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Abstract 

The highly conserved Hippo signaling pathway is an important pathway involved in tumorigenesis 
and development. In previous studies, YAP, the transcription coactivator of Hippo pathway, is 
found to be highly expressed in many clinical bladder cancer samples. To investigate the function of 
YAP and its cofactor Mask2 in bladder cancer, we overexpress YAP in bladder cancer cells and 
discover that YAP is able to promote bladder cancer cell growth and migration. In addition, we 
provide evidence that knockdown of Mask2 is able to repress bladder cancer cell growth and 
migration. Furthermore, we demonstrate knockdown of Mask2 is able to inhibit bladder cancer 
cell growth and migration induced by the excessive YAP. To explain the function of YAP/Mask2 
complex in bladder cancer, we check the target genes' expression of Hippo signaling pathway 
involved in cell growth and migration and find overexpressed YAP is able to upregulate the target 
genes’ expression while depletion of Mask2 downregulates them. Taken together, we demonstrate 
that Mask2 is required for the function of bladder cancer cell growth and migration induced by 
YAP via the target genes of Hippo pathway. 
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Introduction 
Bladder cancer is one of the most common types 

of malignancies worldwide and frequently causes 
death in patients with advanced-stage cancer. 
Effective therapeutic targets for tumorigenesis and 
progression of bladder cancer are still poorly 
known [1, 2]. 

Currently, several pathways have been 
uncovered to regulate bladder cancer cell growth and 
migration through different mechanism, such as 
mTOR, EGFR, JAK-STAT, apoptosis pathways [3]. 
However, the function of evolutionarily conserved 
Hippo pathway, which plays an important role in cell 
growth and migration, wasn’t well understood 
during tumorigenesis and progression of bladder 

cancer. The Hippo pathway acts via the 
Yes-associated protein (YAP) transcriptional 
coactivator to control cell growth and migration in 
mammals [4, 5]. YAP is a potential oncogene that is 
up-regulated in diverse cancers. Previous studies 
showed YAP was highly expressed in bladder cancer 
tissues and the expression level of YAP was critical for 
bladder cancer cell growth and migration [6-10]. 
Recently a novel cofactor of YAP, named Mask1/2, 
was identified. They interacted with YAP to regulate 
Hippo pathway [11, 12]. Mask1 (or ANKHD1) played 
an important role in cancer cell growth, such as 
prostate cancer, myeloma and leukemia cells [13-18]. 
However, the cellular behavior or mechanisms of 
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Mask2 (or ANKRD17) in cancer cells was unknown, 
although Mask2 was reported to involve in immune 
signaling [19]. 

In this study, we demonstrated that YAP was 
up-regulated in some bladder cancer cell (5637). 
Overexpressed YAP promoted bladder cancer cell 
growth and migration while silencing Mask2 
inhibited these processes induced by YAP. 
Furthermore, YAP/Mask2 complex regulated the 
expression of the target genes in Hippo pathway to 
control bladder cancer cell growth and migration. Our 
findings clarify the potential function and mechanism 
of Mask2 in bladder cancer cell, offering essential 
scientific basis for new targets in bladder cancer. 

Results and discussion 
Elevated expression of YAP in 5637 cells 
promotes cell growth and migration 

To study the function of YAP in bladder cancer 
cells, we first detected YAP expression level in normal 
urothelial cell (SV-HUC-1) and some bladder cancer 
cell lines (T24, 5637, UMUC-3 and SW-780) via qPCR 
assay. As Figure 1A showed, YAP was highly 
expressed in 5637 cell, but not in normal urothelial cell 
and other bladder cancer cell lines. Therefore, 5637 
cell may be one of the best cell models to investigate 
the function and mechanism of YAP in bladder 
cancer, especially for YAP highly expressed bladder 
cancer.  

 
 

 
Figure 1. Elevated expression of YAP in 5637 cells promotes cell growth and migration. (A) qPCR to check YAP expression level in different bladder 
cancer cells (SV-HUC-1 is normal urothelial cell, T24, 5637, UMUC-3 and SW-780 are different bladder cancer cells); (B) Overexpression of YAP is checked by qPCR 
in 5637 cell; (C) 5637 cell growth is measured by CCK assay; (D-F) 5637 cell proliferation is measured by Edu staining assay; (G-H) 5637 cell migration is detected. 
(5637 cells were transfected with control or YAP plasmid. All data are shown as mean ±SD, **, p<0.01, ***, p<0.001) 
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To investigate the function of upregulated YAP 
in bladder cancer, we overexpressed YAP in 5637 cell, 
and performed CCK-8 assay to check the cell growth 
effect. More cells were detected by the assay, when 
YAP was overexpressed (Figure 1B and 1C). To 
confirm the finding, we performed the Edu staining 
assay to check the cell proliferation effect of YAP. 
Consistently, overexpression of YAP induced the 
bladder cancer cell proliferation (Figure 1D-1F). 
Furthermore, overexpressed YAP significantly 
promoted 5637 migrations by wound-healing assay 
(Figure 1G and 1H). Taken together, these data 
suggested that overexpressed YAP in 5637 cells 
promotes cell growth and migration. 

Depletion of Mask2 inhibits cell growth and 
migration in bladder cancer cell 

Mask2, the novel cofactor of YAP, has been 
identified recently. However, its function in 
tumorigenesis and development is still unknown. To 

dissect the function of Mask2 in bladder cancer, we 
firstly checked Mask2 expression level and discovered 
Mask2 expressed higher in 5637 cell than other 
bladder cancer cell lines (T24, UMUC-3 and SW-780) 
(Figure S1). Moreover, we knocked down Mask2 in 
5637 cell and found depletion of Mask2 reduced the 
cell growth in the CCK-8 assay (Figure 2B) and the 
RNAi efficiency of shMask2 was checked by qPCR 
(Figure 2A). To confirm the cell growth effect, we 
performed the Edu staining assay to check the effect 
of Mask2 on 5637 cell proliferation. Consistent with 
previous data, Mask2 RNAi reduced the bladder 
cancer cell proliferation (Figure 2C-E). Moreover, 
knockdown of Mask2 reduced 5637 migrations by 
wound-healing assay (compared Figure 3G and 3G’’ 
with 3F and 3F’’). Collectively, these data indicated 
that depletion of Mask2 inhibits cell growth and 
migration in 5637 cell. 

 

 
Figure 2. Depletion of Mask2 inhibits cell growth in bladder cancer cell. (A) Knockdown of Mask2 is checked by qPCR in 5637 cell; (B) 5637 cell growth is 
measured by CCK assay; (C-E) 5637 cell proliferation is measured by Edu staining assay. (5637 cells were transfected with control or shMask2 plasmid. All data are 
shown as mean ±SD, *, p<0.05, **, p<0.01) 
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Figure 3. Mask2 is required for YAP induced bladder cancer cell growth and migration. (A-E) 5637 cell proliferation is measured by Edu staining assay; 
(F-H) 5637 cell migration is detected by wound healing assay. (5637 cells were respectively transfected with control, YAP, shMask2 or YAP plus shMask2 plasmids. 
All data are shown as mean ±SD, *, p<0.05, **, p<0.01, ***, p<0.001) 

 

Mask2 is required for YAP induced bladder 
cancer cell growth and migration 

To gain insight into the relationship between 
Mask2 and YAP during bladder cancer tumorigenesis 
and development, we co-expressed YAP and shMask2 
in 5637, via Edu staining assay, and find that 
depletion of Mask2 was able to obviously abolish YAP 
induced bladder cancer cell overgrowth (Figure 
3A-3E). Similarly, knockdown of Mask2 was able to 
efficiently inhibit the 5637 cell migration caused by 
YAP overexpression (Figure 3F-3H). Taken all 
together, these results suggested that Mask2 is 
required for YAP induced bladder cancer cell growth 

and migration. This finding may provide evidence 
that Mask2 may be a potential therapy target for YAP 
highly expressed bladder cancer. 

YAP/Mask2 transcriptional complex regulates 
the expression of the Hippo pathway target 
genes 

Finally, we detected the expression of the target 
genes in this pathway (CTGF and cyr61) by qPCR 
assay, which play critical role in cell growth and 
migration. It was found YAP overexpression 
upregulated the target genes’ expression, meanwhile 
Mask2 RNAi reduced them in 5637 cell (Figure 4A-D). 
Collectively, we proposed a potential working model 
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that Mask2 controlled the expression of the Hippo 
pathway’s target genes (CTGF, cyr61, et al) to affect 
bladder cancer cell growth and migration via forming 
a complex with YAP. Thus Mask2 is required for YAP 
overexpression induced bladder cancer cell growth 
and migration by regulating the same target genes, 
which may offer a potential novel target of bladder 
cancer therapy (Figure 4E). Our discovery would give 
a new application basis of Mask2 in cancer treatment, 
especially for YAP highly expressed bladder cancer. 

Conclusion 
This study demonstrated that YAP was 

up-regulated in some bladder cancer cell (5637) and 

overexpressed YAP promoted bladder cancer cell 
growth and migration. Mask2 is required for YAP 
induced bladder cancer cell growth and migration. 
YAP/Mask2 regulates the expression of the target 
genes in Hippo pathway to control bladder cancer cell 
growth and migration.  

Materials and methods 
Plasmids construction 

shMask2 plasmid with the target sequence 
“TGCTAACTTTAACAGACAA” was purchased from 
genechem company (Shanghai, China). YAP plasmid 
was purchased from Addgene (ID: 42555).  

 

 
Figure 4. YAP/Mask2 transcriptional complex regulate the expression of the Hippo pathway target genes. (A-D) qPCR to check the expression level 
of target genes (CTGF and cyr61) in the Hippo pathway in 5637 cell; (E) Working model of Mask2 in bladder cancer cell (YAP highly expressed): Mask2, as the cofactor 
of YAP, regulates the expression of the Hippo pathway’s target genes (CTGF, cyr61, et al) to control bladder cancer cell growth and migration, thus is required for YAP 
overexpression induced bladder cancer cell growth and migration. (All data are shown as mean ±SD, *, p<0.05, **, p<0.01) 
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Cell culture and transfections 
Human normal immortal urothelial cell 

(SV-HUC-1), bladder cancer cells (5637, UMUC-3, T24 
and SW-780) were purchased from SIBS, CAS, 
Shanghai, China. The SV-HUC-1 cell was cultured in 
F-12K medium. The 5637, UMUC-3, T24, and SW-780 
cells were maintained in DMEM media or RPMI-1640 
media, respectively. All cells were grown at 37 °C in 
an atmosphere of 5 % CO2. 

For all transfection experiments, cells were 
transfected with Lipofactamine 3000 (Invitrogen) 
following the manufacture’s protocols.  

Quantitative Real-Time PCR Analysis 
Total RNAs from cells were isolated using the 

Trizol reagent (Invitrogen) following the 
manufacture’s instruction. cDNA was synthesized by 
SuperScript III® (Invitrogene) kit. Quantitative 
real-time PCR (qPCR) was performed on the ABI 
PRISM 7000 Fluorescent Quantitative PCR system 
(Applied Biosystems) with SYBR Green Premix 
(Takara). All samples were normalized to gapdh and 
the relative mRNA levels were calculated by △△Ct 
method. The primers used (from 5’ to 3’ direction) 
were listed as following: 

gapdh F: TCATCCCTGCCTCTACTG; 
gapdh R: TGCTTCACCACCTTCTTG; 
yap F: GGAATTGAGAACAATGACGA; 
yap R: TAGTATCACCTGTATCCATCTC; 
mask2 F: GCAGATAACCGCAAGATAACTC; 
mask2 R: CTTCTTCAGCATCTCCTTATCAG; 
CTGF F: CCAATGACAACGCCTCCTG; 
CTGF R: TGGTGCAGCCAGAAAGCTC; 
cyr61 F: AGCCTCGCATCCTATACAACC; 
cyr61 R: TTCTTTCACAAGGCGGCACTC. 

CCK-8 assay 
The effects of YAP/Mask2 complex on cell 

growth were determined by Cell Counting Kit-8 assay 
(Transgene, China). Briefly, 5×103 cells per well were 
seeded in a 96-well plate for 12 hours and then 
transfected as mentioned above. After 48 hours of 
transfection, 100μl fresh medium containing 10% of 
CCK-8 was replaced to each well and the cells were 
cultured for another 1 hour. The absorbance at 450 nm 
was determined using an ELISA microplate reader 
(Bio-Rad). Experiments were repeated for three times.  

Edu incorporation assay 
The effects of YAP and shMask2 on cell 

proliferation were determined by Ethynyl-2- 
deoxyuridine incorporation assay using Cell-Light™ 
EdU Apollo®567 In Vitro Imaging Kit (Ribobio, 
China). Briefly, after transfection for 48 hours, the Edu 

was added to each well with a final concentration of 
50 μM. After 2 hours' culture, cells were fixed with 4% 
paraformaldehyde at room temperature. After 3 times 
washing in PBST (PBS with 0.1% Triton X-100), cells 
were incubated with 1 × Apollo solution for 30 min at 
room temperature (RT) in the dark. Finally, cells were 
subjected to nuclear staining with 1 × Hoechst for 30 
min and then observed by fluorescence microscopy. 

Statistical analysis 
All experiments were performed in triplicate and 

data were shown as mean ± standard deviation (SD). 
Statistical analysis was conducted by Student’s t-test 
or ANOVA using SPSS version 19.0 software. p < 0.05 
was considered statistically significant. 

Supplementary Material  
Supplementary tables and figures.  
http://www.jcancer.org/v07p2132s1.pdf  
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