
MOLECULAR MEDICINE REPORTS  16:  4934-4940,  20174934

Abstract. Previous studies have demonstrated that elevated 
yes-associated protein (YAP) expression is associated with 
tumor aggression and poor prognosis in various types of 
human cancer. However, the clinicopathological significance 
and the prognostic value of YAP in laryngeal squamous 
cell carcinoma (LSCC) is unknown. The aim of the present 
study was to identify the expression pattern and prognostic 
significance of YAP in patients with LSCC. YAP mRNA and 
protein expression levels were examined in fresh and archived 
LSCC samples using the reverse transcription-quantitative 
polymerase chain reaction, immunohistochemistry (IHC) and 
western blotting. The association between YAP expression 
levels with the malignant status and prognosis of patients with 
LSCC was analyzed. Upregulated protein and mRNA expres-
sion levels of YAP were detected in LSCC tissues compared 
with paired healthy surgical margin tissues. Positive expres-
sion of YAP was identified in 84/121 (69.4%) LSCC tissues 
and in 4/30 (13.3%) healthy surgical margin tissues by IHC. 
Positive YAP protein expression was significantly associated 
with clinical stage, TNM classification, lymph node metas-
tasis and differentiated degree. Patients with positive YAP 
expression exhibited a significantly decreased overall survival 
time compared with patients with negative YAP expression 
(P=0.0002). Multivariate analysis indicated that the level of 
YAP expression was an independent prognostic factor for poor 
survival in patients with LSCC (P=0.012). In conclusion, the 

expression level of YAP was significantly increased in LSCC 
and associated with the malignant status of LSCC. Therefore, 
YAP may represent a novel biomarker for predicting the prog-
nosis of patients with LSCC.

Introduction

Laryngeal squamous cell carcinoma (LSCC), accounting for 
95% of laryngeal cancers, has the second highest incidence 
of all head and neck squamous cell carcinomas (1). The 
morbidity of LSCC is increasing annually (1). LSCC occur-
rence and development is a multi-factor, multi-stage process, 
and environmental and genetic factors serve vital roles in its 
etiology. However, the underlying molecular mechanisms of 
LSCC remain largely unknown. Although the diagnosis and 
treatment of LSCC have improved, the overall survival (OS) 
time of patients with LSCC has not significantly improved 
over previous decades (2,3). For physicians, predicting patient 
with LSCC outcome and making therapeutic decisions based 
only on the Tumor Node Metastasis (TNM) Classification of 
Malignant Tumors is a limited (4). Therefore, it is urgent to 
develop clinically useful markers to facilitate the diagnosis 
and prognosis of LSCC, which will contribute to increased 
survival rates.

Yes-associated protein (YAP) is the mammalian ortholog 
of Drosophila Yorkie and the nuclear effector downstream 
target of the Hippo signaling pathway (5). YAP activity 
is regulated by phosphorylating the conserved serine 127 
residue and subcellular localization via the Hippo signaling 
pathway (6). As a transcriptional co-activator, YAP interacts 
with TEA domain family member and other transcription 
factors to regulate the expression of target genes involved in 
the regulation of cell growth, proliferation, and apoptosis (7).

YAP has been demonstrated to be a candidate oncogene in 
the human chromosome 11q22 amplicon (8), and hyperactiva-
tion of YAP is widespread in cancers (9). YAP is overexpressed 
in human lung, ovarian, gastric, pancreatic, bladder, colorectal, 
prostate carcinomas and brain malignancies (9-12), and 
has been identified to be an independent prognostic marker 
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for hepatocellular (13), gastric (14), bladder (15), lung (16), 
bile duct (17), ovarian (18), and esophageal (19) carcinomas. 
It was reported that YAP is strongly expressed at the tumor 
invasive front and in metastatic head and neck squamous cell 
carcinoma, and is associated with lymph node metastasis 
(LNM) (20). However, the YAP expression pattern and its 
clinical and prognostic significance in LSCC remains to be 
completely elucidated. The purpose of the present study was to 
evaluate the expression and potential prognostic significance 
of YAP in patients with LSCC.

Materials and methods

Patients. Fresh LSCC tumor and paired adjacent healthy 
surgical margin tissue samples (n=30/group) were collected 
from the First Affiliated Hospital of Bengbu Medical College 
(Bengbu, China), between July 2013 and September 2015. 
All samples were immediately preserved in liquid nitrogen. 
Archived paraffin‑embedded tissues were collected, including 
91 cases of LSCC from the Pathology Department of the 
Affiliated Union Hospital of Fujian Medical University 
(Fujian, China) between July 2008 and September 2010. None 
of the cases had undergone chemotherapy or radiotherapy. 
The medical records of these patients were reviewed to assess 
patient characteristics, including age, sex, smoking, alcohol, 
tumor location, clinical stage, TNM classification, LNM, 
differentiated degree and final status on the last follow‑up 
examination. The cases aged from 39 to 80 years (mean age 
60.2 years) and the clinical and pathological information of all 
samples is presented in Table I.

In the patients with LSCC, smoking habits were defined 
as non-smokers (<100 cigarettes in their lifetime) or smokers. 
Alcohol consumption was defined as non‑drinker or drinker 
(more than 200 ml/day). The mean observation time for overall 
survival was 60 months for patients still alive at the time of 
analysis, and ranged from 1‑60 months. A total of 38 patients 
(41.76%) succumbed to disease during follow‑up. Informed 
consent was obtained from each patient prior to surgery 
and the study was approved by the Institute Research Ethics 
Committee of Tongji Medical College, Huazhong University 
of Science and Technology, Hubei, China.

Immunohistochemistry (IHC) and scoring. IHC was 
performed according to previously described protocols (21). 
Each paraffin-embedded tissue sample was sectioned into 
4-µm thick continuous slices. Paraffin-embedded sections 
were deparaffinized in xylene, rehydrated in a descending 
ethanol series and double distilled water. High pressure 
antigenic retrieval was performed in citrate buffer (pH 6.0) 
and the samples were boiled for 2 min. Following antigen 
retrieval, sections were treated with 3% hydrogen peroxide and  
1% bovine serum albumin (Wuhan Boster Biological 
Technology, Ltd., Wuhan, China) to block endogenous 
peroxidase activity and non‑specific binding. The sections 
were incubated with a mouse monoclonal anti-YAP antibody 
(catalog no. AT4556a; Abgent, Inc., San Diego, CA, USA; 
dilution 1:500) overnight at 4˚C. Subsequently, sections were 
washed three times with 0.1 mM PBS and incubated with a 
horseradish peroxidase conjugated secondary antibody (cat. 
no. BA1025; 1:200; Boster Biotechnology, Inc., Wuhan, China) 

for 60 min at room temperature. Sections were stained with 
3,3-diaminobenzidine for 2-5 min, rinsed with 0.1 mM PBS, 
and counterstained with hematoxylin. Sections were viewed 
under a light microscope.

The final score of each sample was scored independently 
by two pathologists and assessed by adding the scores for the 
intensity and extent of staining. YAP expression was graded 
according to the distribution, intensity, and percentage of 
positive cells as described previously (9,15). Absence of 
reactivity was graded as negative. With regard to cytoplasmic 
distribution, weak cytoplasmic reactivity was considered as 
low expression regardless of extent. Strong cytoplasmic reac-
tivity with <50% positive cells was graded as low expression. 
Otherwise it was graded as high expression. With regard to 
nuclear distribution, nuclear expression in <10% cells was 
graded as low and >10% cells was graded as high. Samples 

Table I. Correlations between YAP expression with clinical 
pathological characteristics in 121 LSCC cases.

 YAP
 ----------------------------------------------------
Factors Cases Positive; N (%) P‑value

Age (years)
  ≥60   68 49 (72.0) 0.476
  <60   53 35 (66.0)
Sex
  Male 117 81 (69.2) 0.575
  Female     4 3 (75)
Location
  Non‑glottic   48 34 (70.8)
  Glottic   73 50 (68.5) 0.785
Smoking
  Yes   84 60 (71.4) 0.470
  No   37 24 (63.9)
Alcohol
  Yes   42 29 (71.9) 0.948
  No   79 55 (61.7)
Clinical stage
  I‑II   67 39 (58.2) 0.003
  III‑IV   54 45 (83.3)a

TNM 
  T1-T2   66 36 (54.5) <0.001
  T3‑T4   55 48 (87.3)a

LNM
  Absent   86 52 (60.5) 0.001
  Present   35 32 (91.4)a

Differentiation
  High   76 46 (59.0) 0.001
  Moderate/low   45 38 (88.4)a

aP<0.05. LNM, lymph node metastasis; TNM, TNM Classification 
of Malignant Tumors; YAP, yes-associated protein; LSCC, laryngeal 
squamous cell carcinoma.
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with low or high YAP staining were classified as YAP positive 
expression.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA from fresh 
samples was extracted using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) according 
to the manufacturer's protocol, and cDNA was synthesized 
using ReverTra Ace® (Toyobo Co., Ltd., Osaka, Japan). qPCR 
was performed using SYBR® Green reagent (Toyobo Co., Ltd.) 
on a LightCycler® 480 II system (Roche Diagnostics, Basel, 
Switzerland). Primers specific for YAP were purchased from 
Sangon Biotech Co., Ltd. (Shanghai, China). The sequences 
of primers used were as follows: Forward, 5'-ACC CAG AAG 
ACT GTG GAT GG-3' and reverse, 5'-TTC TAG ACG GCA GGT 
CAG GT-3' for GAPDH; forward, 5'-CTT CCT TGT CCA TTG 
CTG CT-3' and reverse, 5'-ATC CAA ACA GGC TCA CTT CC-3' 
for YAP. The following amplification steps were used: Initial 
denaturation for 30 sec at 95˚C, 40 cycles of denaturation for 
5 sec at 95˚C, annealing for 10 sec at 60˚C, and extension for 
15 sec at 72˚C. Each sample was run in triplicate, and mean 
values were calculated. The relative gene expression was 
calculated using the 2-∆∆Cq method (22).

Western blotting. Tissue (100 mg) was ground into powder 
in liquid nitrogen. Frozen tissues were lysed in lysis buffer 
(cat. no. P0013C; Beyotime Institute of Biotechnology, 
Jiangsu, China), and protein concentrations were measured 
using a Bicinchoninic Acid Protein Assay kit (cat. no. P0009; 
Beyotime Institute of Biotechnology) and preserved at ‑20˚C. 
Proteins (20 µg) were separated by 10% SDS‑PAGE at 20 V 
for 60 min and subsequently transferred onto nitrocellulose 
filter membranes. The membranes were incubated with 
the anti-YAP primary antibody (cat. no. AT4556a; 1:1,000; 
Abgent, Inc., San Diego, CA, USA) overnight at 4˚C and were 
subsequently incubated with Goat anti-Mouse IgG (H+L) 
Cross-Adsorbed Secondary Antibody, Horseradish Peroxidase 
conjugate (cat. no. A16072; 1:3,000; Thermo Fisher Scientific, 
Inc.) for 1 h at 37˚C. Bands were visualized using an Enhanced 
Chemiluminescence detection system (ChemiDoc MP; 
Bio-Rad Laboratories, Inc., Hercules, CA, USA) and Image 
Lab software (version 4.0; Bio-Rad Laboratories, Inc.). All 
tests were repeated at least three times (21).

Statistical analysis. Data are presented as the mean ± stan-
dard deviation and were statistically analysed using SPSS 
software version 19.0 (SPSS, Inc., Chicago, IL, USA). The 
Student's t-test was applied to assess differential mRNA 
expressions of YAP in LSCC tissues compared with 
paired healthy surgical margin tissues. The χ2 test was 
used to analyze the correlation between YAP expression 
and the clinicopathological parameters of LSCC patients.  
For analysis of overall survival, Kaplan-Meier survival 
curves were constructed for groups based on univariate 
predictors, and differences between groups were tested 
with the log-rank test. Univariate and multivariate  
survival analyses were performed using the likelihood 
ratio test of the stratified Cox proportional hazards model.  
P<0.05 was considered to indicate a statistically significant 
difference.

Results

YAP overexpression in LSCC tissues. RT-qPCR was 
performed in 30 pairs of fresh cancer and paired healthy 
surgical margin tissues from patients with LSCC to measure 
the expression of YAP mRNA. YAP mRNA expression 
levels were significantly elevated with a mean increase in 
LSCC tissues by 2.83‑fold in comparison to paired healthy 
surgical margin tissues (P<0.001; Fig. 1). Western blotting 
was performed to measure protein expression levels of YAP, 
and elevated expression of YAP was detected in 27/30 tumor 
tissues compared with healthy tissues (Fig. 2).

IHC analysis revealed that YAP was present in 84/121 
(69.4%) of LSCC tissues and in 4/30 (13.3%) of healthy tissues 
(Table II). Furthermore, YAP subcellular localization was 
primarily accumulated in the nucleus with a reduced cyto-
plasmic presence in the majority of LSCC cases (Fig. 3A-H). 
By contrast, YAP staining was rarely observed in the nuclei of 
healthy tissues (Fig. 3I-J).

Association between clinicopathological characteristics 
and expression of YAP in patients with LSCC. The asso-
ciation between clinicopathological characteristics and YAP 

Table II. Immunohistochemistry of YAP protein expression 
levels.

 YAP
 ------------------------------------------------
Tissue  Positive Negative
type Cases  (%)  (%) P‑value

LSCC 121 84 (69.4) 37 (30.6) <0.001
Healthy    30   4 (13.3) 26 (77.7)

YAP, yes-associated protein; LSCC, laryngeal squamous cell 
carcinoma.

Figure 1. YAP mRNA expression levels. YAP mRNA levels were signifi-
cantly increased in LSCC tissues compared with adjacent healthy surgical 
margin tissues, as assessed by reverse transcription-quantitative poly-
merase chain reaction. Data are presented as the mean ± standard deviation 
(n=30/group). P<0.001. YAP, yes‑associated protein; LSCC, laryngeal 
squamous cell carcinoma; T, tumor tissue; H, paired adjacent healthy 
surgical margin tissue.
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expression levels in 121 patients with LSCC are summarized 
in Table I. YAP was positively associated with clinical stage 
(I-II vs. III-IV, P<0.001), TNM stage (T1-T2 vs. T3-T4, 
P=0.003), LNM (absent vs. present, P=0.001), and differ-
entiated degree (high vs. low or middle, P=0.001) in LSCC. 
However, no significant differences were observed between 
LSCC patients with different ages, genders, smoking and 
alcohol habits, and tumor locations (P>0.05; Table I).

Prognosis and multivariate analysis. In 91 LSCC cases with 
prognosis information, patients with positive YAP protein 
expression exhibited decreased survival rates compared with 
those with negative YAP expression (5-year survival rate, 
82.86% vs. 42.54%, respectively; P<0.001; Fig. 4). Clinical 
stage, TNM classification, LNM, differentiated degree and 
YAP protein expression were significantly associated with OS 
following univariate analysis (P<0.05; Table III).

Selection of covariates for inclusion in the multivariate 
models was based on a univariate value of P<0.05 for each 
respective association. Clinical stage, TNM classification, 
LNM, differentiated degree and YAP expression were deter-
mined to be independent prognostic factors for OS in LSCC 
patients by multivariate analyses using the Cox proportional 
hazards model. The level of positive expression of YAP was 
identified to be an independent prognostic factor for LSCC 
(P=0.012; Table III).

Table III. Univariate and multivariate Cox regression analyses of overall survival duration.

 Univariate analysis Multivariate analysis
 -------------------------------------------------------------------------------- -------------------------------------------------------------------------
Parameter P‑value HR 95% CI P‑value HR 95% CI

Sex
  female vs. male 0.137 0.3571 0.01727-1.725
Age 
  <60 vs. ≥60 years 0.7107 1.129 0.5932‑2.154
Smoking 
  No vs. yes 0.7517 0.8983 0.4496‑1.776
Alcohol
  No vs. yes 0.1843 0.6249 0.2638‑1.287
Localization
  Glottic vs. non‑glottic 0.9347 0.8935 0.4448‑1.795
Differentiated degree 
  High vs. low or moderate <0.0001 0.371 0.2093‑0.4899 <0.0001 1.983 0.060‑0.316
Clinical stage 
  I‑II vs. III‑IV <0.0001 0.3202 0.1994‑0.5142 0.002 1.588 0.266‑0.694
TNM classification 
  T1-T2 vs. T3-T4 0.0035 0.4372 0.2019-0.7976 0.031 0.745 1.330-3.336
LNM
  Absent vs. present <0.0001 0.2381 0.0558‑0.2943 0.028 1.028 0.559‑3.159
YAP 
  Negative vs. positive 0.0002 0.2212 0.1503‑0.5470 0.012 0.850 0.216‑0.831

HR, hazard ratio; CI, confidence interval; LNM, lymph node metastasis; TNM, TNM Classification of Malignant Tumors; YAP, yes‑associated 
protein.

Figure 2. Protein expression levels of YAP in LSCC tissues. (A) Representative 
western blot images and (B) quantification of protein expression levels in 
LSCC tissues compared with adjacent healthy tissues. GADPH served 
as an internal control. T, tumor tissue; H, paired adjacent healthy surgical 
margin tissue; YAP, yes-associated protein; LSCC, laryngeal squamous cell 
carcinoma.
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Discussion

TNM staging and histopathological grading systems 
are well-established and useful prognostic indicators for 
LSCC (23). However, patients with identical clinical stage 
and/or pathological grade of laryngeal cancer frequently 
exhibit considerable variability in disease recurrence and 
survival (24). Currently, molecular biomarkers in conjunc-
tion with standard TNM and/or histopathological grading are 
considered to be a more effective strategy of prognosis.

YAP, as an oncogene, is a negatively regulated downstream 
target and major downstream effector of the Hippo signaling 
pathway (25). The Hippo signaling pathway is a conserved 
regulator of organ size, and controls multiple cellular functions 
that are central to tumorigenesis, including proliferation and 
apoptosis (12). The Hippo signaling pathway restricts tissue 
growth by inactivating the oncogenic activity of YAP/tafazzin 
(TAZ) in the nucleus and by enhancing its growth-suppressive 
activity in the cytoplasm (26). Dysregulation of the Hippo 
signaling pathway occurs in a broad range of human carci-
nomas, including lung (16), colorectal (27), breast (28), 
ovarian (29), esophageal squamous cell (19), gastric (14) and 
liver cancer (30). When Hippo signaling is absent or suppressed, 
unphosphorylated YAP and TAZ enter the nucleus, and induce 
transcription of genes involved in cell anti-apoptosis, survival 
and migration (7,31). It has been reported that overexpression 
of YAP may trigger transition of healthy epithelial cells into 
metastatic cells via epithelial-mesenchymal transition and may 
confer stem cell characteristics (11,32,33).

A previous study demonstrated that YAP was associated 
with response to radiation-based treatments, and was predic-
tive of poor recurrence‑free survival in 86 patients with 
squamous cell carcinoma of the head and neck, including five 
LSCC cases (34). The present study revealed that compared 
with healthy surgical margins tissues, mRNA and protein 
expression levels of YAP were increased in 30 LSCC samples, 
as assessed by RT-qPCR and western blotting analysis, respec-
tively. Positive expression of YAP was identified in 84/121 
(69.4%) of LSCC cases, and only 4/30 (13.3%) of healthy 
tissues by IHC, and its subcellular localization was primarily 
accumulated in the nucleus with a reduced cytoplasmic pres-
ence in the majority of LSCC cases.

Figure 3. Immunohistochemical staining for YAP in primary human LSCC tissues. Representative images of LSCC tissues, demonstrating high YAP expres-
sion with both cytoplasm and nucleus present at magnification (A) x100 and (B) x400, high YAP expression primarily in the nucleus at magnification (C) x100 
and (D) x400, low YAP expression with both cytoplasm and nucleus of tumor cells at magnification (E) x100 and (F) x400, and low expression of YAP protein 
mainly in the nucleus at magnification (G) x100 and (H) x400. Representative images of healthy surgical margin tissues, demonstrating (I) negative YAP 
expression and (J) low YAP expression. Negative control tissues were incubated with 1% bovine serum albumin instead of a primary antibody (K) magnifica-
tion, x100 and (L) magnification, x400. YAP, yes‑associated protein; LSCC, laryngeal squamous cell carcinoma.

Figure 4. Positive YAP protein expression predicts an unfavorable prognosis. 
The Kaplan-Meier method was used to determine the survival of 91 cases 
of laryngeal squamous cell carcinoma, and the log-rank test was used to 
compare five years' survival between the YAP negative and positive groups. 
P<0.001. YAP, yes-associated protein.
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To further identify clinicopathological characteristics and 
YAP expression levels in LSCC, 121 LSCC samples were exam-
ined by IHC. The results indicated that YAP protein expression 
levels were positively associated with clinical stage, TNM stage, 
LNM and differentiated degree, suggesting that YAP expression 
was directly associated with an aggressive phenotype. Therefore, 
YAP may serve a key role in the development and progression 
of LSCC. To identify a novel cancer biomarker in addition to 
standard TNM and histopathological grading to potentially 
assist post-surgery follow-up, YAP protein expression levels 
in 91 LSCC samples were examined with follow-up data. The 
expression of YAP was significantly associated with OS time. 
Patients with LSCC with positive YAP expression were more 
likely to have significantly poorer OS by univariate analysis and 
multivariate analysis. Therefore, elevated expression of YAP in 
LSCC may contribute to a poor prognostic phenotype. These 
findings suggested that YAP in conjunction with standard TNM 
and histopathological grading may be a more effective strategy 
to predict the prognosis of LSCC patients.

Similarly, overexpression of the YAP oncogene is a 
frequent occurrence in numerous common human cancers 
and is associated with poorer survival (35). Pei et al (17) 
demonstrated that high levels of nuclear YAP were associated 
with histological differentiation, TNM stage, metastasis and 
poor prognosis in human cholangiocarcinoma. Liu et al (15) 
revealed that positive expression of YAP was associated with 
tumor differentiation, higher primary tumor and/or regional 
lymph node stages in urothelial carcinoma, and that YAP was 
a strong and independent predictor of short overall survival in 
urothelial carcinoma patients. In non-small-cell lung cancer, 
Wang et al (16) reported that YAP expression was predictive 
of poor patient survival and was an independent prognostic 
indicator via multivariate analysis. Xia et al (18) addition-
ally reported that YAP is significantly upregulated in human 
ovarian cancer tissues and is associated with patient prognosis.

In conclusion, the present study demonstrated that the 
expression level of YAP was significantly increased in LSCC 
and was associated with the malignant status of LSCC. 
Therefore, YAP may represent a potential novel prognostic 
factor for OS in LSCC. However, due to the limited patient 
sample size in the present study, further studies are required.
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