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Introduction

The transcription factor TEAD (TEA/ATTS domain) was first 
identified as a nuclear protein that had the ability to bind and acti-
vate transcription from the SV40 enhancer.1 Later TEAD is also 
shown to bind human papillomavirus-16 (HPV-16) enhancer and 
activate the HPV-16 oncogenes E6 and E7.2 TEADs are evolu-
tionarily conserved proteins and TEAD orthologs can be found in 
all vertebrates, invertebrates and even in single celled eukaryotes. 
TEADs play a pivotal role in development and TEAD expression 
is already detected in a 2-cell stage embryo.3 TEADs are required 
for cardiogenesis,4 myogenesis5 and for the development of neu-
ral crest,6 notochord7 and trophoectoderm.8 In mammals, there 
are four genes encoding four homologous members of the TEAD 

*Correspondence to: Ajaybabu V. Pobbati and Wanjin Hong;  
Email: ajaybabuvp@imcb.a-star.edu.sg and mcbhwj@imcb.a-star.edu.sg
Submitted: 11/28/12; Revised: 01/25/13; Accepted: 01/25/13
http://dx.doi.org/10.4161/cbt.23788

TEAD proteins are transcription factors that are crucial 
for development, but also play a role in cancers. Several 
developmentally and pathologically important genes are 
upregulated by TEADs. TEADs have a TEA domain that enables 
them to bind specific DNA elements and a transactivation 
domain that enables them to interact with coactivators. TEADs 
on their own are unable to activate transcription and they 
require the help of coactivators. Several TEAD-interacting 
coactivators are known and they can be classified into three 
groups: (1) YAP and its paralog TAZ, (2) Vgll proteins and 
(3)  p160s. Accordingly, these coactivators also play a role in 
development and cancers. Recent studies have shown that 
TEADs and their coactivators aid in the progression of various 
cancers, including the difficult to treat glioblastoma, liver and 
ovarian cancers. They facilitate cancer progression through 
expression of proliferation promoting genes such as c-myc, 
survivin, Axl, CTGF and Cyr61. There is also a good correlation 
between high TEAD or its coactivator expression and poor 
prognosis in various cancers. Given the fact that TEADs and 
their coactivators need to work together for a functional 
outcome, disrupting the interaction between them appears 
to be a viable option for cancer therapy. Structures of TEAD-
coactivator complexes have been elucidated and will facilitate 
drug design and development.
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family and they are named TEAD1–4. Each TEAD gene has a 
distinct but not mutually exclusive expression pattern. Almost all 
tissues express at least one of the TEAD genes and some express all 
four of them. The function of the TEAD genes could be deduced 
from gene inactivation studies performed in mice. TEAD1 null 
mutation is embryonic lethal and the mutant mice suffer from 
severe heart defects.4 TEAD1 facilitates the expression of cardiac-
specific genes and thereby it has been proposed that TEAD1 is 
important for the differentiation of cardiac muscle. Intriguingly, 
in TEAD1 null mutant embryos, only the cardiac muscle growth 
but not its differentiation is affected. In the case of TEAD2, there 
have been conflicting reports about its function. In one study, 
defects in neural tube closure were observed,9 whereas in another 
study, the TEAD2 null embryos appeared normal.10 There is 
also some functional redundancy between TEAD1 and TEAD2 
because the TEAD1 and TEAD2 double mutant embryos exhib-
ited defects that are more severe than either TEAD1 or TEAD2 
single mutant embryos.10 TEAD4 inactivation in mice severely 
affected the specification of trophectoderm,8 a precursor of pla-
centa. As a result these embryos fail to implant, this appears to 
be the prime function of TEAD4 because embryos develop nor-
mally when function of TEAD4 is disrupted after implantation. 
Knockout studies have not been reported for TEAD3.

All the four TEAD genes have the same domain architecture 
(Fig. 1). In the N-terminus, there is a DNA-binding TEA/ATTS 
domain that adopts a homeodomain fold (Fig. 1B).11 Biochemical 
and functional studies have revealed that TEA domain binds 
DNA elements such as 5'-GGAATG-3' and this element is seen 
in the SV40 enhancer and in the promoter regions of TEAD 
target genes.1,11-13 The C-terminal region of TEAD adopts an 
immunoglobulin-like β-sandwich fold (Fig. 1C).14 This domain 
recruits transcription coactivators and therefore could be consid-
ered as a “transactivation” domain. TEAD on its own is unable 
to induce gene expression and it was already deduced from initial 
studies that TEADs require additional factors or coactivators for 
gene expression.15 Coactivators do not bind DNA; they pair with 
transcription factors and activate transcription. Coactivators 
generally have activation domains that facilitate their interaction 
with the basal transcription or chromatin remodeling machin-
ery. Basal transcription machinery is a set of proteins that are 
required for the transcription of all genes, whereas the chromatin 
remodeling machinery decondenses the chromatin and makes it 
more conducive for the initiation of transcription. Several TEAD 
interacting coactivators have been identified and they can be 
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downregulated in other breast cancer types and in renal or bladder 
cancers (www.oncomine.org). Interestingly, a recent study recon-
ciles this seemingly opposing roles of TEADs in cancers by show-
ing that both up and downregulation of TEAD causes increase in 
the expression of anti-apoptotic protein Livin.20 Livin expression 
appears to favor cancer progression. Genetic studies also show that 
TEADs promote cell proliferation and inhibits apoptosis.10 It is 
becomingly increasingly clear that TEAD-interacting coactiva-
tors are also dysregulated in various cancers. The scenario is more 
convincing in the case of YAP and TAZ and is emerging in the 
case of Vgll proteins. Several human cancers are probably caused 
by their hyperactivity and inhibiting their function appears to be 
a viable option for future anticancer therapy.

YAP and Its Paralog TAZ

The coactivator YAP (Yes-associated protein) is evolutionarily 
conserved; with the exception of nematodes, YAP orthologs are 

classified into three broad groups: (1) YAP and its paralog TAZ, 
(2) Vgll proteins and (3) p160 family of nuclear receptor coacti-
vators. Activation domains are seen in YAP/TAZ16 and p160.17 
The activation domain in YAP and TAZ may potentially bridge 
them with the basal transcription and chromatin remodelling 
machinery in order to activate transcription whereas the activa-
tion domains of p160 is shown to recruit proteins that facilitate 
chromatin remodeling. Vgll proteins on the other hand do not 
appear to have any activation domains and the molecular mecha-
nism as to how they activate transcription is not known.

TEADs are also involved in human cancers; TEADs are 
responsible for the overexpression of mesothelin gene, a well-
known tumor marker.18 In prostate cancers, high TEAD1 
expression correlates with poor clinical outcome.19 There is also 
up to a 300-fold increase in TEAD1 levels in Kaposi sarcoma 
(www.ebi.ac.uk/gxa).20 Increased TEAD expression is also seen 
in basal-like breast cancers,21,22 fallopian tube carcinoma23 and 
germ cell tumors.24 On the other hand, TEAD1 expression is 

Figure 1. Domain architecture of TEAD and its coactivators. (A) TEADs have a N-terminal TEA domain that binds DNA and a C-terminal transactiva-
tion domain that binds coactivators. YAP and TAZ have N-terminal TEAD-binding motif, one or two WW domains, which is followed by an activation 
domain. In Vgll proteins, the only recognizable feature is the Vestigial (Vg) motif and Vgll4 unlike other Vgll proteins, has two Vg motifs. Vg motif 
facilitates interaction with TEAD. Domain architecture of SRC1, a p160 coactivator, is shown. It interacts with TEAD through its N-terminal bHLH-PAS 
domain and it interacts with nuclear receptors through its NID (nuclear receptor interacting domain). In the C-terminus p160 has two activation 
domains. Ribbon diagram representation of TEA (B) and transactivation (C) domains of TEAD are shown. TEA domain adopts a homeodomain fold and 
the transactivation domain adopts an immunoglobulin-like β-sandwich fold.
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YAP-containing 11q22 amplicon is frequently observed in several 
human tumors. High levels of YAP are observed in human liver 
tumors and YAP is a key driver of tumorigenesis.39,40 High YAP 
levels are also seen in about 15% of ovarian cancers and it corre-
lates with poor patient prognosis.41 Similarly, there is also a good 
correlation between high YAP expression and poor prognosis in 
non-small cell lung cancer and esophageal squamous cell carci-
noma.42,43 YAP overexpression is also seen in medulloblastoma,44 
intracranial ependymoma,45 and oral squamous cell carcinoma.46 
Additionally Yorkie, the drosophila homolog of YAP promotes 
the expression of Myc.47 YAP also plays a role in human colorec-
tal cancer progression.35,48 The Hippo insensitive YAP mutant, 
when overexpressed, promotes proliferation of undifferentiated 
progenitor cells in the intestine.35 However, it has been shown 
recently that a restricted overexpression of this mutant in the 
intestinal epithelium actually causes a reduction in the number 
of progenitor cells.49 Under these conditions YAP acts as a tumor 
suppressor and it counters the proliferative Wnt signals.

TAZ increases the expression of several genes that promotes 
mesenchymal differentiation in malignant glioma.50 As a result 
the cells lose their epithelial properties such as presence of polarity, 
intercellular junctions and acquire mesenchymal or stem cell-like 
properties. Tumors with high TAZ levels are more invasive and 
metastatic and therefore difficult to treat. TAZ also plays a role in 
migration, invasion and tumorigenesis of breast cancer cells and 
is overexpressed in about 20% of human breast cancers.51 TAZ 
and its downstream transcriptional targets CTGF and Cyr61 also 
contribute to Taxol resistance in breast cancer cells.52 TAZ also 
contributes to the oncogenesis of non-small cell lung cancer.53 
Furthermore, TAZ-CAMTA1 (calmodulin-binding transcription 
activator) fusion gene arising due to chromosomal translocation 
has been implicated to cause epitheloid hemangioendothelioma, 
a vascular sarcoma.54,55 Apart from this gene fusion, all other 
YAP and TAZ-mediated tumorigenesis is due to overexpression. 
Intriguingly we are yet to document activating mutations in YAP 
and TAZ, although one study showed that TAZ mutation is asso-
ciated with basal-like breast cancer metastasis.56 YAP and TAZ 
need to pair with TEADs to upregulate several genes that promote 
tumorigenesis and therefore molecules that disrupt this interac-
tion are attractive drugs to treat cancers that overexpress YAP and 
TAZ. Recently, using a screen containing FDA-approved drugs 
the compound verteporfin has been shown to have the ability to 
disrupt YAP-TEAD interaction and thereby reduce YAP-induced 
cell proliferation.57 Verteporfin is able to induce conformational 
change in YAP, which subsequently prevents its interaction with 
TEAD. Recently, it has been shown that GPCRs have the ability 
to activate YAP and TAZ.58,59 Familial and activating mutations 
in GPCRs have been linked to human cancers.60 It is possible that 
these cancers are caused due to the activation of YAP and TAZ. 
In such scenarios it should be possible to use GPCR antagonists to 
inhibit the activity of YAP and TAZ.

However, in specific circumstances, YAP also acts as a tumor 
suppressor. Under conditions that cause DNA damage, YAP 
pairs with the transcription factor p73 and improves its ability to 
induce apoptosis.61,62 YAP also acts as a tumor suppressor in the 
intestinal epithelium.49

found in all metazoans and even in premetazoans.25 TAZ (tran-
scription coactivator with PDZ-binding motif) on the other hand 
is seen only in vertebrates.25 YAP and TAZ have a N-terminal 
TEAD-interacting motif followed by WW domain. Depending 
on the isoform, YAP has either one or two WW domains,26 
whereas almost all the isoforms or orthologs of TAZ have a single 
WW domain. At its C-terminus YAP and TAZ have an activation 
domain, which is followed by a C-terminal PDZ-binding motif 
(Fig. 1). To date, eight isoforms of YAP have been identified in 
humans.26 They were all generated through alternative splicing, 
which results in either a loss of WW domain or an alteration in the 
activation domain. Interestingly, alternative splicing also generates 
a leucine zipper in the activation domain of YAP.26 Leucine zipper 
could potentially help YAP to homodimerize or to interact with 
other leucine zipper containing proteins. Leucine zippers are also 
used by transcription factors to bind DNA.27 But the crucial basic 
residues that usually contacts DNA in leucine zippers are absent in 
YAP. This might seriously undermine YAP’s ability to bind DNA. 
There have been no reports of TAZ isoforms in humans but two 
TAZ isoforms are reported in mice. Interestingly, there is a TAZ 
isoform in medaka fish that has two WW domains and the affin-
ity between TAZ and its interacting proteins is increased in the 
presence of this additional WW domain.28

Evolutionary distance between two orthologs of a gene is cal-
culated based on the number of amino acid or nucleotide sub-
stitutions. A strong correlation, correlation coefficient r = 0.85, 
p = 1.1 × 10-16, is seen in the evolutionary distances of YAP and 
TEAD orthologs. This indicates that YAP and TEAD genes have 
coevolved and there is a strong selection pressure for YAP and 
TEAD to interact with each other.25 Furthermore the residues 
that are crucial for maintaining YAP-TEAD interaction are con-
served throughout evolution. This underscores the functional 
relationship between YAP and TEAD and the importance of 
their interaction. YAP, like TEAD, also plays an important role 
in development. YAP knockout mice embryos do not survive 
past E8.5.29 In the case of TAZ, the knockout mice survive until 
adulthood but suffer from polycystic kidney disease and emphy-
sema.30-32 YAP and TAZ are potent promoters of cell proliferation. 
They pair with TEADs and upregulate the expression of several 
growth promoting factors. The most important among those are 
the CCN family secretory proteins CTGF and Cyr6113 and also 
proteins such as Ki67, receptor tyrosine kinase Axl,33 c-myc and 
survivin.34 YAP is also involved in the organ size maintenance. 
The effect of YAP levels on organ size varies among organs; the 
most sensitive is the liver. YAP overexpression in liver increases 
liver size by over 5-fold and the normal liver size is restored when 
the YAP expression is attenuated.34,35 In mouse liver, a sustained 
YAP overexpression from birth also results in hepatocellular car-
cinoma. YAP also helps the embryonic stem cells to maintain 
their stemness and YAP downregulation leads to cell differentia-
tion.36 YAP and TAZ along with TEADs are the prime effectors 
for the physiologically important Hippo pathway.37 There is also 
a crosstalk between YAP/TAZ and other signaling pathways such 
as TGF-β, Wnt, hedgehog and JAK-STAT.38

YAP and TAZ are also bona fide oncogenes and their upreg-
ulation is seen in several human cancers. Amplification of 
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to activate muscle-specific genes. In addition to TEADs, Vgll2 
also interacts with myocyte enhancer factor-2 (MEF2) and acti-
vates MEF-2 dependent gene expression. MEF2 is a transcription 
factor that is distinct from TEADs but also plays a crucial role 
in myogenesis. TEADs and MEF-2 are also shown to interact 
with each other through their DNA-binding domains, although 
the functional importance needs to be defined.68 Vgll2 acts as 
a coactivator for two important myogenic transcription factors, 
fittingly; knocking down Vgll2 attenuates myogenic differentia-
tion in pluripotent 10T1/2 and C2C12 cell lines.69 Apart from 
myogenesis Vgll2 has also been shown to play a role in neural 
crest cell survival and in the development of neural crest derived 
craniofacial skeleton.70

Vgll3, also called VITO-2, is predominantly expressed in the 
placenta. Its expression is also seen in the skeletal muscle, heart, 
kidney, brain and liver. Vgll3 expression is repressed by notch/
delta pathway and is activated by myogenic factor-5 and Vgll3 
could also play a role in myogenesis.71 Vgll3 also inhibits the dif-
ferentiation of adipocytes.72 The interaction between Vgll3 and 
TEADs is not biochemically characterized but the presence of 
Vg motif suggests that Vgll3 exerts its function through TEAD 
interaction. Vgll3 also potentially plays a role in cancers, it aids 
in the progression of soft-tissue sarcoma and also in the develop-
ment of myxoinflammatory fibroblastic sarcoma.73,74 However, 
in ovarian cancers Vgll3 could possibly play a tumor suppressor 
role.75

Vgll Proteins

Vestigial-like (Vgll) proteins are transcrip-
tion coactivators and they are named after 
the Drosophila transcription coactivator 
vestigial (Vg), which is a master regula-
tor of wing development. Only a short 
motif, roughly 25 amino acids long, is 
conserved between Vg and Vgll proteins 
and also among Vgll proteins. Other than 
this motif, Vg and Vgll proteins bear no 
sequence similarity. This is why it is dif-
ficult to ascertain whether Vgll proteins 
evolved from Drosophila vestigial. Vg motif 
serves a very important function; it facili-
tates Vgll protein interaction with TEAD 
and promotes gene expression. There are 
four Vgll proteins named Vgll 1–4 and they 
start to appear in vertebrates. Other than 
the Vg motif the Vgll proteins do not have 
any recognizable domain (Fig. 1).

Among the Vgll proteins, Vgll1, also 
called TONDU, was the first to be identi-
fied. In Drosophila, Vgll1 is able to partially 
rescue Vg loss of function phenotype.63 
This is remarkable because other than the 
Vg motif there is no other sequence similar-
ity between Vg and Vgll1. Interaction with 
TEAD is crucial for its function and Vgll1 
is shown to interact with all four mam-
malian TEADs.63 In humans it is expressed in the fetal lung, 
heart, kidney and placenta. In Xenopus its expression is restricted 
to epidermal cells and the expression levels can be modulated by 
activin and BMP treatments.64 Vgll1 also promotes cell prolifera-
tion, similar to Vg or YAP/TAZ. Even the core complex structure 
of Vgll1-TEAD is similar to that of YAP-TEAD (Fig. 2A). Given 
the structural and functional similarity, we proposed that Vgll1 
could also play a role in human cancers.65 There is evidence for 
Vgll1’s role in bladder cancer and its expression is used to classify 
tumors into good and bad prognosis groups.66 High Vgll1 levels 
are seen in basal-like breast cancers, but it is not known whether 
it contributes to cancer progression.22

Vgll2, also called VITO-1, is expressed predominantly in 
the skeletal muscle. Vgll2 plays a role in cell differentiation, as 
opposed to cell proliferation. It promotes myogenic differen-
tiation by enhancing the expression of muscle-specific genes. A 
well-known example is the induction of muscle-specific myosin 
heavy chain expression that is a marker of terminally differen-
tiated muscle.67 Muscle-specific gene expression is regulated by 
the muscle-specific cytidine-adenosine-thymidine (MCAT) ele-
ment, 5'-CATTCC T-3'. TEADs are crucial transcription factors 
for myogenesis and they bind to MCAT elements. MCAT-
dependent TEAD activity is enhanced in the presence of Vgll2. 
TEADs are expressed in almost all tissues, whereas the expres-
sion of Vgll2 is largely restricted to skeletal muscle. Therefore 
it is believed that in the skeletal muscle TEADs require Vgll2 

Figure 2. Structures of YAP/Vgll1-TEAD core complexes. (A) The core complex structures have 
the transactivation domain of TEAD in complex with either the TEAD-interacting motif of YAP or 
the Vg motif of Vgll1. YAP interacts with TEAD by forming three interfaces and Vg motif interacts 
with TEAD by forming two interfaces. The interface 1 and 2 in both the complexes are strikingly 
similar. (B) A closer look at the interface 2 of Vgll1-TEAD complex. The surface of TEAD is shown 
as green mesh. Vgll1 helix binds to the hydrophobic groove in TEAD and the crucial region in 
Vgll1 is the V41xxH44 F45 motif. The side chains of these residues that are shown as pink spheres 
and they bind to the complementary pockets in TEAD. Similar interaction is also seen in YAP but 
it has LxxLF motif. (C) The amino acid sequence of the Vg motif of Vgll1 and the TEAD-binding 
motif of YAP. The LxxLF and the VxxHF motifs are shown in red.
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TEAD (Fig. 2A). The interaction is primarily mediated through 
hydrogen bonds formed between main chain atoms of both 
strands. As side chains are not involved in this interaction, seem-
ingly different sequences could still interact in a similar fashion. 
In interface 2, YAP and Vg motif adopts a helical conformation 
and the helix sits in the hydrophobic groove between α3 and α4 
of TEAD. Here the proteins are held together primarily through 
hydrophobic interactions. The crucial hydrophobic residues in 
Vgll1 that interacts with the hydrophobic groove in TEAD are 
V41, H44 and F45 and hereafter we refer to this as VxxHF motif (x: 
any amino acid). YAP has LxxLF motif instead of VxxHF motif 
(Fig. 2C). There is also good complementary packing between 
the residues in VxxHF and LxxLF motifs and the hydrophobic 
groove in TEAD (Fig. 2B). Therefore in addition to hydropho-
bicity, structural complementarity is also important for the inter-
action. Additionally, the residues surrounding these motifs also 
contribute to the affinity and specificity of interaction. All of these 
ensure that nonspecific and unproductive interaction between any 
hydrophobic motif and TEAD does not take place. These can be 
inferred from the studies done on a similar interaction between 
the p160 coactivators and nuclear receptors.83 p160 mediates inter-
action with nuclear receptors through LxxLL motif. Interestingly 
p160 is also shown to interact with TEAD but this interaction 
does not appear to involve the LxxLL motif.80

Vg and YAP motif, despite having a different primary sequence, 
has all the attributes to form interface 1 and 2. However, one 
prominent difference between these two complexes is the absence 
of interface 3 in the Vgll1-TEAD complex. Vg motif had only 
a couple of residues beyond interface 2 in the crystallized Vgll1-
TEAD complex. Yet it is likely that Vgll1-TEAD complex might 
not have interface 3. The rationale for this conclusion comes from 
the biochemical analysis of YAP/Vgll1 and TEAD interaction.65,81 
Vgll1 loses its affinity with TEAD when mutations are made in 
the crucial interface 2 residues. This is not the case for the YAP 
interface 2 mutants. YAP is still able to maintain its interaction 
with TEAD due to the presence of interface 3. The inability of 
Vgll interface 2 mutant to maintain its interaction with TEAD 
suggests that Vgll1-TEAD complex lacks interface 3.

In interface 3 YAP adopts a twisted-coil structure and the 
residues in YAP fit into a groove in TEAD. In this interface, a 
combination of van der Waals contacts, hydrophobic interactions 
and hydrogen bonds holds both the proteins together. Sveinsson 
chorioretinal atrophy is a genetic disease that is caused due to 
Y406H point mutation in TEAD1.84 This residue is in interface 
3 and is involved in a hydrogen bond and a hydrophobic con-
tact with YAP residues. A histidine at this position would dis-
rupt these interactions and biochemically it has been shown that 
this substitution would compromise YAP-TEAD interaction.82 
A compromised YAPTEAD interaction could potentially be an 
underlying reason for this disease. Interface 2 is connected to 
interface 3 by a linker sequence that has a PXXΦP motif (Φ: any 
hydrophobic residue). This motif also appears to be important for 
the YAP-TEAD interaction81 but this linker is absent in TAZ. The 
lack of linker sequence in TAZ led Sudol et al. to propose that 
this might facilitate each TEAD molecule to interact with two 
molecules of TAZ.85 One molecule of TAZ could interact with 

Vgll4 expression is seen in many tissues. Vgll4, unlike other 
Vgll proteins, has two partially conserved Vg motifs.76 It uses these 
motifs to interact with TEADs. Similar to Vgll2, Vgll4 also inter-
acts with MEF2 and uses the same Vg motif for MEF2 interac-
tion.76 It has been proposed that Vgll4 could use its Vg motifs to 
bridge and reinforce TEAD and MEF2 interaction. The coacti-
vator function of Vgll4 has also been explored; Vgll4 cooperates 
with TEADs and interferon response factor 2 binding protein 2 
(IRF2BP2) and activates the expression of the angiogenic factor 
VEGFA (vascular endothelial growth factor A).77 However, there 
is also evidence for Vgll4 suppressing the activity of TEADs in 
cardiac myocytes.76 It appears that Vgll4 modulates the activity of 
TEADs in a context-specific manner.

Apart from being a transcription coregulator, Vgll4 also plays a 
role in regulating signaling in apoptosis. Vgll4 has been shown to 
bind to inhibitor of apoptosis protein (IAP).78 IAPs, as the name 
suggests, inhibit apoptosis induced by various stimuli. Vgll4 relo-
cates IAPs from the cytoplasm to the nucleus and thereby retard 
IAPs ability to inhibit apoptosis. It is not known whether TEADs 
help in the nuclear retention of Vgll4-IAP complex. Vgll4 also 
appears to have a potent tumor suppressor function, recently a 
mutagenic screen identified Vgll4 as one of genes that is inactivated 
in pancreatic adenocarcinoma.79 There is also a good correlation 
between low Vgll4 expression and poor prognosis in human pan-
creatic cancers. Whether the potential tumor suppressor function 
of Vgll4 is physiologically relevant and whether it is achieved due 
to its ability to inhibit TEADs or IAPs remain to be investigated.

p160 Family of Nuclear Receptor Coactivators

There is only one report that links p160 and TEADs. p160 coacti-
vators are well studied in the context of nuclear receptor activa-
tion but they also have the ability to activate TEAD-dependent 
transcription.80 Their interaction with TEADs is through their 
N-terminal basic helix-loop-helix/Per-Arnt-Sim (bHLH-PAS) 
domain. Although this domain is used to bind DNA in various 
other proteins, in p160 it is primarily used to mediate protein-
protein interaction.

Structures of TEAD—Coactivator Complexes

Structures of the core YAP-TEAD complex and that of core 
Vgll1-TEAD complex are already determined and they reveal 
interesting features.65,81,82 The structures contained the TEAD-
interacting motif of YAP or the Vg motif of Vgll1 in complex with 
the transactivation domain of TEAD (Fig. 2A). Vg and YAP motif 
interaction with TEAD is strikingly similar despite the fact that 
these motifs differ significantly in their primary sequence (Fig. 
2C). YAP/TAZ, Vg/Vgll motif and TEAD domain are highly 
conserved among all orthologs and therefore these core complex 
structures are prototypes for all orthologous complexes.

YAP-TEAD1 interaction can be divided into three interfaces 
and Vg motif-TEAD interaction can be divided into two inter-
faces. The interface 1 and 2 in both these complexes are remark-
ably similar. Interface 1 is an antiparallel β-sheet formed between 
the N-terminal β-strand of the Vg or YAP motif and the β7 of 
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Conclusion

TEADs require the help of coactivators to activate gene expression. 
The interaction between TEAD and its coactivators is important 
for physiologically important processes such as cell differentiation, 
cell proliferation and stem cell maintenance. However, it also plays 
a role in human cancers, acting either as cancer drivers or in some 
cases as tumor suppressors. Inhibiting the interaction between 
them is a viable option that has therapeutic potential in scenar-
ios where their activity aids cancer progression. The structures of 
TEAD and coactivator complexes could be put to good use in drug 
development. Given the similarity in these structures, it is also pos-
sible to obtain a compound that has the ability to disrupt several 
TEAD-coactivator complexes.
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TEAD through interface 2 and the 
second TAZ molecule could interact 
with TEAD through interface 3.

A significant overlap in the inter-
faces also suggests that Vgll proteins 
and YAP/TAZ would compete for 
binding to TEAD and this has also 
been reported.65 Interaction with 
TEAD is crucial for YAP, TAZ and 
Vgll function and any mutation that 
compromises their interaction with 
TEAD also affects their function. 
The structures of these complexes 
also revealed the possibility that these 
complexes could be disrupted using 
staple peptides. Such peptides have 
the potential to inhibit the activity 
of TEAD and coactivators and could 
have utility to treat cancers caused due 
to their hyperactivity. One example of 
such an approach is the disruption of 
the interaction between the transcrip-
tion factor notch and the MAML 
coactivator using staple peptides that 
has the potential to treat leukemias.86 
There are also other potential means 
through which the function of YAP 
could be inhibited and these have been 
nicely discussed in the recent review by 
Sudol et al.85

Despite similar structural interac-
tion the gene expression mediated by 
these coactivators appears to be different 
(Fig. 3). There is data from limited set 
of genes that suggests YAP-dependent 
gene expression is different from that 
of Vgll-dependent gene expression.65 
This is also seen in Drosophila, the YAP 
ortholog Yorkie upregulates genes such 
as diap1 and cyclinD, whereas Vg upregulates wing-specific genes. 
This is remarkable because YAP/TAZ/Yorkie and Vg/Vgll proteins 
do not have a DNA-binding domain and use the same transcrip-
tion factor TEAD to mediate gene expression. The specificity in 
gene expression is unlikely to be solely determined by a transcrip-
tion factor. The DNA recognition sequence of a transcription fac-
tor is often too short or degenerate and could be found everywhere 
in the genome. In order to enhance or alter specificity transcrip-
tion factors often pair with other transcription factors or transcrip-
tion coactivators. In the case of Vg and Vgll proteins, it is already 
known that they are endowed with the ability to alter the specific-
ity of TEAD87 and this is likely to be the underlying reason for the 
differential gene expression. Altered specificity could result in dif-
ferential promoter occupancy and gene expression. Future studies 
aiming to resolve the molecular basis for the differential expression 
by different co-activators on the same transcriptional factors will 
be of great interest and significance.

Figure 3. Cartoon depicting the interaction among YAP/TAZ, Vgll proteins and TEAD. The TEAD-
binding region of YAP/TAZ and Vgll proteins are represented as spirals. It adopts a similar structure 
and fits in the same groove on the surface of TEAD despite having a different primary sequence. YAP/
TAZ and Vgll proteins pair with TEAD and upregulate gene expression. CTGF, Cyr61, c-myc and Axl are 
some of the genes that are upregulated by YAP and TAZ. YAP/TAZ play a significant role in prolifera-
tion, organ size and stem cell maintenance. Vgll proteins upregulate the expression genes such as 
IGFBP-5, myosin heavy chain (MyHC) and VEGFA. They play a role in proliferation, myogenesis and also 
appear to act as tumor suppressors in certain scenarios.
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