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ABSTRACT: The transcription factor YAP−TEAD is the downstream effector of the Hippo pathway which controls cell
proliferation, apoptosis, tissue repair, and organ growth. Dysregulation of the Hippo pathway has been correlated with carcinogenic
processes. A co-crystal structure of TEAD with its endogenous ligand palmitic acid (PA) as well as with flufenamic acid (FA) has
been disclosed. Here we report the development of HC-258, which derives from FA and possesses an oxopentyl chain that mimics a
molecule of PA as well as an acrylamide that reacts covalently with TEAD’s cysteine. HC-258 reduces the CTGF, CYR61, AXL, and
NF2 transcript levels and inhibits the migration of MDA-MB-231 breast cancer cells. Co-crystallization with hTEAD2 confirmed that
HC-258 binds within TEAD’s PA pocket, where it forms a covalent bond with its cysteine.
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Transcriptional enhanced associate domain (TEAD)
proteins are the final effectors of the Hippo pathway,

which controls cell proliferation, apoptosis, migration, organ
growth and size, tissue homeostasis, and wound healing.1−4

Although they can bind to DNA via their N-terminal DNA-
binding domain (DBD), TEAD proteins cannot initiate gene
transcription, as they lack an activation domain. TEADs must
therefore associate with yes-associated protein (YAP) via their
YAP-binding domain (YBD) to form a transcriptionally active
YAP−TEAD complex.5 The mammalian TEAD protein family
contains four members, named TEAD1−4, that share a high
degree of homology in their DBD and YBD domains.
Activation of the pathway results in the phosphorylation of

YAP and its degradation in the cytoplasm. Conversely,
inactivation leads to the translocation of unphosphorylated
YAP in the nucleus, where it interacts with TEAD to initiate
the transcription of genes such as CTGF, Axl, Cyr61, and
NF2.6,7

Aberrant Hippo activity has been observed in a wide variety
of human cancers8−12 and silencing of the YAP-inducible genes
in TEAD knockdown confirmed that the Hippo pathway is a

valid target for drug discovery,13 in particular for the
development of anticancer drugs.14−16

Among all the components of the Hippo pathway, TEAD is
generally considered to be the most druggable17,18 due to the
formation of three interfaces that result from the wrapping of
YAP around TEAD19,20 and the presence of a deep
hydrophobic pocket which is occupied by a molecule of
palmitic acid (PA) covalently bound to a conserved cysteine.21

A decade ago, a team at Roche showed that small cyclic
peptides mimicking the YAP sequence involved in interface 3
could bind to TEAD to prevent its interaction with YAP and
reduce tumor growth in BEL-7404 xenograft mouse.22,23
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Other peptides were then reported, but their development
was compromised by poor biophysical properties.24 Recently, a
small compound that inhibits the transcriptional activity of
TEAD through similar binding mechanisms was reported.25

In 2015, Pobbati found that the binding of flufenamic acid
(FA) (1) or niflumic acid (NA) (2) in TEAD’s PA pocket
reduces the transcriptional activity and proliferation of
HEK293 cells (Figure 1A).26 FA also reduced the expression
of the Hippo-responsive genes NF2 and Axl in MCF10A cells
that express a Hippo refractory mutant of YAP. Two years
later, Wu reported that MGH−CP1 (3) also binds in the PA
pocket, thus inhibiting TEAD palmitoylation, preventing its
interaction with YAP and reducing the expression of CTGF
and Cyr61 in HeLa, JHH7, and HuH7 cells.27,28 Since then, a
myriad of other molecules that bind reversibly within TEAD’s
PA pocket to affect its activity have been disclosed.29−32

In 2021, we described the design of TEAD inhibitor LM98
(4), where a hexyl chain that mimics PA was grafted to FA and
a fluorine was added ortho to the carboxylic acid.33 LM98
reduced the expression of CTGF and Cyr61, inhibited the
migration of MDA-MB-231 breast cancer cells, and arrested
the cell cycling in the S phase during cell division. Recently, we
also reported that the phenyl derivative LM41 (5) leads to a
much stronger reduction of expression of TEAD-related genes
and inhibition of MDA-MB-231 cancer cell migration
compared with FA.34

The presence of a conserved palmitoylated cysteine in
TEAD35 inspired many groups to design compounds that

modulate its activity by reacting covalently with this residue.
Once considered highly undesirable, covalent inhibitors have
recently seen a surge in popularity.36−38 The first covalent
TEAD inhibitor, TED-347 (6), was reported by Meroueh in
2019 (Figure 1B).39 TED-347 formed a covalent adduct with

TEAD’s cysteine, reduced the expression of CTGF in HEK-293
cells, inhibited the cell viability of patient-derived glioblastoma,
and prevented the TEAD4−YAP1 protein−protein interaction
in a fluorescence polarization (FP) assay. Other covalent
TEAD inhibitors have since been published, including DC-
TEADin02 (7),40 MYF-01-037 (8),41 K975 (9),42 compound
11 (obtained by elimination of phenylaniline from 10),43 DC-
TEAD3in03 (12),44 MYF-03-176 (13),45 and TED-642
(14).46 During the preparation of this Letter, Meroueh
reported additional chloroacetamide TEAD inhibitors.47

Covalent TEAD inhibitors have also been reported in
numerous patents.48

The fact that various compounds targeting TEAD have
recently entered clinical studies in humans�IAG933 from
Novartis (NCT04857372), VT3989 from Vivace Therapeutics
(NCT04665206), and IK-930 from Ikena Oncology
(NCT05228015)�clearly demonstrates the strong interest
for YAP−TEAD as a target for drug development.

Figure 1. Selected (A) reversible and (B) covalent TEAD inhibitors
that bind in the palmitic acid pocket.

Figure 2. Generic structure of targeted covalent TEAD inhibitors with
selected covalent acceptors.

Figure 3. (A) Model compounds 15a−d used to verify the alignment
of the projected covalent groups with TEAD’s cysteine within the PA
pocket. (B) Docking of 15a (in blue) and 15b (in yellow) in the YBD
of hTEAD2. (C) Docking of 15c (in pink) and 15d (in green) in the
YBD of hTEAD2.
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In 2017, we initiated a program aimed at designing a
covalent TEAD inhibitor that would derive from FA and
incorporate structural features gathered en route to LM98 and
LM41. Conceptually, we targeted compounds of general
structure 15 where the FA scaffold would be substituted
with an alkyl chain at C3′ in lieu of the trifluoromethyl group
and where a chemical acceptor at C1 or C6 would replace the
carboxylic acid (Figure 2). While many covalent groups were
considered, we opted for an α-chloroamide and an acrylamide,
which should easily react with TEAD’s cysteine.
To evaluate the positioning of the covalent groups within

the PA pocket of TEAD, we docked the model compounds
15a (where the acetamide would be replaced by an α-
chloroamide) and 15b in the YBD of hTEAD2 (Figure 3A).
We also docked the meta isomers 15c and 15d to verify which
connectivity would lead to an optimal orientation of the

covalent group within the pocket. The docking poses show that
the sulfur of TEAD cysteine should be situated 5.0 Å away
from the amide’s methyl carbon of 15a and 4.4 Å from the β-
carbon of the acrylamide of 15b (Figure 3B).
In the case of meta-amide isomer 15c, a distance of 8.1 Å

between the cysteine’s sulfur and the amide’s methyl was
calculated (Figure 3C). However, this distance might be
misleading, as the docking positioned the amide’s oxygen
toward the cysteine’s sulfur at 6.7 Å. Thus, rotation of the
amide in the penultimate α-chloroamide should bring the
reactive chloromethylene closer to the thiol. Finally, the
cysteine’s sulfur was calculated to be at a distance of 4.2 Å from
the β-carbon of the meta-acrylamide isomer 15d. These
docking studies suggest that our proposed compounds should
react covalently with TEAD’s cysteine.

Figure 4. (A) Covalent compounds 16−19 deriving from LM98 (4). (B) Determination of Kdisp through a fluorescence polarization (FP) assay
using bodipy-PA. (C) Effect of compounds 17−19 on CTGF, Axl, Cyr61, and NF2 gene expression levels, as measured by RT-qPCR after 48 h
treatment of serum-starved MDA-MB-231 breast cancer cells with either 10 μM compound or vehicle (DMSO).

Scheme 1. Attempts at Reducing the Reactivity of (A) HC-320 (17) and (B) HC-310 (19) by Modifying the Acrylamide Group
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We then prepared compounds HC-322 (16), HC-320 (17),
HC-312 (18), and HC-310 (19) (Figure 4A) and verified by
HRMS whether they formed a covalent adduct with TEAD4.
In this event, complete formation of a covalent adduct was
observed with each compound, with the exception of 17, which
only led to partial formation of the covalent adduct (see the
Supporting Information for details).
To confirm that these compounds bind in the PA pocket of

TEAD4, we evaluated their ability to displace bodipy-PA in an
FP assay (Figure 4B). While Kdisp values in the low-micromolar
range were measured for compounds 17−19, only partial

displacement (∼80%) was found for 16, leading us to eliminate
this compound.
The ability of compounds 17−19 to reduce the expression

of TEAD-associated genes CTGF, Axl, Cyr61, and NF2 in
MDA-MB-231 cells was then evaluated by qPCR (Figure 4C).
Results show that acrylamides 17 and 19 lead to a strong
reduction of all genes. However, visual inspection of the cells
indicated that these two compounds were cytotoxic at 10 μM.
Although no cytotoxicity was observed for 18, this compound
only had a moderate effect on the expression of CTGF and

Figure 5. (A) Covalent compounds 25−27 and control compound 28. (B) Determination of Kdisp through a fluorescence polarization assay using
bodipy-PA. (C) Effect of compounds 25−28 on CTGF, Axl, Cyr61, and NF2 gene expression levels, as measured by RT-qPCR after 48 h treatment
of serum-starved MDA-MB-231 breast cancer cells with either 10 μM compound or vehicle (DMSO).

Figure 6. Effect of FA (1), HC-258 (26), AF-864 (27), and AF-857 (28) on MDA-MB-231 breast cancer cell migration after 48 h of treatment
with 10 μM compound or vehicle (DMSO). Data are representative of two independent experiments that were performed in triplicate (error bars
represent SEM).
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Cyr61 and no impact on Axl and NF2, forcing us to search for
alternative compounds.
Wondering if the acrylamide function in 17 was responsible

for the cell toxicity, we attempted to temper its reactivity by
adding two methyl groups at the β-position of the olefin,
resulting in compound 20 (Scheme 1), which unfortunately
did not form a covalent bond with TEAD4. We then turned
our attention to the meta isomer 19 and repeated the exercise,
affording compound 21, which was also unable to form a
covalent adduct with TEAD4.
Cyclopropanes are known to be good alkene replacements,

mainly due to the partial sp2 character of their carbon atoms.49

Therefore, we prepared cyclopropyl derivative 22 with the
hope that alignment of the cyclopropane’s σ* orbitals with the
catalytic cysteine’s SH group would result in the formation of a
covalent bond. Unfortunately, no covalent adduct could be
detected between 22 and TEAD4.
Attaching only one methyl group at the β- or α-position of

19, as in 23 and 24, also inhibited the reaction with TEAD.
Thus, another solution had to be found to generate a
compound that would form a covalent adduct with TEAD,
displace bodipy-PA, and reduce TEAD-associated gene
expression without being cytotoxic.
In our program en route to LM98, we found that replacing

one of the methylenes from the hexyl chain directly connected
to the scaffold by an oxygen improved the biophysical
properties of the molecule while also retaining the apparent
affinity to TEAD. Therefore, we prepared the pentyloxy
compounds HC-280 (25), HC-258 (26), and AF-864 (27)
and found by HRMS that the first two molecules resulted in
complete formation of a covalent adduct with TEAD4 (Figure
5A). Similarly to 17, partial covalent bond formation was
observed with the analogous derivative 27. Compounds 25 and
26 completely displaced bodipy-PA with Kdisp constants
around 3 μM, while a Kdisp greater than 20 μM was calculated
for 27 (Figure 5B). Once again, acrylamides 26 and 27 led to a
much stronger reduction of gene expression than α-

chloroamide 25 (Figure 5C). Because it reduced the
expression of all genes, HC-258 was superior to 27, which
had a moderate impact on Cyr61. None of the compounds
were toxic at the concentration used for the qPCR experiment.
Control compound AF-857 (28) that possesses a simple

acetamide was also prepared to investigate the impact of
forming a covalent bond with TEAD on gene expression. As
expected, 28 did not form a covalent bond with TEAD4.
However, an ΔTagg of 2.5 °C was measured at 25 μM in a
differential static light scattering (DSLS) thermal shift assay,
confirming that 28 binds to TEAD4. Control compound 28
gave a much higher Kdisp value than 25 or HC-258 and had
almost no impact on gene expression, confirming the
importance of the covalent bond in HC-258. With a Kdisp of
3.6 μM and a strong reduction in the transcription of all genes,
covalent TEAD inhibitor HC-258 was now our frontrunner in
this program.
Next, we evaluated the ability of HC-258 to inhibit MDA-

MB-231 cell migration (Figure 6). The isomeric compound 27
was utilized as a comparison, FA (1) was utilized as a
reference, and 28 was utilized as a control. Our results show
that HC-258 leads to a much stronger reduction of cell
migration than FA or the control compound 28, both of which
had no impact on migration. Unexpectedly, compound 27 had
a moderate impact on cell migration, even though it only led to
partial covalent bond formation with TEAD4 and had a Kdisp >
20 μM in the FP assay.
We then used a nanoluciferase (nanoLuc) bioluminescence

resonance energy transfer assay (nanoBRET) to characterize
the YAP−TEAD interaction disruption in cells. In this assay,
the target protein TEAD1 is fused to a nanoLuc tag and YAP is
tagged with a Halo-tag, which covalently binds to a
chloroalkane fluorophore that generates a measurable signal
only when the two proteins are in close proximity.50

Compounds HC-258 and AF-857 (28) at 10 μM did not
diminish the nanoBRET signal and thus did not disrupt the
YAP−TEAD interaction in cells (Figure S1).

Figure 7. (A) Co-crystal structure of HC-258 (26) (PDB code 8PUY) in orange with hTEAD2217−447 overlaid over PA in deep purple. (B) Co-
crystal structure of AF-864 (27) (PDB code 8PUX) in cyan with hTEAD2217−447 overlaid over PA in deep purple. (C) Stacking of HC-258 (26) in
orange and AF-864 (27) in cyan. (D) Stacking of HC-258 (26) in orange and AF-864 (27) in cyan; alternative view.
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To determine the binding of HC-258, we next performed
cocrystallization experiments with hTEAD2217−447. The ortho
isomer 27 was also cocrystallized to identify variations in the
binding mode that might explain the differences in biological
profiles. Both compounds crystallized in space group C2 with
excellent resolution (2.2 Å for HC-258 and 2.05 Å for 27). The
X-ray cocrystal structures confirmed that both compounds
bind in the PA pocket and that they form a covalent bond with
TEAD cysteine 380 (Figure 7A,B). As anticipated, both
compounds overlapped very well with PA, thus efficiently
filling the pocket. Stacking of HC-258 and 27 showed that the
two compounds bind very similarly, even though the
acrylamide is connected at a different position relative to the
NH linker (Figure 7C,D). Moreover, no major variation in the
position of the TEAD residues was observed with both
compounds. Thus, the binding of HC-258 and 27 cannot
provide an explanation for the difference in activity observed in
the biological assays. Other factors, such as cell penetration,
might also come into play and should be investigated in the
future.
In summary, we report the development of HC-258, a

covalent TEAD inhibitor derived from FA. HC-258 incorpo-
rates a pentyloxy chain that was previously discovered in our
program en route to LM98 and utilizes an acrylamide as a
covalent warhead. HRMS showed that HC-258 forms a
covalent bond with TEAD, while cocrystallization studies
confirmed that it reacts with Cys380 and that it binds within
the PA pocket. HC-258 displaced bodipy-PA in an FP assay
with a low-micromolar Kdisp, reduced the expression of CTGF,
Axl, Cyr61, and NF2 in a qPCR experiment, and strongly
inhibited the migration of MDA-MB-231 breast cancer cells.
HC-258 might serve as a tool compound to further study the
role of TEAD in the development of cancer.
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