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Yes-associated protein: A novel molecular target for the diagnosis,
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Abstract. Hepatocellular carcinoma (HCC) is a common type
of malignant tumor. The early-diagnosis and treatment options
for HCC are limited, which is primarily due to an incomplete
understanding of the underlying molecular mechanisms of
the disease. Yes-associated protein (YAP) overexpression
promotes proliferation and phenotypic transformation of HCC
cells. Recently, elucidating the molecular mechanisms of the
Hippo/YAP signaling pathway and investigating the interac-
tions between the signaling molecules, as a potential strategy
for the treatment of HCC, has become an area of interest. The
present review will discuss the role of YAP in HCC pathogen-
esis, and the significance of YAP in diagnosis, treatment and
determining the prognosis.
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. Introduction

The Hippo/Yes-associated protein (YAP) signaling pathway
is a highly-conserved signal transduction pathway, which
involves various oncogenes and tumor suppressor genes (1).
Central to the signaling pathway is a core kinase cascade
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chain, which consists of mammalian STE20-like kinase
1/2 (MST1/2), human salvador 1 (hSAV1), large tumor
suppressor kinase 1/2 (LATS1/2) and mps 1 binder kinase
activator-like 1 (MOBI), and the downstream transcrip-
tional coactivator YAP. Additionally, cell cycle protein
E (cyclin E) and cellular inhibitor of apoptosis protein 1
(CIAPI) are regulatory factors downstream of the signaling
pathway (2,3).

Hippo/YAP signaling is a molecular switch for cell divi-
sion and apoptosis, and YAP is the core component of the
signaling pathway (4). Under physiological conditions, YAP
is phosphorylated by proteins upstream of the Hippo/YAP
signaling pathway via a series of kinase cascades (5,6). Initially,
MST1/2 binds to hSAV1, which forms a complex and phos-
phorylates LATS1/2. YAP is subsequently phosphorylated
by LATS1/2, which is regulated by MOBI1. Phosphorylation
of YAP subsequently promotes cytoplasmic localization of
the YAP [serine (ser) 127]/14-3-3 protein complex. This in
turn prevents YAP-mediated transcriptional activation in the
nucleus (5,6) (Fig. 1).

Additionally, YAP has a WW domain that is able to directly
associate with PPxY motifs in LATS1/2 for signal transduction.
This suggests that Hippo/YAP signaling is also able to inhibit
YAP by non-phosphorylation (7). When Hippo/ YAP signaling
is aberrant, overexpressed YAP enters into the nucleus and
activates the transcription factor TEA domain family member
(TEAD), which in turn stimulates the transcription of down-
stream factors cyclin E, CIAP1 and connective tissue growth
factor (CTGF). Therefore, YAP is able to promote proliferation
and inhibit apoptosis (8). Notably, the WW domain of YAP
is also able to promote apoptosis following DNA damage via
binding to p73, which may be associated with the microenvi-
ronment or type of tumor (9).

Hepatocellular carcinoma (HCC) is a common type of
malignant tumor and the third leading cause of cancer-associ-
ated mortality worldwide (10). HCC is induced by numerous
factors and develops in multiple stages, which hinders early
detection. YAP is able to promote HCC cell proliferation and
transformation (a change in cell phenotype) (11,12). There-
fore, investigating the association between YAP and HCC is
important for identifying novel tumor markers. YAP-associ-
ated membrane proteins, including cluster of differentiation
(CD)166 and melanoma cell adhesion molecule (MCAM), have
been reported to be involved in hepatocarcinogenesis (13).
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Additionally, a number of studies have demonstrated that
the targeting of Hippo/YAP signaling may be able to inhibit
proliferation in HCC cells (14,15). Studies have employed two
main strategies: i) Targeting components of the Hippo/YAP
signaling pathway, including inhibiting the activity of YAP
or promoting the activity of MST1 or LATS1/2 (16-18);
and ii) targeting pathways and factors associated with the
Hippo/YAP signaling pathway, including Wnt/B-catenin,
cyclic adenosine monophosphate response element-binding
protein (CREB) and tribbles homolog 2 (TRIB2) (12,19,20).

YAP may also be used to determine the prognosis of HCC.
The observation that liver regeneration stimulates the growth
of residual cancer tissue following surgery has been demon-
strated by multiple clinical studies. However, the precise
underlying mechanisms remain unclear (21). Furthermore,
YAP is important for regulating liver size, and YAP-associated
HCC is linked with a poor short-term prognosis, suggesting
that YAP may be utilized as an independent prognostic marker
for HCC (22). In conclusion, YAP exerts an important role in
the development of HCC. Further elucidation of the underlying
molecular mechanisms of the Hippo/YAP signaling pathway
and the interaction between different signaling pathways and
molecules may provide novel methods for the diagnosis, treat-
ment and prognosis of HCC.

In the present review, the underlying molecular mechanisms
of Hippo/YAP signaling and YAP-associated proteins in HCC
pathogenesis were examined. In addition, the corresponding
advantages of YAP in diagnosis, treatment and determining
the prognosis of HCC were analyzed.

2. Overexpression of YAP promotes HCC

HCC is a highly malignant and aggressive cancer, and YAP
is overexpressed in 62% of patients with HCC (23). The over-
expression of YAP has been reported in rat and human HCC
cells (24). Another study demonstrated that YAP is present in
the HCC cell nuclei during hepatocarcinogenesis (25). Further-
more, the expression of YAP has also been associated with
the differentiation of HCC cells, level of serum a-fetoprotein
(AFP) and vascular infiltration (26,27).

The activation of hepatic stellate cells (HSCs) has been
demonstrated to be critical for the development of cirrhosis
from hepatic fibrosis, and that it promotes the proliferation
and survival of HCC cells (28). It has been reported that
a complex loop of regulation between HSCs and YAP is
involved in hepatocarcinogenesis. Initially, the overex-
pression of YAP promotes the HCC cells to secrete more
CTGF, which in turn regulates HSC function. The extra-
cellular matrix (ECM) is subsequently activated by HSCs.
As a result of the increasing activity of ECM in the HCC
microenvironment, YAP is translocated from the cytoplasm
into the nucleus, and YAP-mediated gene transcription is
activated (29-31). Notably, the knockdown of YAP has been
observed to inhibit the pluripotency of embryonic stem
(ES) cells. By contrast, overexpression of YAP inhibits
ES cell differentiation (32). These studies suggest that the
overexpression of YAP promotes HCC cell proliferation and
transformation (change in cell phenotype), and that YAP
may have a critical role in the development of hepatocar-
cinogenesis.
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Figure 1. Hippo/ YAP signaling pathway maintains the balance between cell
proliferation and apoptosis. YAP is a key factor downstream of the signaling
pathway. Under physiological conditions, YAP is phosphorylated through a
series of kinase cascades and is located in the cytoplasm. When MST1/2,
hSAVI1, MOBI and LATSI1/2 are inactivated or YAP is overexpressed, YAP
is translocated into the nucleus and binds to TEAD. This in turn promotes
the expression of a number of factors (cyclin E, CIAP1 and CTGF). This also
promotes cell proliferation and inhibits apoptosis. CIAP1, cellular inhibitor
of apoptosis protein 1; CREB, cyclic adenosine monophosphate response
element-binding protein; CTGF, connective tissue growth factor; hSAV1,
human salvador 1; LATS1/2,large tumor suppressor kinase 1/2; MOBI1, mps 1
binder kinase activator-like 1; MST1/2, mammalian STE20-like kinase 1/2;
se, serine; TEAD, TEA domain family member; YAP, yes-associated protein.

3. Significance of YAP in the diagnosis of HCC

Tumor screening tests require markers with high sensitivity and
specificity. YAP is overexpressed in patients with HCC, which
suggests that it can be used as a clinical tumor marker (23).

A previous study suggested that the joint detection of
YAP and AFP is specific for HCC, and that this joint detec-
tion may improve the diagnosis rate (21). However, YAP
is predominantly located in the nuclei of HCC cells, which
makes detection difficult for diagnosis. By contrast, membrane
proteins involved in the organization of tumor cells are readily
released into the blood. Therefore, utilizing YAP-associated
membrane proteins to aid the clinical diagnosis of HCC has
become an area of interest.

The membrane proteins CD166 and MCAM are potential
candidates for HCC diagnostic markers. CD166 is an upstream
regulatory factor of YAP, and it is also upregulated in HCC
cells. CD166 promotes YAP function in hepatocarcinogen-
esis (33). MCAM is a specific target of YAP in HCC, and
MCAM expression is upregulated in HCC cells. It has been
reported that the serum levels of MCAM and AFP are posi-
tively correlated (34).

In conclusion, serum CD166 and MCAM may replace YAP
as tumor markers for YAP-associated HCC. The elucidation
of the molecular mechanisms of YAP and YAP-associated
membrane proteins may aid the development of non-invasive
tests for the diagnosis of HCC.

4. Role of YAP in the treatment of HCC

The Hippo/YAP signaling pathway involves a number of
oncogenes and tumor suppressor genes. The inactivation
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of this signaling pathway leads to an imbalance between
cell proliferation and apoptosis, which induces hepatocar-
cinogenesis (35). Investigating the molecular mechanisms
of the Hippo/YAP pathway and other associated factors is
beneficial for elucidating the novel targets for the treatment of
HCC.

Use of Hippo/YAP signaling molecules as targets for the
treatment of HCC. YAP is an oncogene. Inhibiting the activity
of YAP may be beneficial for the treatment of HCC (36).
Harvey et al (36) proposed that YAP1 may be a potential
target for tumor treatment. However, it was suggested that
although therapies that target YAP1 would be specific, drug
resistance is likely to occur (36). Studies have demonstrated
that knocking down YAP via short hairpin RNAs and small
interfering RNAs can lead to a decrease in the activity of
cyclin E, and reduce cell proliferation and adhesion (24,37).
Furthermore, it has been observed that phosphorylation of
YAP (serl27) is promoted by overexpression of MST1 (38).
This suggests that MST1 overexpression is able to inhibit
hepatocarcinogenesis, therefore, it may be a potential target
for the treatment of HCC (38).

A number of microRNAs (miRs/miRNAs) have also been
implicated in hepatocarcinogenesis. However, the interactions
between YAP and miRNAs remain unclear. A previous study
demonstrated that the ectopic expression of miR-375 decreases
the transcriptional activity of YAP mRNA and inhibits the
expression of endogenous YAP proteins (39). Additionally,
Wang et al (40) demonstrated that miR-506 inhibits YAP
expression by targeting the 3'-untranslated region of YAP
mRNA and reduces the proliferation of HCC cells. This indi-
cates that utilizing miR-375 or miR-506 to target YAP may be
a potential strategy to inhibit the proliferation of HCC cells.

YAP may be targeted to increase the sensitivity of tumor
cells to chemotherapy. It has been reported that the expression
of YAP mRNA increases when HepG2 cells are treated with
doxorubicin (0.7 ug/ml), and that the chemosensitivity of the
cells increases when expression of YAP is increased (41,42).
It has been observed that during chemotherapy, p53 is able to
promote the expression of YAP by binding to the YAP gene
promoter in the 2,300 to 2,105 bp region (41,42). These studies
suggest that increasing the expression levels of the regulatory
factors of the Hippo pathway and reducing the expression of
YAP may be a method for treating HCC. Understanding the
precise mechanisms of these interactions would assist in the
development of novel sensitizers for chemotherapy.

Use of YAP-independent factors as targets for the treatment
of HCC. Hepatocarcinogenesis is regulated by numerous
factors (43). YAP expression is not only regulated by the
Hippo/ YAP signaling pathway, but is associated with the acti-
vation of YAP-dependent factors; therefore, the Hippo/YAP
signaling pathway may not be the only target for the treat-
ment of HCC (33). The main mechanisms between YAP
and YAP-independent transcription factors are presented in
Table I.

CREB promotes the transcription of YAP by binding to its
promoter (2,608 to 2,439 bp). YAP inhibits CREB degradation
following phosphorylation by interacting with mitogen-acti-
vated protein kinase 14 and B-transducin repeat-containing
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E3 ubiquitin protein ligase (BTRC). The interaction between
CREB and YAP is important for HCC cell survival and change
in cell phenotype (12,44).

The Wnt signaling pathway regulates cell proliferation,
differentiation and activity. Studies have reported that phos-
phorylation of YAP inhibits Wnt/p-catenin signaling (19).
Additionally, other studies have reported that TRIB2 is
a direct target of Wnt/T-cell factor signaling in HCC. It
has also been demonstrated that TRIB2 is able to inhibit
BTRC, which reduces CCAAT/enhancer binding protein
(C/EBPa)-mediated inhibition of the transcriptional activity
of YAP/TEAD. These studies suggest that TRIB2 may be a
key modulator with Wnt/B-catenin, Hippo/YAP and C/EBPa
signaling; therefore, TRIB2 may be another target for the
treatment of HCC (20,45.46).

c-Myc may be involved in regulating the transcriptional
activity of YAP. Xiao ef al (47) demonstrated that YAP-knock-
down inhibits the expression of c-Myc. Further investigation
indicated that although c-Myc-knockdown has no effect on
YAP mRNA levels, it inhibits the expression of human telom-
erase reverse transcriptase, which is a downstream target of
YAP.

The interactions between Hippo/YAP signaling
and a number of factors, including CD44 (48), Sonic
hedgehog (49), Notch (50), insulin-like growth factor 1
receptor/protein kinase B (AKT) (51) and phosphatidylinositol
3-kinase/AKT (52), are also important in hepatocarcinogen-
esis and represent potential therapeutic targets for HCC. In
conclusion, hepatocarcinogenesis is a complex process, and
understanding the interactions between regulatory signals is
useful for altering Hippo/ YAP signaling and for identifying
novel targets for the treatment of HCC (Fig. 2).

5. Role of YAP in determining the prognosis of HCC

Currently, surgical resection is the preferred treatment
for HCC. However, the 5-year survival rate is only 20 to
40% (53). Following surgery, residual cancer tissues are
highly proliferative, and overexpression of YAP acceler-
ates the proliferation of HCC cells. Expression of YAP, a
tumor diameter of >5 cm, poor differentiation and AJCC
stage III are independent risk factors of tumor recurrence
post-surgery (4). Consequently, it is important to investigate
the molecular mechanisms of YAP signaling and its effect in
determining the prognosis of HCC.

Xu et al (23) analyzed the clinical and pathological data
of 166 patients with HCC and observed that the overex-
pression of YAP in HCC cells is associated with a short
disease-free survival (DFS) time (log-rank=3.252; P=0.071)
using Kaplan-Meier analysis. The DFS time was 27.1 months
[95% confidence interval (CI), 19.5-34.7] for the YAP-negative
group (n=64) and 14.5 months (95% CI, 10.8-18.2) for the
YAP-positive group (n=102). Therefore, the survival time
in HCC patients with YAP overexpression was significantly
reduced compared with that in patients with YAP-negative
HCC following surgery (23). These findings demonstrated
that there is early cancer recurrence and a poorer prognosis in
YAP-associated HCC, suggesting that altering the expression
of YAP post-surgery may be useful to prolong the survival
time of patients.
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Table I. Interaction between YAP and YAP-independent transcription factors in HCC.

Transcription factor Mechanism (Refs.)
TEAD Dephosphorylated YAP binds to TEAD via its WW domain, which promotes cell 8)
proliferation and inhibits apoptosis.
CD166 CD166 modulates the activity of YAP at the transcriptional and post-transcriptional (€20
levels. YAP is regulated transcriptionally by CD166 through its interaction with CREB
and post-transcriptionally by CD166-mediated inhibition of AMOT130, which affects
the stability of YAP.
MCAM High levels of p300 promote the binding of YAP to the MCAM promoter, which (32)
subsequently promotes histone acetylation and polymerase II recruitment through
the dissociation of the deacetylase Sirt1.
CREB YAP inhibits the degradation of CREB, which is mediated by BTRC and p38.
The accumulation of CREB stimulates transcription of YAP. (12)
TRIB2 TRIB2 represses the C/EBPa-mediated inhibition of YAP/TEAD transcriptional
activation in HCC cells. (18)
c-Myc YAP promotes c-Myc transcriptional output via c-Abl. c-Myc promotes protein expression
independent of transcription. (44)
Shh Shh promotes YAP translocation into the nucleus. Shh stabilizes IRS1, and the interactions (46)

between IRS1 and YAP determine the subcellular localization of YAP.

BTRC, p-transducin repeat-containing E3 ubiquitin protein ligase; TEAD, TEA domain family member; CD, cluster of differentiation;
C/EBPa, CCAAT/enhancer binding protein a; MCAM, melanoma cell adhesion molecule; CREB, cyclic adenosine monophosphate response
element-binding protein; TRIB2, tribbles homolog 2; IRS1, insulin receptor substrate 1; Shh, Sonic hedgehog protein; YAP, yes-associated

protein.
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Figure 2. YAP is regulated by various factors during hepatocarcinogenesis
in addition to the members of the Hippo signaling pathway. These factors
have an important role in YAP-associated hepatocellular carcinoma. BTRC
and TRIB2 inhibit the overexpression of YAP. The interactions between
YAP and other factors (CREB, c-Myc, CD166 and MCAM) promote hepa-
tocarcinogenesis. High/hippo dependent refers to the effects of BTRC on
YAP, which are dependent on the Hippo pathway. When BTRC is overex-
pressed, or the Hippo pathway is activated and YAP turnover is inhibited;
however, at normal levels of BTRC, YAP is protected from degradation.
BTRC, B-transducin repeat-containing E3 ubiquitin protein ligase; CD,
cluster of differentiation; CREB, cyclic adenosine monophosphate response
element-binding protein; C/EBPa, CCAAT/enhancer binding protein o;
MAPKI14, mitogen-activated protein kinase 14; MCAM, melanoma cell
adhesion molecule; p-MEKI, phosphorylated-mitogen-activated protein
kinase; TRIB2, tribbles homolog 2; YAP, yes-associated protein.

Furthermore, F-box and WD repeat domain-containing 7
(Fbxw7),an E3 ubiquitin ligase, may be a potential independent

prognostic marker for YAP-associated HCC. A previous study
demonstrated that Fbxw7 expression inhibits proliferation and
induces apoptosis in HCC cells by promoting the ubiquitina-
tion and proteasomal degradation of YAP, which is crucial for
improving the 5-year survival rate (54).

6. Conclusion

Compared with conventional therapies (radiotherapy and
chemotherapy), targeting YAP and YAP-associated proteins
for the treatment of HCC has the advantage of high selectivity
and specificity (16). YAP and associated membrane proteins,
which are specifically overexpressed in HCC, may be used as
markers to aid in the early diagnosis of HCC.

The molecular mechanisms of Hippo/YAP signaling and
YAP-associated proteins have been gradually elucidated. The
factors identified include YAP, MST1/2, CREB, TRIB2, c-Myc,
miR-506, CD44, Sonic hedgehog, Notch, insulin-like growth
factor 1 receptor/AKT, phosphatidylinositol 3-kinase/AKT
and Wnt/B-catenin, which have been implicated in HCC
differentiation, the cell cycle, apoptosis, migration, invasion,
and lymph node and systemic metastasis. Therefore, investiga-
tions into the underlying molecular mechanisms of interaction
between these pathways are beneficial for the development of
high-efficiency and broad-spectrum targeting drugs.

YAP may be employed as an independent prognostic
marker for HCC. YAP-associated HCC is highly malignant
and aggressive. The recovery rate is low and the prognosis is
poor. Overexpression of YAP during liver regeneration is a
leading cause of early cancer recurrence. This suggests that
detecting the change in YAP expression post-surgery may
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be beneficial for the early detection of HCC recurrence and
metastasis.

In conclusion, the overexpression of YAP promotes
cell proliferation and phenotypic change in HCC cells. The
interactions between Hippo/YAP signaling and its associ-
ated-proteins, which are involved in hepatocarcinogenesis,
constitute a complex network. The components in this network
are crucial for HCC diagnosis, treatment and prognosis.

The development of HCC treatments targeting YAP may
be a long process. Correlative studies have made considerable
progress. However since the exact molecular mechanisms
underlying the pathogenesis of HCC are not fully understood,
the identification of specific proteins as therapeutic targets
for treatment has considerable limitations. Therefore, eluci-
dating how YAP is dysregulated in HCC will be pivotal for
determining the factors that should be targeted. Resolving
the problem of primary and acquired drug resistance during
YAP-targeting therapy is also a challenge. Notably, a number
of studies have reported that YAP is able to act as an oncogene
and a tumor suppressor gene, indicating that HCC treatments
targeting YAP require further investigation. In conclusion,
whilst the development of therapies involving the targeting of
Hippo/ YAP signaling is at its infancy, these therapies may be
novel strategies for treating HCC.
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