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Abstract: TEA domain transcription factor 4 (TEAD4) is an important member of the 
TEAD family. As a downstream effector of the Hippo pathway, TEAD4 has essential roles in 
cell proliferation, cell survival, tissue regeneration, and stem cell maintenance. TEAD4 
contains a TEA DNA binding domain that binds the promoters of target genes and a Yes- 
associated protein/transcriptional co-activator with PDZ-binding motif (YAP/TAZ) binding 
domain that associates with transcriptional cofactors. TEAD4 coordinates with YAP, TAZ, 
VGLL, and other transcription factors to regulate different cellular processes in cancer via its 
transcriptional output. Moreover, TEAD4 undergoes post-translational modifications and 
subcellular translocations, and both processes have been shown to shed new insights on 
how TEAD transcriptional activity can be modified. In summary, TEAD4 has important roles 
in cancer, including epithelial–mesenchymal transition (EMT), metastasis, cancer stem cell 
dynamics, and chemotherapeutic drug resistance, suggesting that TEAD4 may be a promis-
ing prognostic biomarker in cancer. 
Keywords: TEAD4, Hippo pathway, YAP, cancer, targeted therapy

Introduction
TEAD transcription factors are downstream effectors of the Hippo pathway, and 
they regulate cell proliferation, tissue regeneration, and metastasis.1 In mammals, 
the TEAD family consists of TEAD1, TEAD2, TEAD3, and TEAD4. TEADs are 
widely expressed in different tissues, though each member also shows tissue- 
specific expression, indicating that they have both common functions (regulating 
cell proliferation and contact inhibition)1–3 and distinct functions (heart 
development,4 neural development,5 and trophectoderm lineage determination).6–8

TEAD4, also known as transcriptional enhancer factor-3 (TEF-3), is a key 
member of the TEAD family. TEAD4 is highly expressed in skeletal muscle, initial 
studies focused on its role in blastocyst formation6 and reported that TEAD4 is 
required for specification of the trophectoderm lineage in preimplantation 
embryos.6–8 Recently, TEAD4 was demonstrated to be a novel prognostic marker 
of gastric cancer,9 breast cancer,10 colorectal cancer,11 melanoma,12 laryngeal 
cancer,13 and head–neck squamous cell carcinoma.14 Apart from its role in the 
canonical Hippo–YAP/TAZ pathway, other studies have reported its participation in 
post-translational modifications,9,15 crosstalk between cancer-related signaling 
pathways,16 and cancer-causing mutations.17,18 In addition, targeting upstream 
molecules in the Hippo pathway may bring about unwanted side effects.3 Thus, 
TEAD4 is an ideal druggable target for cancer. This review highlights the important 
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roles of TEAD4 in cancer biology and provides new 
insights into TEAD4 regulation in cancer.

Structure of TEAD4
TEAD is a downstream transcriptional factor in the Hippo 
pathway. However, TEAD does not exhibit transcriptional 
activity in the absence of critical cofactors.19 The C-terminal 
YAP/TAZ binding domain of TEAD, which with high iden-
tity across all TEAD family members, associates with tran-
scriptional cofactors such as YAP, TAZ, and VGLL.1 The 
structure of TEAD4 is shown in Figure 1A. The YAP/TAZ 
binding domain of TEAD4 contains an immunoglobulin-like 
fold, whereas the N-terminus of the coactivator YAP inter-
acts with TEAD4 through two helixes and an intervening 
loop that contains the PXXΦP motif (X, any residue; Φ, 
hydrophobic residue) to trigger transcriptional activity 
(Figure 1B).18,20 Interestingly, the TAZ binding domain can 
associate with TEADs through two distinct mechanisms. In 
the first mechanism, TAZ binds to TEAD4, which is similar 
to the binding of YAP to TEAD4, and this binding involves 
helix α1, helix α2, and a loop in between (Figure 1B). In the 

second mechanism, two TAZ molecules straddle two TEAD 
molecules to form a heterotetramer (Figure 1C).21

The N-terminal DNA binding domain of TEADs is evo-
lutionarily conserved.22 The DNA binding domain, which is 
responsible for TEAD–YAP/TAZ complex formation and 
transcriptional regulation, was initially reported to bind the 
M-CAT (5ʹ-CATTCCT-3ʹ) regulatory element of the simian 
virus 40 (SV40) enhancer and to activate transcription.23,24 

The DNA recognition helix, namely, the α3 helix, determines 
the specificity of the TEA domain binding to a DNA 
sequence. By structure-guided biochemical analysis, two 
binding sites were identified at the interface of the TEAD4– 
DNA complex, with the sites binding to the minor and major 
grooves of DNA, respectively (Figure 1D).17

Regulatory Mechanism of TEAD4 in 
Cancer
Role of TEAD4 in the Hippo–YAP/TAZ 
Pathway
The Hippo pathway is evolutionarily conserved in mam-
mals, where it regulates cell fate and tissue growth.25,26 

Figure 1 (A) The overall structure of TEADs. TEADs consist of a TEA DNA binding domain (blue) and a YAP/TAZ binding domain (yellow). The percent represents the 
identity for each domain of TEADs compared to that of TEAD1. (B) YAP binds to TEAD4 via two short helixes and an extended loop containing the PXXΦP motif. TAZ 
interacts with TEAD4 in a similar manner to the binding of TEAD4-YAP. (C) Two TAZ molecules straddle two TEAD molecules to form a heterotetramer. (D) The α3 helix 
of the TEA domain (green) binds to the M-CAT DNA duplex (grey).  
Notes: Images Figure 1B and C are adapted from Kristal Kaan HY, Chan SW, Tan SKJet al Crystal structure of TAZ-TEAD complex reveals a distinct interaction mode from that of 
YAP-TEAD complex. Sci Rep. 2017;7(1):1–11. 10.1038/s41598-017-02219-9. Creative Commons license and disclaimer available from: http://creativecommons.org/licenses/by/4.0/ 
legalcode.21 Figure 1D reproduced from Holden JK, Cunningham CN. Targeting the hippo pathway and cancer through the TEAD family of transcription factors. Cancers (Basel). 
2018;10 (3). 10.3390/cancers10030081. Creative Commons license and disclaimer available from: http://creativecommons.org/licenses/by/4.0/legalcode.20
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YAP and TAZ are critical effectors in the Hippo pathway.25 

When phosphorylated by upstream kinases LATS1 and 
LATS2, YAP and TAZ accumulate in the cytoplasm and 
cannot bind TEAD, which induces their ubiquitin-mediated 
proteolysis and autophagy-induced degradation.25,27 Upon 
dephosphorylation, YAP and TAZ translocate to the 
nucleus, where they interact with TEADs to drive the tran-
scription of a variety of target genes involved in cell pro-
liferation, metastasis, and apoptosis.1 Importantly, 
approximately 80% of TEAD4-bound promoters and 
enhancer regions were found to overlap with YAP and 
TAZ.28 Similar findings were also reported for their para-
logs TEAD1 and TEAD2,28–30 indicating the important 
roles of YAP and TAZ as TEAD coactivators.

YAP and TAZ are paralogs that have similar domain 
structures and partially redundant functions.31 Specifically, 
they exhibit differences in their physiological functions 
and downstream targets.31,32 It was reported that YAP 
inhibition had a stronger influence than TAZ inhibition 
on a variety of cellular processes such as cell spreading, 
cell volume control, glucose uptake, cell proliferation, and 
cell migration.31 Furthermore, a recent study revealed that 
TAZ, but not YAP, formed biomolecular condensates 
through liquid–liquid phase separation to compartmenta-
lize TEAD4, coactivators, and the elongation machinery, 
which included BRD4, MED1, and CDK9, to efficiently 
and specifically activate transcription.33

Downstream targets extend the roles of the TEAD–YAP/ 
TAZ complex in the regulation of cancer stem cell renewal, 
tumorigenesis, cell metastasis, epithelial–mesenchymal tran-
sition (EMT), and tissue growth. In addition to well-studied 
TEAD target genes, such as CTGF, CYR61, and AXL,29 it 
was reported that survivin,34 vimentin,11 MYC,35 MMP9,36 

IGFBP-5,37 and SOX238 are directly targeted by the 
TEAD4–YAP/TAZ complex (Figure 2).

Interaction with VGLL Proteins
The vestigial-like (VGLL) family consists of four mem-
bers, VGLL1-4, all of which contain a TONDU domain 
that associates with TEADs.39 VGLL1 and VGLL4 were 
demonstrated to compete with YAP for direct binding to 
TEAD416,37,40,41 (Figure 2).

The structure of the VGLL1–TEAD4 complex has 
been determined. Although the primary sequence of 
VGLL1 is different from those of YAP and TAZ, 
VGLL1 similarly binds to TEAD4, interacting with the 
same region of TEAD4. In addition, the VGLL1–TEAD4 
complex upregulates the expression of IGFBP-5, thereby 

facilitating anchorage-independent prostate cancer cell 
proliferation.37 In another study, the VGLL1–TEAD4 
complex was reported to be regulated by PI3K/AKT/β- 
catenin signaling, which activated the transcription of 
MMP9, a key molecule that promotes gastric cancer cell 
proliferation and metastasis.36 Furthermore, VGLL4 inhi-
bits the formation of the YAP–TEAD complex and nega-
tively regulates its activity in lung carcinogenesis.42 

TEAD4 was reported to directly bind to TCF4, a transcrip-
tion factor in the Wnt/β-catenin pathway, thereby forming 
a complex with target genes, whereas VGLL4 was demon-
strated to associate with the TEAD4–TCF4 complex to 
inhibit the transcriptional activation of TCF4 and 
TEAD4. Collectively, these findings reveal a novel 
mechanism for VGLL4 in the co-regulation of Hippo and 
Wnt pathways.16 In summary, VGLL1 functions as a 
TEAD4 coactivator and facilitates cell proliferation, as 
well as metastasis, whereas VGLL4 functions as a tumor 
suppressor and positively correlates with overall survival.

Cooperation with Transcription Factors
The results of recent high-throughput binding assays 
revealed that transcriptional factor cooperativity is a com-
mon cellular phenomenon,43 which has greatly enhanced 
our understanding of the interplay between transcription 
factors. As previously discussed, TEAD4 interacts with 
TCF4 to form a complex for cobind target genes.16 IRF3 
is a member of the interferon regulatory transcription 
factor (IRF) family, which associates with the YAP– 
TEAD4 complex in the nucleus where it binds and regu-
lates a variety of target genes such as CTGF, CYR61, and 
AXL.44 In addition, ERα is one of two main types of 
estrogen receptor, and it is also a key transcription factor 
in breast cancer.45 The YAP–TEAD4 complex co-regulates 
ERα for estrogen-regulated enhancer activation, indicating 
that a non-canonical TEAD4 mechanism is responsible for 
breast cancer growth.10 On the other hand, activator pro-
tein-1 (AP-1, a dimer of JUN and FOS) is a transcription 
factor and proto-oncogene.46 By ChIP-seq analysis, AP-1 
was demonstrated to co-occupy chromatin with the 
TEAD–YAP/TAZ complex and to promote breast cancer 
cell proliferation.28 Further studies reported that the 
TEAD4–AP1 complex is widespread across a broad 
range of tumors including neuroblastoma, colon cancer, 
lung cancer, and endometrial cancer.47 The TEAD4–AP1 
complex also regulates the activity of the Dock-Rac/ 
CDC42 module and activates target genes that promote 
cell migration and invasion.47 In summary, TEAD4 can 
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cooperatively bind DNA and transcription factors, which 
stabilizes the transcriptional complex (Figure 2).

Other Hippo-Independent Mechanisms
There is convincing evidence on the roles of YAP and TAZ as 
TEAD coactivators. However, there are few studies on the 
role of TEAD4 in cancer independent of YAP and TAZ. In 
breast cancer, for instance, glucocorticoids promote nuclear 
translocation and transcriptional activation of TEAD4. At the 
same time, glucocorticoids activate the glucocorticoid recep-
tor, thereby forming a complex that is recruited to the 
TEAD4 promoter to upregulate its expression, indicating 
that glucocorticoid receptor signaling triggers the activation 
of TEAD4 in a Hippo-independent manner. In addition, the 
glucocorticoid receptor-TEAD4 complex mediates cell sur-
vival, metastasis, and chemotherapeutic drug resistance both 
in vitro and in vivo.48 Moreover, TEAD4 promotes EMT and 

the expression of vimentin, which enhances the role of 
TEAD4 in colorectal cancer cell shape and migration. 
However, YAP knockdown in colorectal cancer cells did 
not abolish the expression of vimentin, and YAP could not 
regulate EMT and metastasis.11 Taken together, these find-
ings provide new insights into the roles of YAP in different 
types of cancers.

Molecular Mechanisms Determining 
TEAD4 Activity
Subcellular Localization
The nuclear accumulation of TEAD4 is essential for its ability 
to mediate transcriptional activation.1 Therefore, it is neces-
sary to identify the factors involved in the nucleocytoplasmic 
shuttling of TEAD4. A variety of conditions can inhibit the 
activity and restrict the localization of YAP and TAZ to the 
cytoplasm such as serum starvation,49 energy stress,50,51 and 

Figure 2 The regulatory mechanisms of TEAD in cancer biology. Upstream Hippo signaling pathway and downstream transcriptional outputs of TEAD4. TEAD4 associates 
with transcriptional factors such as TCF-4, ERα, AP-1, and IRF3 to enhance the stability of the transcriptional complex. The TEAD4 transcriptional outputs play critical roles 
in cancer progression, metastasis as well as stem cell maintenance. VGLL proteins directly compete with YAP for TEAD4 binding. Tead4 is the unique member of the TEAD 
family to localize to the mitochondrion and maintain mitochondrial energy homeostasis. TEAD4-S is a truncated isoform of TEAD4 spread in both the nucleus and 
cytoplasm, which inhibits proliferation and EMT in cancer cells.
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PKA activation.49 However, these stimuli cannot affect the 
cellular localization of TEADs. By contrast, environmental 
stress, such as osmotic stress, cell detachment, and cell crowd-
ing, can drive the cytoplasmic translocation of TEADs. 
Importantly, environmental stress can induce the cytoplasmic 
translocation of TEADs through p38 MAPK in a Hippo- 
independent manner.52 Interestingly, a truncated isoform of 
TEAD4 (TEAD4-S), which lacks an N-terminal DNA binding 
domain, is regulated by RBM4 and located in the nucleus and 
cytoplasm with no obvious preference. In cancer cell lines, 
TEAD4-S can inhibit proliferation and EMT, whereas in vivo, 
it can improve overall survival.53 Another recent study 
reported that TEAD4 is a unique member that localizes to 
mitochondria where is functions in energy homeostasis54 

(Figure 2). In cells in which TEAD4 has been knocked out, 
YAP activators, such as serum and LPA, cannot induce YAP 
nuclear accumulation and dephosphorylation. Therefore, a 
manipulation of localization of TEAD in cells with high 
YAP activity may serve as a therapeutic approach.52

Post-Translational and Epigenetic 
Modifications
Post-translational modifications (PTMs) are generally enzy-
matic and covalent modifications of proteins after 
biosynthesis.55 Examples of the different types of PTMs are 
phosphorylation, glycosylation, ubiquitination, acetylation, 
and lipidation, and are all involved in cancer development.56 

However, the post-translational modifications of TEAD4 are 
poorly understood. TEAD palmitoylation has recently 
attracted significant attention as a novel type of 
modification.15,57,58 Palmitoylation involves the attachment 
of a fatty acid (palmitate) to cysteine residues. In TEADs, 
palmitoylation can regulate protein trafficking, membrane 
localization, and signaling.59 The palmitate moiety binds to 
a hydrophobic cavity known as the “central pocket”, and it 
can accommodate small molecules.58 TEAD1 palmitoylation 
is required for its association with YAP and TAZ,57 and 
TEAD2 palmitoylation is needed for its stability.15 

Interestingly, TEAD4 palmitoylation was reported to 
enhance its stability, but it was not a prerequisite for its 
interaction with YAP and TAZ.58 TEAD depalmitoylation 
is regulated by enzymes, including APT2 and ABHD17A. 
Furthermore, TEAD4 depalmitoylation causes instability 
and subsequent degradation through the E3 ubiquitin ligase 
CHIP.60

Epigenetic modifications are stably inherited pheno-
type alterations in which the DNA sequence is unchanged. 

Examples of this modification are DNA methylation and 
histone modifications.61 Epigenetic modifications can 
silence tumor-related genes and induce cancer develop-
ment and progression.62 In gastric cancer, TEAD4 was 
reported to be hypomethylated, and a correlation exists 
between the methylation level and the clinical overall 
survival.9 However, the precise mechanism of TEAD4 
methylation is still unknown.

Functional Role of TEAD4 in Cancer
There is convincing evidence to indicate that TEAD4 has 
roles in cancer development. Figure 3A shows the TEAD4 
expression profile across paired tumor and normal tissues 
from GEPIA (http://gepia.cancer-pku.cn). TEAD4 was upre-
gulated in most tumor tissues, indicating that it is a potential 
prognostic biomarker. In addition, TEAD4 is involved in 
multiple stages in cancer (Figure 3B). EMT is a physiological 
process in which epithelial cells lose their adhesive ability, 
cell polarity is marked by decreased E-cadherin expression, 
and migration and invasion are triggered.63 Thus, EMT is a 
hallmark of metastasis.63,64 In colorectal cancer, TEAD4 
overexpression affects vimentin expression, thereby promot-
ing EMT and metastasis.11 In head–neck squamous cell 
carcinoma, decreased TEAD4 expression inhibited cell pro-
liferation, migration, and invasion, as well as triggered cell 
apoptosis, whereas increased TEAD4 expression caused 
EMT. Furthermore, TEAD4 is required for TGF-β1-induced 
EMT,14 indicating that EMT is a prerequisite for metastasis. 
EMT can also affect the self-renewal and differentiation of 
cancer stem cells, thereby resulting in cancer development 
and progression.63 The TEAD4–TAZ complex can also bind 
to the promoter of SOX2 and modulate cancer stem cell self- 
renewal in head–neck squamous cell carcinoma.38 

Consistent with the findings above, TEAD4-induced metas-
tasis is common in gastric cancer,36 breast cancer,48 lung 
cancer,42 and colorectal cancer.11 This is plausible as cancer 
cells that undergo EMT detach, traverse the basement mem-
brane, enter the bloodstream, and disseminate elsewhere for 
metastatic colonization.63 TEAD4 can also induce che-
motherapeutic drug resistance.16 In summary, as the key 
effector of the Hippo pathway, TEAD4 and its transcriptional 
output promote cell proliferation and cancer development.

Targeted Therapy
Targeting Upstream Kinases
As a promising prognostic marker, increased TEAD4 
expression correlates with poor overall survival. 
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Therefore, it is critical to develop anticancer therapies that 
target TEAD4. One potential strategy to suppress TEAD4 
expression is to target upstream kinases. However, the 

design of small molecule kinase inhibitors is not straight-
forward as most kinases upstream of TEAD4, such as 
LATS1/2 and MST1/2, are tumor suppressors.25,65,66 

Figure 3 (A) TEAD4 expression profile across all tumor samples and paired normal tissues. (B) Functional roles of TEAD4 in multiple stages of cancer progression. TEAD4 
has essential functions in promoting metastasis, EMT, cancer stem cells, and chemo-resistance.  
Note: Figure 3A is graphed by GEPIA (http://gepia.cancer-pku.cn).
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Metformin is used to treat type 2 diabetes, but it has 
recently emerged as a magic bullet for cancer therapy. 
Metformin can suppress bladder cancer cell proliferation 
by upregulating AMPK and downregulating YAP–TEAD4 
expression.67 Other studies have reported MST/LATS acti-
vation but TEAD–YAP/TAZ complex inhibition by small- 
molecule drugs.49,68,69 Furthermore, there is extensive 
crosstalk between different signaling pathways, and target-
ing upstream kinases can affect other pathways, which can 
cause side effects.3

Targeting the TEAD4–YAP/TAZ Complex
Presently, it is more feasible to target TEAD4 directly for 
cancer therapy.70 A structural study has reported the pre-
sence of a central palmitate-binding pocket in the YAP/ 
TAZ binding domain of TEAD that is highly druggable 
due to its enclosure and hydrophobicity. A fragment screen 
revealed that the TEAD4 pocket can bind small-molecule 
inhibitors such as flufenamic acid and niflumic acid.71 

Another study has reported the development of com-
pounds with a conserved cysteine that can bind to the 
TEAD4 pocket, thereby resulting in allosteric inhibition 
of TEAD4.72 Similarly, VGLL4 is a YAP antagonist for 
TEAD4 binding in colorectal cancer,16 gastric cancer,41 

and lung cancer.42 On the other hand, a mutation of the 
TEA domain has been demonstrated to abolish the asso-
ciation of TEAD4 with target genes, impairing TEAD4 
transcriptional activity, indicating that the TEAD–DNA 
interplay is also a druggable target.17 Furthermore, verte-
porfin can suppress the progression of ovarian cancer73 

and inhibit the tumorigenic characteristics of gastric can-
cer stem cells by suppressing the TEAD–YAP interaction.-
74 Amlexanox can target IRF3 to inhibit gastric cancer 
progression,44 but targeting the cooperative transcription 
factors of TEAD4 requires further investigation.

Targeting Non-Coding RNAs
Non-coding RNAs (ncRNAs) are RNAs that are not trans-
lated into proteins, including microRNAs (miRNAs), short 
interfering RNAs (siRNAs), long non-coding RNAs 
(lncRNA), and circular RNAs (circRNAs).75 Non-coding 
RNAs regulate the expression of oncogenes and tumor 
suppressors, making them novel targets for chemotherapy.-
76 Recently, studies have reported crosstalk between 
TEAD4 and ncRNAs. For instance, several miRNAs 
were identified to be involved in the inhibition of 
TEAD4 in gastric cancer and lung cancer.72–79 

Additionally, TEAD4 can activate lncRNA MNX1–AS1 

to promote gastric cancer progression through EZH2/ 
BTG2 and miR-6785-5p/BCL2 axes.80 The greatest 
advantage of ncRNA-based therapies over other 
approaches is their ability to target multiple genes in a 
variety of pathways, thereby making them efficient regu-
lators of several cellular processes.81 It might be feasible 
to target ncRNAs upstream of TEAD4 because the tran-
scriptional output of oncogenes can be inhibited. Although 
the application of miRNA mimics is in Phase I clinical 
trials, there are several obstacles such as low-efficiency 
cellular uptake, off-target effects, and unexpected immune 
responses. Therefore, further studies are needed to over-
come these challenges and to promote the clinical devel-
opment of ncRNA-based therapies for cancer.76 It would 
be interesting to determine if ncRNA therapies can be 
combined with a targeted therapy involving the TEAD4– 
YAP/TAZ complex to optimize efficacy, reduce side 
effects, and avoid chemotherapeutic drug resistance.

Conclusions and Future 
Perspectives
In this review, we highlighted the structure, mechanism, 
and function of TEAD4 in various aspects of cancer devel-
opment and progression such as EMT, drug resistance, and 
stem cell maintenance. Numerous studies have shown that 
TEAD4 interacts with the Hippo–YAP/TAZ pathway, 
VGLL proteins, and other transcription factors, thereby 
targeting downstream genes. However, YAP/TAZ-inde-
pendent mechanisms that regulate TEAD4, such as gluco-
corticoids, post-translational modifications, and 
nucleocytoplasmic shuttling, require further studies.

It can be speculated that promoting the cytoplasmic 
translocation of TEAD4 might inhibit its transcriptional 
activity. Therefore, pharmacological agents are in need to 
prevent TEAD4 from entering the nucleus. Equally impor-
tant, the identification of a hydrophobic palmitate-binding 
pocket in the YBD of TEAD4 has received much attention 
because it can be targeted by flufenamic acid and niflumic 
acid, resulting in allosteric inhibition of TEAD4. Apart 
from this, ncRNAs can serve as drug targets in cancers 
overexpressing TEAD4, but the main challenge is to 
improve the efficiency of cellular uptake and reduce side 
effects. Some oncogenic ncRNAs are also expressed in 
normal tissues to modulate other physiological functions, 
so specific delivery systems are required to reduce the 
dysregulation of biological processes. Moreover, there 
are not reliable carriers to enable ncRNA therapeutics to 
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target hardly-accessible tissues such as solid tumors. To 
date, targeting the TEAD4–YAP/TAZ complex seems to 
be the most attractive therapeutic approach because target-
ing downstream molecules of the Hippo pathway does not 
affect upstream components. Hence, further studies are 
needed to understand the similarities and differences 
between YAP and TAZ in terms of their structure, locali-
zation, mechanisms, and downstream targets. It will be 
interesting to determine which would be the optimal ther-
apy in specific conditions, or if combined approaches can 
promote overall survival.
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