
© Journal of Thoracic Disease. All rights reserved. jtd.amegroups.com J Thorac Dis 2018;10(Suppl 33):S3895-S3898

YAP (Yes-associated protein) is a terminal mediator of 
the Hippo signaling pathway. Hippo signaling is known 
as a key regulator of organ size by its ability to control 
cell proliferation and apoptosis (1,2). The Hippo gene was 
named after the mutant eye overgrowth phenotype in 
Drosophila which resembles the shape of a hippopotamus 
(3,4). Extensive genetic screening in Drosophila has led to 
the identification of upstream and downstream regulators of 
the Hippo signaling pathway including Merlin-Hippo-Warts-
Yorkie (1,2). Notably, all orthologs of Hippo pathway exist 
in metazoan: Nf2-Mst1/2-Lats1/2-YAP, respectively (1,2). 
Tissue-specific deletion of Nf2, Mst1/2 or Lats1/2 leads to 
hyperplasia, organ overgrowth, and finally tumorigenesis, 
suggesting their role as tumor suppressors (5-7). However, 
liver-specific expression of YAP results in hepatomegaly and 
tumors, indicating that YAP is an oncoprotein (8). Hippo 
signaling controls tissue homeostasis and organ growth by 
relaying a signaling cascade. First, the activation of Nf2 by 
various upstream signals derived from cell contact, energy 
stress, or GPCR signaling enhances the phosphorylation 
of Mst1/2 and Lats1/2 kinases.  This leads to the 
phosphorylation of YAP by Lats1/2; the phosphorylated 
YAP is retained in the cytoplasm via the interaction with 
14-3-3 and is eventually down-regulated by b-TrCP-
mediated proteasomal degradation (1,2). However, in the 
absence of signals for Mst1/2 and Lats1/2 kinase, the un-
phosphorylated form of YAP enters the nucleus. Nuclear 
YAP interacts with the transcription factor TEAD and 
enhances the expression of genes involved in anti-apoptosis 
and proliferation (1,2). 

The current available data report high levels of nuclear 

YAP with poor prognosis in the liver and various types of 
human cancer, for example non-small lung cancer (NSCLC) 
(9,10), gastric cancer (11,12), and colorectal cancer (CRC) 
(13,14), suggesting that YAP is an oncoprotein (Table 1). 
Thus, lowering the level and activity of YAP has been 
considered as a direct strategy to inhibit cancer progression; 
yet, the issue is not that simple. Previous reports propose 
that YAP can behave as a tumor suppressor in different 
cellular contexts (Table 1). It was shown that YAP interacts 
with p73 tumor suppressor protein, a homologue of p53, 
in the nuclei and enhances the expression of pro-apoptotic 
genes such as p53AIP1 and BAX in response to DNA 
damage (15,16). Similarly, RASSF1A, a tumor suppressor 
whose expression is reduced in various human cancers (21), 
increases the expression of pro-apoptotic gene puma via 
promoting the interaction between YAP and p73 in the 
nuclei to induce apoptosis (17). Consistent with its role as a 
tumor suppressor, the level of YAP was decreased or lost in 
breast cancers and its knockdown in breast cancer cell lines 
suppressed anoikis and increased migration and invasiveness 
although it was not examined whether these phenotypes 
were p73-dependent (18). Another way by which YAP acts 
as a tumor suppressor is switching its binding partner from 
TEAD to RUNX3 (19). Ectopic expression of RUNX3 in 
MKN28 gastric cancer cells reduced tumorigenicity which 
requires the interaction between YAP and RUNX3 (19).

In addition, Huang et al. reported a new mechanism 
in which YAP functions as a tumor suppressor in a recent 
issue of Cancer Research (20). Initially, the authors screened 
a chemical library with the objective of selecting small 
molecules with significant effects on the cell death of 
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human lung squamous cell carcinoma (SCC) cell line, 
L78. The screening allowed the authors to identify two 
molecules sharing similar chemical structures as their top 
hits: digitoxin and digoxin. Digitoxin is a cardiac glycoside 
which is widely used in clinic for treating heart failure (22). 
Since digitoxin is known to inhibit the interaction between 
the WW domain of YAP and canonical PPxY ligands (23), 
the authors examined the cytoplasmic localization of YAP 
under digitoxin treatment. Treatment of digitoxin reduced 
the level of YAP phosphorylation at S127, a site known to be 
phosphorylated by Lats1/2 kinases, and induced the nuclear 
localization of YAP. While it is likely that these phenotypes 
were due to the inhibition of the interaction between 
Lats1/2 and YAP by digitoxin, the authors did not examine 
this possibility. Knockdown of either MST1 or LATS1, 
which results in an increased level of nuclear YAP, attenuated 
lung SCC cell proliferation and colony formation in a YAP-
TEAD-dependent manner. These results suggest that YAP 
indeed acts as a tumor suppressor in lung SCC cells. Gene 
expression microarray profiling and gene set enrichment 
analysis (GSEA) after ectopic expression of YAP in lung 
SCC cells exhibited that YAP activation promoted ROS 
accumulation via reducing the expression ROS scavenging 
genes. Among these, the level of GPX2, a gene that encodes 
the antioxidant enzyme glutathione peroxidase, was most 
significantly reduced. The authors previously reported that 
YAP overexpression reduces the level DNp63, which is an 
isoform of p63, a member of the p53 family, by upregulating 

the transcriptional repressor ZEB2 (24). Interestingly, 
GPX2 was known as a direct target of DNp63 (25). Based 
on previous reports along with additional experiments, the 
authors claim that the accumulation of ROS due to the 
reduced expression of DNp63 and GPX2 by YAP caused 
cell death in lung SCC cells. However, whether the level 
of ZEB2 is increased by digitoxin was not examined. A 
clinically significant finding was that digitoxin treatment 
inhibits the growth of lung SCC with a low level of YAP 
in patient-derived xenograft (PDX) model, whose results 
provide a therapeutic strategy for the treatment of lung SCC 
patients with low levels of YAP.

 In conclusion, YAP can act as either an oncoprotein or 
a tumor suppressor depending on the cellular context. In 
recent review by Ou et al. also comprehensively analyzed the 
oncogenic and tumor suppressor functions of YAP in the 
differential status of colorectal cancer progression (26). This 
leads to following question: What are the specific cellular 
contexts required for the differential role of YAP? There are 
multiple possibilities. First, epigenetic differences during 
embryonic development may control different YAP target 
gene expression. YAP is involved in fate determination of 
mouse trophectoderm from the inner cell mass during early 
embryonic development by enhancing the expression of 
the transcription factor Cdx2 (27). However, despite the 
increased YAP level, the level of Cdx2 was low in colorectal 
cancer (28). These data suggest that different epigenetic 
modification of the Cdx2 locus may respond to YAP-

Table 1 Dual roles of YAP

Supporting evidences for YAP as an oncoprotein

Tissue-specific deletion of Nf2, Mst1/2 or Lats1/2, which results in increased YAP, leads to hyperplasia, organ overgrowth, and finally 
tumorigenesis (5-7)

Liver-specific expression of YAP results in hepatomegaly and tumors (8)

High levels of nuclear YAP with poor prognosis in the liver and various types of human cancer (9-14)

Supporting evidences for YAP as a tumor suppressor

YAP interacts with p73 and enhances the expression of pro-apoptotic genes in response to DNA damage (15,16)

Enhanced interaction between YAP and p73 by RASSF1A increases the expression of pro-apoptotic gene puma (17)

The level of YAP was decreased or lost in breast cancers and its knockdown in breast cancer cell lines suppressed anoikis and  
increased migration and invasiveness (18)

YAP switches binding partner from TEAD to RUNX3. Enhanced interaction between YAP and RUNX3 reduced tumorigenicity of MKN28 
gastric cancer cells (19)

The accumulation of ROS due to the reduced expression of DNp63 and GPX2 by YAP caused cell death in lung squamous cell  
carcinoma cell lines (20)

YAP, Yes-associated protein.
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TEAD distinctively in tumor and embryonic environment. 
Second, the relative availability of YAP binding partners 
in the nuclei may determine the differential role of 
YAP. As described above, exchanging binding partners 
from TEAD to RUNX3 can shift the role of YAP from 
oncoprotein to tumor suppressor. Recently, Lin et al. 
showed that environmental stress promotes the cytoplasmic 
translocation of TEAD, which selectively suppresses the 
oncogenic activity of YAP (29). Although it has not been 
examined in human tumors, it will be interesting to test 
whether different cellular localization of TEAD in various 
cancer cells may determine the response to the increase 
in YAP levels. Third, the degree of Hippo signaling may 
be different depending on the cellular context. Cai et al. 
reported that while YAP is dispensable for the homeostasis 
of normal intestine, YAP is essential for the dextran 
sodium sulfate (DSS)-induced intestinal regeneration (30). 
However, when Sav1, an upstream negative regulator of 
YAP, was deleted, colonic polyps were induced, and this crypt 
hyperplasia was suppressed by the loss of YAP. These data 
indicate that YAP activity is inhibited by the activation of 
upstream Hippo signaling components in normal intestine, 
whereas the activity YAP should be increased during the 
DSS-induced intestinal regeneration by reducing upstream 
Hippo activity. Overall, the activity of Hippo signaling may 
be different in different cellular context.

Generally, it is assumed that YAP functions as an 
oncoprotein due to its potent role in regulating the 
expression of genes specifically involved in cell proliferation 
and anti-apoptosis. However, recent reports suggest that 
in addition to its oncogenic role, YAP may act as a tumor 
suppressor depending on cellular contexts. This may seem 
surreal at first but increasing amount of experimental 
evidence clearly pinpoints that YAP has tumor suppressor 
activities. Thus, therapeutic efforts to diminish YAP levels 
in various types of tumors including lung cancer without 
the consideration of cellular contexts requires the need 
for caution, since the therapeutic treatment may result in 
increased tumor-growth instead. Taking into consideration 
the differential role of YAP in different cellular contexts 
would make a better approach in overcoming tumor 
progression.
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