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Abstract. Yes-associated protein (YAP) is an oncoprotein 
located in the cytoplasm in an inactive form, and when 
activated, it translocates to the nucleus and activates the tran-
scription of genes responsible for cell division and apoptosis. 
YAP is one of the downstream regulatory proteins in the 
Hippo signaling pathway, which is important in cell prolif-
eration and regeneration. Due to its great importance, YAP 
is regulated very strictly by different regulatory systems. The 
present review will focus on the canonical pathways of YAP, 
and will provide details on the most recent findings regarding 
its regulation and role in tumorigenesis, specifically in prostate 
tumor progression.
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1. Introduction

Yes‑associated protein (YAP or YAP1) is an oncoprotein 
encoded by the YAP gene in the human chromosome 11q22 (1). 
YAP is one of the downstream proteins in the Hippo signaling 
pathway (1). It functions in cooperation with transcriptional 
coactivator with PDZ‑binding motif (TAZ) (2). These two 
proteins are responsible for cell proliferation control and 
have important regulatory functions in regeneration, organ 
development and stem cell self‑renewal. YAP and TAZ both 
are regulated by several mechanisms, including the microen-
vironment and extracellular signals. YAP is also able to inhibit 

apoptosis in cells through the activation of survival signaling 
such as survivin/baculoviral IAP repeat containing 5  (2). 
Recent investigations suggest that YAP crosstalks with 
numerous signaling pathways and has more functions in 
cancer than previously assumed.

2. Structural domains of YAP protein

YAP consists of 488  amino acids and several structural 
domains (3) (Fig. 1). The most important domains are a TEA 
DNA-binding domain and two WW domains (2). The first 
one binds to the TEA domain (TEAD) family of transcrip-
tion factors, while the second one binds to a transcriptional 
coactivator, which in turn, binds to the PPxY motif present 
on transcription factors  (4). In addition, the PDZ‑binding 
motif regulates the function of YAP by localizing YAP to 
the specific nuclear foci and is essential for YAP‑mediated 
cellular transformation (5). The SRC homolog 3-binding motif 
regulates the activity of YAP through binding to p53 binding 
protein 2, in cooperation with the WW1 domain (6).

3. Regulation of YAP

The regulation of YAP occurs mostly through the regulation 
of the Hippo signaling pathway (2). Large tumor suppressor 1 
(LATS1) and LATS2 are the inhibitors of the YAP/TAZ 
complex. When activated, these two proteins phosphorylate 
YAP and localize it in the cytoplasm (2). YAP is tightly regu-
lated by multiple factors, including extracellular signals and 
the microenvironment (5).

Regulation by extracellular signals. One of the most impor-
tant regulators of YAP is G‑protein coupled receptor (GPCR), 
which consists of three subunits, α, β, γ, among which, Gα11, 
Gα12, Gα13, Gαi, Gαo and Gαq activate YAP and TAZ, while 
Gαs inhibits YAP/TAZ activity (7). GPCR activates YAP by 
inducing F‑actin polymerization through Rho GTPase, and 
thus inhibit LATS kinase activity (7). There are two types 
of ligands‑agonists that activate GPCR: i) Lipoprotein(a), 
sphingosine-1-phosphate and thrombin, which inhibit cell 
proliferation; and ii) glucagon and epinephrine, which induce 
cell proliferation (8) (Fig. 2). In addition, Wnt signaling can 
regulate YAP activity by separating YAP from the β‑catenin 
destruction complex, and thus causing accumulation of nuclear 
YAP (Fig. 2)  (9). Leukemia inhibitory factor receptor and 
epidermal growth factor can activate YAP by dissociating it 
from Hippo kinase (7).
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Regulation by microRNA (miRNA). Increasing evidence 
suggest that miRNAs regulate YAP, including miRNA 31, 
which is considered as an oncogene that acts through YAP 
during cancer progression  (10). The overexpression of 
miRNA  31 leads to anchorage‑independent uncontrolled 
growth in vitro and increases the potential of tumor formation 
in vivo (10). The expression level of miRNA 31 was much more 
increased in patients with high risk of recurrence, compared 
with those with low risk of recurrence (10). According to Mita-
mura et al (10), miRNA 31 suppresses the luciferase activity 
of messenger (m)RNA combined with LATS2 3' untranslated 
region (UTR). This promoted an increase in the nuclear level 
of YAP and moreover, enhanced the transcription of onco-
genes such as cyclin D1.

Regulation by phosphorylation and methylation. Phosphory-
lation is the main pathway to inhibit YAP activity  (7). As 
shown in Fig. 1, multiple sites of YAP can be phosphorylated. 
Nuclear Dbf2-related/LATS kinases regulate YAP1 through 
its phosphorylation at Serine 127, and promotes its exclusion 
from the nucleus into the cytoplasm and its degradation (11). 
Consequently, the transcription of pro‑growth genes is inhib-
ited. The artificial depletion of these kinases in the colon 
results in the formation of cancer (11). The phosphorylation of 
YAP at Serine 127 promotes binding of 14‑3‑3 protein to YAP 
and, thus, localizes it in the cytoplasm (4). Another kinase that 
promotes binding of 14‑3‑3 protein to YAP is Akt kinase (12). 
The inhibition of YAP by Akt causes inhibition of transcrip-
tion factors, including p53, which regulates the pro‑apoptotic 

Figure 2. Regulation of the Yes-associated protein/transcriptional coactivator with PDZ‑binding motif complex. YAP, Yes-associated protein; TAZ, tran-
scriptional coactivator with PDZ‑binding motif; GPCR, G-protein-coupled receptor; LPA, lipoprotein(a); S1P, sphingosine-1-phosphate; APC, adenomatous 
polyposis coli; cAMP, cyclic adenosine monophosphate; PKA, protein kinase A; LATS, large tumor suppressor; AMOT, angiomotin; VGLL4, vestigial-like 
family member 4; TEAD, TEA domain; P, phosphorylation.

Figure 1. YAP protein domains. Various domains of YAP are colored from the N‑terminus to the C‑terminus, highlighting phosphorylation and methyla-
tion  sites, as well as binding sites with other factors. Figure is adapted from Zhao et al (3). YAP, yes-associated protein; TEAD, TEA domain; SH3, SRC 
homology 3; P, phosphorylation; M, methylation.
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gene B‑cell lymphoma (Bcl)‑2 associated X protein. Thus, 
the phosphorylation and consequent inhibition of YAP by 
Akt suppresses the induction of pro‑apoptotic gene expres-
sion upon cell damage (12). Another molecule that regulates 
YAP function through phosphorylation is protein kinase C ζ 
(PKCζ), which plays an important role in the retention of YAP 
in the cytoplasm (13). PKCζ phosphorylates YAP at Serine 109 

and Threonine  110, which are highly conserved residues 
among different species (13). In leucine-rich repeat-containing 
G-protein coupled receptor 5-positive intestinal stem cells, the 
inactivating mutation of YAP causes increased tumorigenic 
and regenerative activities (13).

YAP methylation is another regulatory mechanism that 
localizes YAP in the cytoplasm and inhibits its function (14). 
The methylation of YAP is induced by Su(var)3-9 and enhancer 
of zeste (SET)7, a SET‑domain‑containing lysine methyl-
transferase. Monomethylation of YAP at Lysine 494 occurs 
in parallel with YAP phosphorylation at Serine 127, which 
promotes the cytoplasmic localization of YAP (15) (Fig. 1).

Regulation by metabolism. The sterol regulatory element-
binding protein/mevalonate signaling pathway, an important 
cellular metabolic pathway, is able to regulate the activity 
of YAP. According to Sorrentino et al (16), the inhibition of 
its rate‑limiting enzyme (3-hydroxy-3-methylglutaryl-coen-
zyme A reductase) opposes YAP/TAZ nuclear localization. 
The production of geranylgeranyl pyrophosphate generated by 
the mevalonate pathway is required for the activation of Rho 
GTPase (16). This GTPase is responsible for the polymeriza-
tion of F‑actin, which removes angiomotin (AMOT) from its 
complex with YAP, and thus allows YAP to translocate to the 
nucleus and to induce the transcription of pro‑growth genes (7).

Regulation by the microenvironment. The microenvironment 
plays an important role in the regulation of YAP activity. 
Recent studies revealed that the stiffness of the extracel-
lular matrix can cause changes in the levels of YAP in the 
nucleus (17). When the cells are placed into soft matrix, the 
cytoplasmic level of YAP increased and the cell proliferation 
rate decreased, and vice versa, when the cells were subjected 
to a stiff environment, the cytoplasmic YAP moved to the 
nucleus and induced cell proliferation  (18). When cells 
undergo pressure, to balance the tension, they create an oppo-
site force with the help of the cytoskeleton (17). Thus, when 
F‑actin polymerization happens, the nuclear level of YAP 
increases and the cells start to proliferate (17). According to 
Mana‑Capelli et al, AMOT links these two processes (19). 
AMOT is an inhibitor of YAP, and can act on it either directly 
or through activating LATS1 and LATS2 (19). When F‑actin 
polymerization occurs, it competes with YAP for the binding 
to AMOT, and thus weakens the inhibitory effect of AMOT 
on YAP (18). Additionally, F‑actin is also able to suppress the 
activity of LATS1/2, and thus further increases the nuclear 
level of YAP (18).

4. Function of YAP in cancer

As an oncoprotein, YAP controls transcription factors that 
regulate cell division and cell cycle, such as TEAD family 
members (7). TEAD proteins are associated with the tran-
scription cofactor vestigial‑like protein 4 (VGLL4) in steady 
state, which suppresses target gene expression (20). When 
the Hippo signaling pathway is activated, YAP is phosphory-
lated, which prevents YAP from passing through the nuclear 
pores and reaching TEAD proteins (20). When the pathway 
is inactivated, YAP moves to the nucleus, displaces VGLL4 
from TEAD proteins and initiates cell division. In numerous 

Figure 3. Regulation of microRNA synthesis by the Yes-associated protein/
transcriptional coactivator with PDZ‑binding motif complex. pri-, primary 
transcript; pre-, precursor; miRNA, microRNA; YAP, Yes-associated pro-
tein; TAZ, transcriptional coactivator with PDZ‑binding motif; DDX17, 
DEAD box helicase 17.

Figure 4. Regulation of the tumor suppressor phosphatase and tensin homolog 
by Yes-associated protein. TEAD, TEA domain; YAP, Yes-associated pro-
tein; miRNA, microRNA; mRNA, messenger RNA; PTEN, phosphatase and 
tensin homolog; UTR, untranslated region.

Figure 5. Function of YAP in prostate cancer cells. Upregulated activity 
of YAP causes the cells to become insensitive to androgen, and promotes 
uncontrolled expression of androgen receptor‑dependent genes. YAP, Yes-
associated protein; AR, androgen receptor.
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cancers, including hepatocellular carcinoma (HCC), ovarian 
cancer and non‑small cell lung cancer, elevated nuclear level 
of YAP was observed, suggesting an association between YAP 
function and uncontrolled cell division (21).

Regulation of miRNA biogenesis. The suppression of miRNAs 
has been proposed to promote tumorigenesis (22). In order for 
miRNAs to become functional, they should first be subjected to 
the Microprocessor and Dicer complexes in the form of primary 
miRNA transcripts. Recent studies have demonstrated that 
YAP regulates miRNA production through diverting DEAD 
box helicase 17 (DDX17) from the Microprocessor complex 
in a cell‑density dependent manner. When the cell density is 
low, YAP localizes in the nucleus and removes DDX17 from 
the Microprocessor complex, and when the cell density is 
high, YAP moves to the cytoplasm and DDX17 becomes free 
to combine with the Microprocessor complex (22). However, 
nuclear YAP/TAZ also regulates Dicer complexes, and thus 
mediates the formation of specific miRNAs (23). In summary, 
the YAP/TAZ complex may have opposite regulatory effects 
on different miRNAs (Fig. 3).

Regulation of phosphatase and tensin homolog (PTEN). 
PTEN, as a tumor suppressor protein, inhibits the phos-
phatidylinositol 3-kinase‑mechanistic target of rapamycin 
signaling pathway, and is responsible for controlling organ 
size and cell proliferation (24). YAP regulates this pathway 
through PTEN. YAP inhibits PTEN activity by activating 
transcription factors of the TEAD family to express miRNA 
29c (24) (Fig. 4). This miRNA 29c regulates PTEN function 
by targeting PTEN 3'UTR (24). When the level of activated 
YAP is increased, the level of PTEN decreases, and vice versa, 
when YAP is phosphorylated and inhibited, PTEN func-
tion is restored and oncogene transcription is inhibited (24). 
Therefore, mutations in the Hippo signaling pathway, which 
lead to an increase in the nuclear level of YAP, also cause 
the inhibition of its natural tumor suppressor, PTEN, and thus 
facilitate tumor formation.

Regulation of senescence. YAP is able to control senescence 
tightly through its activity. According to Fausti et al (25), the 
accumulation of YAP correlates with slower cell division 
rate and accelerated senescence. The authors stated that the 
loss of Werner syndrome ATP-dependent helicase protein 
activity in Werner syndrome activates the ataxia telangiec-
tasia mutated (ATM)‑YAP‑promyelocytic leukemia protein 
(PML)‑p53 axis, and thus induces the senescence process. 
ATM kinase is required for YAP‑PML complex formation, 
and this complex promotes p53 activation  (25). However, 
according to Xie et al (26), the senescence process of the cell 
is caused by downregulation of YAP levels, and the silencing 
of the YAP gene causes inhibition of cell proliferation and 
induces senescence. According to that report, YAP regulates 
the expression of cell division protein kinase 6 (Cdk6), an 
important protein in the regulation of cell cycle progression. 
The results demonstrated that introduction of either YAP or 
Cdk6 into YAP‑knocked down cells inhibited senescence 
and restored the proliferative abilities of the cells (26). In 
summary, there are different points of view about the regula-
tion of cell senescence, and further studies are required to 
clarify this mechanism.

Regulation of Ras‑dependent oncogenesis. Overexpression 
of proteins from the Ras family leads to uncontrolled cell 
growth and cancer, such as pancreatic ductal adenocarci-
noma  (27). Elevated level of YAP was observed in K‑Ras 
suppression‑resistant cancer cells (28). Recently, YAP was 
identified as the main compensator of cell proliferation for loss 
of K‑Ras signaling in K‑Ras‑dependent cancers (29). K‑Ras 
and YAP proteins converge on the transcription factor FOS, 
and activate the transcription of the genes responsible for the 
regulation of the epithelial‑mesenchymal transition, which 
initiates metastasis in cancer cells (28).

YAP function in prostate cancer progression. Androgen 
receptor (AR), as a transcription factor, plays a central 
role in prostate cancer progression through regulating the 

Figure 6. Array comparative genomic hybridization identified an elevation in the copy number of the mouse Yap gene in a mouse model of prostate cancer. The 
array comparative genomic hybridization method was used to determine the elevated or inhibited expression of several molecules. The Yap gene was highly 
amplified, and was one of the top ranked amplified genes (33). Yap, Yes-associated protein.
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transcription of cell proliferation‑related genes. Recent 
studies have shown that YAP is able to bind and activate 
nuclear AR, thus promoting cell proliferation (30). Binding 
of AR to YAP occurs via the PDZ binding domain and the 
coiled‑coiled protein‑protein interaction domain (30). The 
YAP complex can activate androgen‑dependent transcrip-
tion of AR target genes, which has the same DNA binding 
site. However, enhanced level of YAP mRNA was observed 
in androgen‑insensitive prostate cancer cells, compared 
with androgen‑sensitive cells  (31). Furthermore, immuno-
histochemistry revealed increased levels of activated YAP 
in castration‑resistant prostate tumors, compared with 
hormonal‑responsive prostate tumors (31). Further studies 
demonstrated that YAP overexpression was sufficient to 
cause the transition of cells from an androgen‑sensitive to an 
androgen‑insensitive phenotype in vitro, and YAP conferred 
castration resistance in vivo (31). Extracellular signal‑regu-
lated kinase ribosomal S6 kinase signaling appeared to be 
regulated by YAP in cell survival, migration and invasion in 
androgen‑insensitive cells, and thus, the downregulation of 
YAP in prostate cancer cells greatly reduced their migratory 
and invasive rates, and in androgen‑deprivation conditions, 
it inhibited cell division (31). In summary, in prostate cells 
with deregulated Hippo signaling pathway, YAP can promote 
cancer cells to lose their sensitivity to androgen and trans-
form into uncontrolled dividing cells that are insensitive to 
androgen but sensitive to other proliferative signals such as 
those of the MET signaling pathway (32) (Fig. 5).

Notably, the mouse Yap gene copy number was signifi-
cantly increased in a mouse model of prostate cancer driven 
by PTEN/p53 loss (33). Yap was the top ranked gene amplified 
by whole genome screening in this model (33) (Fig. 6). As 
PTEN and p53 are frequently mutated or inactivated in several 
cancers, particularly in prostate cancer, this finding suggests 
that YAP may act as a master regulator in prostate cancer upon 
oncogenic insults stimulation. Furthermore, YAP may provide 
feedback regulation through the YAP/PTEN axis (Fig. 4). 
However, the detailed mechanism of this feedback loop and its 
clinical relevance must be further investigated.

5. Implications for clinical targeted therapy

As aforementioned, YAP is involved in the control of 
proliferation, and is regulated by different mechanisms. Due 
to its very important role in tumorigenesis, this protein could 
be used as a target for novel avenues of cancer therapy. A 
recent study has suggested several approaches to suppress the 
activity of YAP in cancer cells with increased cell proliferation 
rate (34). One of the molecules that competes for YAP activity 
in the nucleus is VGLL4  (34). This molecule functions as 
an antagonist and competes with YAP for binding to TEAD 
family members, and thus can inhibit the activity of YAP. 
More precisely, VGLL4's tandem Tondu domains inhibit the 
activity of YAP (33). YAP plays a major role in the formation 
of HCC (35). In addition, small interfering RNA‑lipid nanopar-
ticles, which target and inactivate YAP protein, can decrease 
the levels of activated YAP protein (35). This causes HCC 
tumor regression and restores hepatocyte differentiation (35).

Currently, numerous single treatments using anticancer 
drugs have little effect on cancer cells growth. By contrast, the 

combination of several drugs is able to cause cancer cells to 
stop proliferating and induce apoptosis (36). As an example, 
the combination of the drugs trametinib and vemurafenib, 
which inhibit regulatory proteins in the mitogen-activated 
protein kinase signaling pathway, promotes cancer cells to 
stop proliferating, but still is not sufficient to cause tumor cell 
death (37). The introduction of RNA interference specific to 
YAP, which indirectly induces the expression of the pro‑survival 
gene Bcl‑extra large, reduces cell proliferation and induces cell 
apoptosis (36). Thus, YAP protein plays a major role in drug 
resistance through the regulation of the expression of genes 
responsible for cancer cell survival. Therefore, targeting YAP 
may sensitize cancer cells to chemotherapy drugs.

In summary, YAP, as a downstream target of the Hippo 
signaling pathway, can crosstalk with various biological 
signaling pathways. Directly targeting of YAP signaling would 
be a novel avenue for the treatment of aggressive cancer and 
reversing drug resistance.
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