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Abstract: Purpose: The aims were two-fold: first, to examine the expression of Yes-activated protein (YAP), a key 
Hippo pathway regulator, in clinical thyroid papillary carcinoma samples and to correlate this with clinicopathological 
parameters; second, to explore the role of YAP in regulating cell growth and division in vitro. Methods and results: 
YAP expression was determined by immunohistochemistry of clinical thyroid papillary carcinoma tissue microar-
rays and expression was correlated with clinicopathological parameters. YAP expression positively correlated with 
TNM stage and lymph node metastasis. The effect of YAP gene silencing by siRNA on BCPAP and KI cell migration, 
invasion, apoptosis, cell cycle progression (including expression of the cell cycle regulators, p21, p27, c-Myc, and 
Foxo3a1), and the expression of autophagy markers (Belcin1, LC3-I, LC3-II, Atg12, Atg16L1, and Atg5) were exam-
ined. YAP gene silencing decreased cell proliferation, migration, and invasion. In contrast, there was no effect on 
cell apoptosis, but cells arrested at G0/G1, and this was accompanied by down-regulation of c-Myc and Foxo3a and 
up-regulation of the cell cycle proteins, p21 and p27. The autophagy marker LC3-I was expressed at slightly higher 
levels than LC3-II; YAP silencing decreased both LC3-1 and LC3-II protein expression, resulting in an increase in the 
LC3-II/LC3-I ratio, this process was accompanied by decreases in Beclin1 and Atg5-Atg12-Atg16 complex expres-
sion. Conclusions: In papillary thyroid cancer YAP protein expression is positively correlated with the extent of TNM 
stage and positive lymph node metastasis. In thyroid cancer cell lines YAP appears to be important in stimulating 
cell proliferation while inhibiting autophagy.
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Introduction

The incidence of thyroid cancer (TC) has 
increased dramatically over the past few dec-
ades [1, 2]. Papillary thyroid carcinoma (PTC) is 
the most common malignant thyroid neoplasm, 
accounting for 80% of all thyroid cancers, and 
its incidence has also increased strikingly over 
this period [3].

The Hippo pathway was first discovered through 
genetic screening in Drosophila and was found 
to be an evolutionarily conserved pathway that 
is responsible for controlling organ size primar-
ily through controlling cell proliferation, apopto-

sis, stem-cell self-renewal, and tumorigenesis 
[4-6]. It consists of a kinase cascade, the acti-
vation of which results in the down-regulation of 
a variety of key regulators, and these key regu-
lators are involved in cell contact inhibition, 
transmembrane receptor signalling as well as 
other processes that have yet to be defined. 
YAP and transcriptional coactivator with PDZ-
binding motif (TAZ) are the most critical Hippo 
pathway effectors [4]; both these proteins are 
transcriptional activators that regulate the 
expression of multiple target genes in the Hippo 
pathway. Unphosphorylated YAP/TAZ was the 
key for Hippo pathway kinases transferring into 
the nucleus, therefore, when YAP/TAZ is in the 
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“off” state, Hippo pathway kinases effectively 
entered the nucleus and further activated pro-
liferation, epithelial-mesenchymal transition 
and transcription and so on [4, 7].

YAP primarily regulates the expression of genes 
in concert with transcription factors of the 
TEAD/TEF family. Numerous studies have 
reported that expression of the YAP protein is 

altered in different malignant tumours includ-
ing liver cancer, breast cancer, and gastric can-
cer [4, 8-10]. However, expression of the YAP 
protein in papillary thyroid carcinoma, which is 
also epithelially derived, has not been reported 
to date. Here, we focused on the relationship 
between the YAP protein and high-risk charac-
teristics in patients with papillary thyroid can-
cer, and through the use of siRNA mediated 

Figure 1. Tissue microarray (TMA) of YAP in PTC tumor samples. A. TMA 1; B. TMA 2.

Figure 2. IHC staining of YAP in PTC tumor samples. A. Negative; B. Weakly Positive; C. Moderate Positive; D. Positive.  
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gene silencing, we investigated the role of YAP 
in proliferation, migration, invasion, cell cycle, 
apoptosis and autophagy of the papillary thy-
roid cancer cell lines, BCPAP and KI.

Materials and methods

Tissue microarray analysis

Three tissue microarrays containing a total of 
88 papillary thyroid cancer tissue specimens 
were purchased from the National Engineering 
Center for BioChips (Shanghai, China). All speci-
mens and clinical information were obtained 
from Shanghai Zhongshan Hospital. A YAP spe-
cific antibody (#4912; Cell Signaling Technology, 
Danvers, MA, USA) was used at a dilution of 
1:50 to evaluate YAP expression in these tissue 
microarrays by immunohistochemical (IHC) sta- 
ining. All immunohistochemical staining was 
evaluated by two experienced pathologists who 
were blinded to the clinical information. Both, 
the % of cells staining positive for YAP as well as 
the staining intensity were evaluated in the 
cytoplasm and graded according to either the 
percentage of YAP-positive cells using a scale 
from 0 to 4 (0-5%, 6-25%, 26-50%, 51-75%, 

and 76-100% respectively) or the intensity of 
YAP staining using a scale from 0 to 3. The final 
YAP expression score (score 0,1) was calculat-
ed from the summation of those two grades 
(total grade 0-1, 2-3, and 4-5, 6-7, separately) 
(Figure 1). The slides were scanned using a 
ScanScope slide scanner (Aperio, Vista, CA, 
USA), and images of representative areas were 
acquired using Image Scope software (Aperio) 
and analysed using Illustrator (Adobe).

Cell culture and treatment

The human PTC-derived cell lines, BCPAP and 
KI, were obtained from the Chinese Academy of 
Sciences (Shanghai, China). The cells were cul-
tured in RPMI-1640 medium (Gibco-Life Tech- 
nologies, Grand Island, NY, USA) supplemented 
with 10% foetal bovine serum (FBS; Gibco-Life 
Technologies) and 1% penicillin/streptomycin 
(Beyotime Institute of Biotechnology, Nanjing, 
Jiangsu, China) in the presence of 5% CO2 at 
37°C.

Small interfering RNA (siRNA) and transfection

BCPAP and KI cells (3 × 105 cells/well) were 
seeded onto a six-well plate containing 1 mL 
Opti-MEM (Gibco) 24 h before transfection. 
Briefly, 75 pg YAP siRNA or a scrambled siRNA 
control in 10 m L of Lipofectamine 3000 
(Invitrogen, Carlsbad, CA, USA) were added and 
gently mixed. The cells were then incubated for 
48 h before further assay.

Transwell migration and invasion assays

The upper transwell chamber (8 µm pore size; 
Corning Inc., Union City, CA, USA), coated with 
ECM gel (Sigma-Aldrich; invasion assay) or with-
out ECM gel (migration assay) was covered with 
6 × 104 cells in 200 µL of media containing 
0.1% BSA. The lower chamber was then filled 
with 200 µL RPMI-1640 medium containing 
30% FBS (HyClone Laboratories). The cells 
were then cultured at 37°C and 5% CO2 for 22 
h, prior to being fixed with 70% ethanol and 
stained with 0.1% crystal violet. The cells were 
counted in multiple random fields using an 
Olympus IX71 fluorescence microscope (Oly- 
mpus, Janpan).

Cell proliferation assay

Cell proliferation was assessed using the fluo-
rescent cell staining dye carboxyfluorescein 
succinimidyl ester (CFSE) according to the man-

Table 1. Association between the Yap protein 
and high-risk characteristics in patients with 
papillary thyroid cancer
Characteristics YAP- YAP+ P 
Sex 0.389
    Male 7 25
    Female 8 48
Age (years) 1.0
    <45 7 34
    ≥45 8 39
Tumor size 0.403
    ≤2 cm 6 39
    >2 cm 9 34
TNM Stage 0.030
    I 8 28
    II 5 8
    III 2 31
    IV 0 6
Location 1.0
    Unilateral 13 64
    Bilateral 2 9
LNM 0.044
    Negative 12 35
    Positive 3 38
LNM: Lymph node metastasis.



Role of YAP in thyroid papillary carcinoma cells

3215 Am J Transl Res 2017;9(7):3212-3223

ufacturer’s instructions. Briefly, cells were col-
lected and washed twice with PBS, and then 
resuspended in 1 mL PBS; 5 μL CFSE stock 
solution was then added to the cell suspension 
and mixed gently, and the suspension was then 
incubated at room temperature in the dark for 
5 min. Pure GIBGOserum (200 μL) was then 
added to the cell suspension to terminate the 
reaction, and the mixture was then incubated 
on ice in the dark for 10 min. Following this, the 
mixture was centrifuged at 1,000 g for 5 min, 
the supernatant discarded, and the cells were 
washed twice with cold PBS. Cells were count-
ed, and then incubated in the dark in a 5% CO2 
incubator at 37°C. Following this, the cells were 
collected and washed twice with PBS and were 
then analysed by flow cytometry using a flow 

cytometer (BD Biosciences, Franklin Lakes, NJ, 
USA) over a period of one hour. The experiment 
was repeated three times.

Flow cytometric analysis for apoptosis

To assess apoptosis, an Annexin V-FITV/PI apo-
ptosis kit (Nanjing KeyGen Biotech, Co., Ltd., 
Nanjing, China) was used according to the man-
ufacturer’s instructions. Briefly, the cells (1-5 × 
105) were isolated by digestion with EDTA-free 
trypsin (Beyotime Institute of Biotechnology). 
The cells were then centrifuged at 1,200 g for 5 
min, and then washed three times with cold 
PBS. The cells were then resuspended in 500 
µL binding buffer containing 5 µL Annexin 
V-FITC and 5 µL propidium iodide (PI). Apoptotic 

Figure 3. A YAP targeted siRNA suppresses YAP expression 
in KI and BCPAP cells and reduces proliferation in BCPAP 
cells. (A) Western blot of YAP protein in siRNA Con- and siR-
NA YAP-treated KI and BCPAP cells. GAPDH is presented 
as a loading control. (B) Quantification of YAP knockdown 
shown in (A). (C) Proliferation of BCPAP cells treated with 
siRNA Con or siRNA YAP. The proliferation index quantifica-
tion is shown in the far right-hand graph. (**, *** repre-
sent P<0.01 and P<0.0001 in the t-test, compared with 
siRNA Con).



Role of YAP in thyroid papillary carcinoma cells

3216 Am J Transl Res 2017;9(7):3212-3223



Role of YAP in thyroid papillary carcinoma cells

3217 Am J Transl Res 2017;9(7):3212-3223

cells were detected by flow cytometry using a 
flow cytometer (BD Biosciences, Franklin 
Lakes, NJ, USA) over an hour. The experiment 
was repeated three times.

Cell cycle assay

PI staining was performed according to the to 
the manufacturer’s instructions. Briefly, cells 
were collected and were washed once with cold 
PBS, and then resuspended in 75% ethanol 
chilled to -20°C. Cells were counted and the 
cell concentration was adjusted to 2 × 106 cell/
tube; cells were then fixed by incubation at 
-20°C for 1-24 h. Following this, the cells were 
centrifuged at 2,000 g for 5 min, and then 
washed twice with cold PBS. The washed cells 
were re-suspended in 200 μL PBS and RNase 
was added to a final concentration of 100 μg/
mL. Following mixing the cells were then incu-
bated at 37°C for 30 min. Finally, 235 μL PBS 
and 60 μL PI (50 μg/mL final concentration) 
were added to the cells and they were then 
incubated at 37°C for 30 min in the dark. 
Stained cells were detected by flow cytometry 
using a flow cytometer (BD Biosciences, Fran- 
klin Lakes, NJ, USA) over an hour. The experi-
ment was repeated three times.

Western blot analysis

BCPAP and KI cells, which had been treated as 
appropriate, were collected at 60-80% conflu-
ence. Protein extraction was performed us- 
ing an assay kit (Cell Signaling Technology, 
America), and the total protein concentration 
was examined using the BCA Protein Assay kit 
(Beyotime Institute of Biotechnology). For west-
ern blot analysis, SDS-PAGE (Beyotime Institute 
of Biotechnology) was used to separate equal 
amounts (30 µg) of total protein, and the pro-
teins were transferred onto PVDF membranes 
(Millipore, Billerica, MA, USA) using transfer 
buffer (200 mM glycine, 40 mM Tris and 20% 
methanol) at 240 mA for 30-90 min, depending 

on the molecular weight of the proteins to be 
detected. Membranes were blocked using 5% 
non-fat milk (Cell Signaling Technology) in 0.1% 
TBST (Cell Signaling Technology) for 1 h at 37°C 
and then incubated with the primary antibody 
overnight at 4°C. After washing three times in 
0.1% TBST, 5 min each time, the membranes 
were incubated in horseradish peroxidase 
(HRP)-conjugated anti-rabbit secondary anti-
body (Cell Signaling Technology) at a dilution of 
1:3,000 for 1 h, 37°C. The membranes were 
then then washed three times in 0.1% TBST, 5 
min each time. The ECL Chemiluminescent Sub- 
strate Reagent kit (Cell Signaling Technology) 
was added to the membranes to visualize the 
immune-stained proteins. Quantification of the 
band intensities was determined using Image 
Lab software (Bio-Rad Laboratories, Hercules, 
CA, USA). GAPDH was used as an internal pro-
tein loading standard.

Statistical analysis

Results were obtained from three repeat exper-
iments are expressed as the means ± standard 
deviation (SD), and analysed using SPSS 13.0 
software (SPSS, Inc., Chicago, IL, USA). The 
Student’s t-test was used to determine the dif-
ferences between the groups. A value of P<0.05 
was considered to indicate a statistically signifi-
cant difference.

Results

Association between Yap protein expression 
and patient clinicopathological characteristics 
in papillary thyroid cancer

Clinical details associated with the patient tis-
sue samples as well as the immunohistochemi-
cal analysis of YAP expression are shown in 
Figures 1 and 2, respectively. The association 
between Yap protein expression levels and 
patient clinicopathological characteristics are 
shown in Table 1. After excluding samples that 

Figure 4. A. YAP knockout inhibits migration of BCPAP cells. BCPAP cells were treated with siRNA Con or siRNA YAP 
and cell migration assessed. The right hand graph is a quantification of BCPAP migration (*represents P<0.05 
compared with siRNA Con, n=3 independent experiments). B. YAP knockout inhibits invasion of BCPAP cells. BC-
PAP cells were treated with siRNA Con or siRNA YAP and cell invasion ability assessed. The right hand graph is a 
quantification of BCPAP invasion (*represents P<0.05 compared with siRNA Con, n=3 independent experiments). 
C. YAP knockout inhibits migration of KI cells. KI cells were treated with siRNA Con or siRNA YAP and cell migration 
assessed. The right hand graph is a quantification of KI migration (*represents P<0.05 compared with siRNA Con, 
n=3 independent experiments). D. YAP knockout inhibits invasion of KI cells. KI cells were treated with siRNA Con 
or siRNA YAP and cell invasion ability assessed. The right hand graph is a quantification of KI invasion (*represents 
P<0.05 compared with siRNA Con, n=3 independent experiments).
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Figure 5. YAP knockout causes BCPAP and KI cells to arrest at the G0/G1 phase and decreases expression of c-Myc 
and Foxo3a expression while increasing p21 and p27 expression in BCPAP cells. A. Cell sorting of propidium iodide 
stained BCPAP or KI cells treated with siRNA Con or siRNA YAP. B. Quantification of the proportion of BCPAP and 
KI cells in G0/G1, S, and G2/M phases. C. Western blots of c-Myc, Foxo3a, p21 and p27 in siRNA Con and siRNA 
treated BCPAP cells. The graphs represent quantification of the respective protein signal from the Western blots. (*, 
** represent P<0.05 and P<0.01 respectively compared with siRNA Con, n=3 independent experiments).

could not be read, a total of 88 papillary thyroid 
cancer samples were included for analysis. As 
shown in Table 1, of the 88 patients with PTC, 
73 (82.9%) cases were scored positive for YAP 

expression and the remaining 15 (17.1%) 
scored negative for YAP expression. YAP expres-
sion was positively correlated with TNM stage 
and lymph node metastasis (LNM) (P=0.030 
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and 0.044 respectively). However, there was no 
significant correlation between YAP expression 
and age, sex, tumour size, or tumour location 
(all P>0.05).

A YAP targeted siRNA inhibits proliferation of 
BCPAP and KI

In order to clarify the role of YAP in BCPAP and 
KI cell proliferation, we used siRNA to silence 
the expression of YAP in BCPAP and KI cells. As 
shown in Figure 3A and 3B, an siRNA targeted 
to YAP significantly reduced YAP expression in 
both BCPAP and KI cells. BCPAP cell prolifera-
tion as assessed by CFSE labelling is shown in 
Figure 3C. The proliferation index (PI) in YAP 
siRNA-treated cells (PI=138.30±14.54) was 
significantly reduced compared with control 
siRNA-treated cells (PI=363.37±4.417). These 
data demonstrate that silencing of YAP expres-
sion inhibits cell proliferation in thyroid cancer 
BCAP and KI cells.

A YAP targeted siRNA inhibits the migration 
and invasion of BCPAP and KI cells

In order to clarify the role of YAP in BCPAP and 
KI cell migration and invasion, we used a tran-

swell assay to assess cell migration and inva-
sion after YAP knockout using siRNA (siRNA 
YAP). As shown in Figure 4, compared to the 
control group (siRNA Con), the migration and 
invasion capacities of BCPAP and KI cells in the 
siRNA YAP treated cells were inhibited signifi-
cantly (*P<0.05, n=3 independent experime- 
nts).

A YAP targeted siRNA causes cell cycle arrest 
in BCPAP and KI cells 

In order to clarify the role of YAP on cell cycle 
control in BCPAP and KI cells we used propidi-
um iodide staining and cell sorting to quanti-
tate the % of cells in G0/G1, S, and G2/M phas-
es in siRNA Con or siRNA YAP treated cells. The 
results of this study showed that, compared  
to siRNA Con treated cells, the proportion of 
BCPAP and KI cells in the S and G2/M phases 
cells decreased whereas the proportion of cells 
in G0/G1 phase increased, indicating that 
siRNA YAP induced thyroid cancer BCPAP and 
KI cells to arrest at the G0/G1 phase (Figure 
5A, 5B).

The cell cycle inhibitory protein p27 can arrest 
cells in the G1 phase by inhibiting cyclin E-CDK2 

Figure 6. siRNA YAP does not affect cell apoptosis in BCPAP and KI cells. A. FACS sorting of BCPAP and KI cells 
treated with either siRNA Con or siRNA YAP. B. Quantification of living, early apoptotic, late apoptotic, or necrotic 
cells BCPAP or KI cells.
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and cyclin A-CDK2 complexes, indicating that it 
plays a role in cell differentiation. p21 is also a 
cell cycle inhibitory protein that is related to 
stress response and DNA damage and repair. 
Both of these proteins are target genes for the 
transcription factors Foxo3a and c-Myc and 
they are found to be down-regulated in a variety 
of tumours. As shown in Figure 5C, after sup-
pression of YAP expression in BCPAP cells, the 
expression levels of Foxo3a and c-Myc, which 
are closely related to transcriptional control of 
the cell cycle were both down-regulated. In con-
trast, the expression of both p21 and p27, 
which were both low in siRNA Con-treated 
BCPAP cells, were both significantly in- 
creased by YAP silencing.

A YAP targeted siRNA did not affect cell apop-
tosis in BCPAP and KI cells 

As shown in Figure 6, siRNA YAP did not have 
any significant effect on apoptosis in BCPAP 
and KI cells, indicating that the apoptotic path-
way is not significant in the inhibition of BCPAP 
and KI cell proliferation observed when YAP is 
silenced in these cells.

A YAP targeted siRNA effect on cell autophagy 
of BCPAP and KI 

Recent studies have shown that, in addition to 
necrosis and apoptosis, autophagy is a third 
form of cell death; compared to type I pro-

Figure 7. siRNA YAP increases cell autoph-
agy in BCPAP and KI cells. A. Western blots 
of BCPAP or KI cells treated with siRNA Con 
or siRNA YAP showing the different forms  
of LC3A/B namely LC3A/B-1 (non-lipidated) 
and LC3A/B-II (lipidated). GAPDH was used 
to normalize protein loading. B and C. Quan-
tification of LC3A/B-I and LC3A/B-II from 
Western blots and calculation of the LC3A/
B-II/LC3A/B-I ratio.
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grammed cell death (apoptosis), autophagy is belie- 
ved to be a type II programmed cell death. One 
of the indicators of autophagy is lipidation of 
LC3, which occurs when the soluble LC3 pro-
tein (referred to as LC3-I) becomes engulfed by 
the autophagosome and then is converted into 
LC3-II by conjugation to phosphatidyletha-
nolamine. We used western blotting to detect 
the expression levels of these two forms of 
LC-3 in BCPAP and KI cells. As shown in Figure 
7A, the expression levels of LC3-I were slightly 

of tissue and organ size and the pathway 
appears to operate by regulating cell prolifera-
tion, cell apoptosis, cell contact inhibition and 
tumour development, amongst other process-
es [11-13]. The YAP protein is a key downstream 
component of the Hippo pathway mediating 
many of its biological effects through control of 
transcription. In human malignancies, YAP has 
been found to function as a proto-oncogene. If 
the Hippo pathway is inhibited, YAP/TAZ, with 
the aid of Zona occludens-2 protein, translo-

Figure 8. siRNA YAP signifi-
cantly decreases levels of cell 
autophagy related proteins in 
BCPAP cells. (A) Western blots 
of BCPAP or KI cells treated 
with siRNA Con or siRNA YAP 
showing the expression of 
Beclin-1. GAPDH was used 
to normalize protein loading. 
(B) Quantification of Beclin-1 
levels in (A). (C) Western blots 
of BCPAP treated with siRNA 
Con or siRNA YAP showing 
the expression of Atg12, At-
g16L, and Atg5. GAPDH was 
used to normalize protein 
loading.

higher than LC3-II in siRNA 
Con-treated BCPAP and KI 
cells. Both LC3-1 and LC3- 
II expression levels were 
inhibited after silencing of 
YAP by siRNA, which is par-
ticularly evident for LC3-I, 
resulting in a big increase 
in the LC3-II/LC3-I ratio 
(Figure 7B, 7C). These data 
indicate siRNA YAP induces 
autophagy in both BCPAP 
and KI cells. 

Autophagy is regulated by a 
variety of cell regulatory 
factors to maintain its 
homeostasis, including the 
autophagy related protein 
Beclin1, and the autophagy 
nucleation and extension 
related Atg5-Atg12-Atg16 
complex. The levels of 
these proteins were detect-
ed by western blotting in 
BCPAP and KI cells after 
siRNA Con or siRNA YAP 
treatment. As shown in 
Figure 8, siRNA YAP treat-
ment significantly reduced 
expression of Beclin-1 pro-
tein as well as the levels of 
Atg5, Atg12, and Atg16L1 
in BCPAP cells. These data 
confirm that YAP is involved 
in regulating autophagy in 
BCPAP and KI cells. 

Discussion

The biological effects of the 
Hippo pathway are mainly 
related to the preservation 
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cate to the nucleus and together with DNA test-
ing and transcription factors (TFs) promote cell 
proliferation as well as the transcription of anti-
apoptotic genes [14]. Therefore, the Hippo 
pathway kinase cluster must effectively elicit 
YAP/TAZ phosphorylation in order to prevent 
their transfer to the nucleus, thereby avoiding 
activation in the nucleus of genes that promote 
cell and inhibit apoptosis.

Abnormal protein expression of YAP has been 
found in many human malignancies. Inte- 
restingly, YAP activity plays an important role in 
both epithelial cell tumours (e.g. breast, liver, 
and gastrointestinal tract) and stromal tumours 
(e.g. soft tissue sarcoma). Alizee et al. have 
shown that the YAP protein, acting as a positive 
effector of the Hippo pathway, regulated the 
proliferation of human schwannoma cells and 
may indeed serve as a potential therapeutic 
target [15]. Nan et al. also showed that the YAP 
can directly regulate the P53 promoter thereby 
increasing P53 expression and that during 
chemotherapy to treat liver cancer, the YAP pro-
tein can induce hepatoma cells apoptosis by 
regulating P53 to achieve a tumour suppres-
sion effect [16]. Yuan et al. have also reported 
that the YAP protein inhibited proliferation of 
breast cancer as a tumour suppressor by regu-
lating P73 [17]. Taken together the current data 
shows an inconsistent picture with the YAP pro-
tein being both proliferative and anti-prolife- 
rative.

In the nucleus, YAP interacts with transcription 
factors of the TEAD/TEF family to regulate the 
transcription of its target genes and thus regu-
late tumour cell proliferation, epithelial-mesen-
chymal transition, and metastasis. In our tissue 
microarray analysis of papillary thyroid carcino-
ma, we found a significant positive association 
between YAP protein expression and TNM clini-
cal stage as well as positive lymph node 
metastasis.

Based on the in vitro result presented here, 
silencing of YAP can significantly inhibit cell pro-
liferation, migration, invasion, and induce G0/ 
G1 phase arrest, as well as inducing autophagy 
in two papillary thyroid cancer cell lines namely 
BCPAP and KI cells. These affects are therefore 
consistent with our tissue microarray analysis 
of human papillary thyroid carcinoma. Serrano 
et al. have reported that dasatinib (a broad-
spectrum tyrosine kinase inhibitor) can inhibit 

activation of MST1 and LATS, both of which are 
core kinases in the Hippo pathway, resulting in 
inactivation of YAP/TAZ-mediated transcription 
to therapy cancer. Therefore, an inhibitor of YAP 
could also provide a new direction for poten-
tially treating papillary thyroid cancer.

The limitations of our study include the fact that 
no studies have yet been conducted in papillary 
thyroid cancer animal models to confirm the in 
vitro findings. Other limitations include the fail-
ure to demonstrate the specific mechanism by 
which YAP affects the processes described 
here and whether it affects the mechanism tol-
erance of iodine 131intake in papillary thyroid 
carcinoma and so on. 

Conclusion

Our study shows that YAP expression is closely 
correlated with clinicopathological factors in 
papillary thyroid cancer, and that silencing YAP 
in vitro in BCPAP and KI cell lines causes inhibi-
tion of proliferation, migration, invasion, inhibi-
tion of resistance to stalling in the G0/G1 
phase, and up-regulation of p21 and p27. YAP 
also affects c-Myc and Foxo3a (cycle regulatory 
transcription factor) expression, both of which 
are known to participate in thyroid cancer cell 
cycle regulation. Moreover, YAP appears to reg-
ulate autophagy in BCPAP and KI cell lines 
since inhibition of the expression of YAP can 
promote cell autophagy.
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