability to disrupt the PPI between TEAD1 and YAP peptide. Compound 2 showed
inhibition of PPI, and the crystal structure of compound 1 validated the docking pose in the induced pocket of Ω loop site.
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Material & Methods
Crystal structure analysis
All the available crystal structures of four TEAD subtypes were
superposed and grouped by RMSD using PyMOL.
Virtual screening
A fragment library of about 1000 compounds were docked to the
Ω loop site of 5DQ8 by AutoDock Vina.

Flufenamic acid

Merging

Compound 1

1D-NMR
STD

Crystal
structure
Yes

1

264

517

>200

Yes

2

318

411

47.7

Yes

2

Compound 2

1D-NMR
Binding of compounds to human TEAD1 was performed using
Saturation Transfer Diffusion (STD) analysis on a Bruker Avance III
HD 600 MHz NMR spectrometer.
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SPR
The affinity between of compounds and human TEAD1 were
measured by surface plasmon resonance (SPR) on a Biacore T200
instrument with CM5 sensor chip.
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HTRF
Compounds were tested for effect on YAP-TEAD protein-protein
interaction through HTRF.
Crystallography
Co-crystal structure of TEAD1-compound 1 was obtained by
soaking 10mM compound 1 into pre-existing crystals of apoTEAD1.
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Conclusion
Combining CADD and biophysics methods, a series of YAP/TEAD PPI inhibitors with moderate potency were generated, and were
confirmed to bind in the Ω loop site. The compounds have high ligand efficiency and can serve as good starting points to develop potent
drug-like YAP/TAZ inhibitors for cancer treatment.

