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Background: Yes-associated protein (YAP) in the Hippo signaling pathway is a growth control 
pathway that regulates cell proliferation and stem cell functions. Abnormal regulation of YAP was 
reported in human cancers including liver, lung, breast, skin, colon, and ovarian cancer. However, 
the function of YAP is not known in prostate adenocarcinoma. The purpose of this study was to 
investigate the role of YAP in tumorigenesis, differentiation, and prognosis of prostate adenocarci-
noma. Methods: The nuclear and cytoplasmic expression of YAP was examined in 188 cases of 
prostate adenocarcinoma using immunohistochemistry. YAP expression levels were evaluated in 
the nucleus and cytoplasm of the prostate adenocarcinoma and the adjacent normal prostate tis-
sue. The presence of immunopositive tumor cells was evaluated and interpreted in comparison 
with the patients’ clinicopathologic data. Results: YAP expression levels were not significantly dif-
ferent between normal epithelial cells and prostate adenocarcinoma. However, YAP expression 
level was significantly higher in carcinomas with a high Gleason grades (8–10) than in carcinomas 
with a low Gleason grades (6–7) (p < .01). There was no statistical correlation between YAP expres-
sion and stage, age, prostate-specific antigen level, and tumor volume. Biochemical recurrence 
(BCR)–free survival was significantly lower in patients with high YAP expressing cancers (p = .02). 
However high YAP expression was not an independent prognostic factor for BCR in the Cox pro-
portional hazards model. Conclusions: The results suggested that YAP is not associated with 
prostate adenocarcinoma development, but it may be associated with the differentiation of the 
adenocarcinoma. YAP was not associated with BCR.
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▒ ORIGINAL ARTICLE ▒

Prostate cancer (PC) remains a leading cause of cancer-related 
death in North-American men1 and is becoming an increasingly 
common cancer in South Korea.2 Pathological stage and Gleason 
grade are important predictors of prognosis in patients with pri-
mary prostate adenocarcinoma who undergo a radical prostatec-
tomy. The Gleason grading system is a well-established system 
for prostate adenocarcinoma that correlates with the differentia-
tion of the prostate gland, pathological stage, disease progres-
sion, and recurrence.3,4 However, prostate adenocarcinoma is a 
remarkably heterogeneous disease. Distinguishing tumors asso-
ciated with a poor outcome at the time of radical prostatectomy 
is problematic. The molecular mechanisms of prostate carcino-
genesis remain poorly understood.5

The Hippo pathway, a vital growth regulator of cell prolifera-
tion and apoptosis, was first identified by mosaic screens in Dro-
sophila melanogaster.6 Information about the Hippo pathway in 
Drosophila is likely applicable directly to mammalian systems, 
as it has been shown that mammalian homologues are capable 

of rescuing Drosophila mutants defective in the Hippo signaling 
pathway.7 Yes-associated protein (YAP) is a transcriptional coacti-
vator of the Hippo pathway and is a highly conserved component 
of this pathway in mammalian systems. In humans, amplification 
of the chromosomal region containing the YAP gene (11q22) has 
been reported in several tumor types.8 Recent genetic mouse 
models and studies with cancer patient demonstrated the criti-
cal roles of Hippo-YAP signaling in cancer development. For 
examples, immunohistochemistry studies have shown that an 
elevated expression/nuclear localization of YAP or transcrip-
tional coactivator with a PDZ-binding domain (TAZ) correlates 
with malignant features in lung cancer.9 In datasets of breast can-
cer patients, elevated expression of gene signatures for YAP/TAZ 
activity correlates with high histological grade, enrichment of 
stem cell signatures, metastasis proclivity, and poor outcome.10,11 
High expression of YAP activity has been found to be prognostic 
for bad outcome in four datasets of colorectal cancer patients and 
correlated with cetuximab resistance.12  Immunohistochemistry 
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studies on human hepatocellular carcinoma samples showed that 
elevated expression of YAP or TAZ correlates with poor tumor 
differentiation and is prognostic of bad outcome.13 By immuno-
histochemistry on human pancreatic tissue samples, YAP and 
TAZ were found to be almost absent from normal acini, but 
moderately expressed and nuclearly localized in PanINs and in 
a subset of primary pancreatic ductal adenocarcinoma, whereas 
strong nuclear staining of YAP was found in metastases derived 
from pancreatic adenocarcinoma.14 

Although the net effect of deregulated YAP and TAZ activities 
in many tissues is similar, their activities appear to be controlled 
by different regulatory mechanisms in different tissues.15 Previous 
studies demonstrated the biological significance of the Hippo-
YAP signaling pathway in prostate adenocarcinoma, but large-
scale studies have failed to identify YAP amplification and mu-
tations in castration resistant PCs.16 Zhang et al.3 showed that 
the Hippo effector YAP regulates cell motility, invasion, and cas-
tration-resistant growth of prostate adenocarcinoma in rats. Hu et 
al.17 showed that YAP expression in PC is inversely correlated 
with increase in Gleason score. However, the clinical signifi-
cance of YAP amplification in human prostate adenocarcinoma 
has largely remained unknown. This study investigates the role 
of YAP in the development, differentiation, and prognosis of 
prostate adenocarcinoma.

MATERIALS AND METHODS

Patients and tumor samples 

Prostate acinar adenocarcinoma specimens were obtained 
from 188 patients who had undergone radical prostatectomy at 
Chonnam National University Hwasun Hospital from 2005 to 
2012. The availability of adequate tissue material was the only 
inclusion criterion. Diagnostic criteria of prostate acinar adeno-
carcinoma were in agreement with the World Health Organiza-
tion classification. Clinicopathologic data were collected from 
the medical records. All patients were advised to have prostate-
specific antigen (PSA) follow-up every 3 months in the first year 
postoperation and at least biannually thereafter. Biochemical re-
currence (BCR) was defined as two consecutive PSA measure-
ments ≥ 0.2 ng/mL within an interval of more than 3 months. PSA 
progression-free survival time was defined as the time from radical 
prostatectomy to the first follow-up date showing PSA ≥ 0.2 ng/
mL or until the last follow-up. This study was approved by the 
Institutional Review Board of Chonnam National University 
Hwasun Hospital (CNUHH-2017-022).

Immunohistochemistry for YAP

One representative slide of the prostate adenocarcinoma was 
selected for immunohistochemical staining. Tumor samples ob-
tained during surgical treatment were fixed in formalin and em-
bedded in paraffin for histologic studies. The slides of the tumor 
surgical specimens were stained with hematoxylin and eosin and 
were reviewed and representative tissue blocks were selected. 
YAP (1A12) mouse monoclonal antibody (Cell Signaling Tech-
nology, Danvers, MA, USA) at a dilution of 1:200 was used for 
immunohistochemical analysis. Immunostaining was performed 
using the avidin-biotin complex method. Briefly, representative 
paraffin blocks were cut consecutively at 4-μm thickness, and 
immunohistochemical staining was carried out using a BOND-
MAX Automated IHC/ISH Stainer (Leica Biosystems, Wetzlar, 
Germany).

Sections were deparaffinized in xylene and treated with 0.3% 
hydrogen peroxide in methanol for 20 minutes to block any en-
dogenous peroxidase activity. Citrate buffer was used for antigen 
retrieval. Nonspecific binding was limited by using protein 
blocking buffer for 10 minutes. The sections were washed in 
phosphate-buffered saline and then incubated with the primary 
antibody for 20 minutes at room temperature. The samples were 
then incubated in secondary antibody (biotinylated) for 10 minutes, 
followed by incubation with streptavidin-horseradish peroxidase 
for 10 minutes, and exposed to diaminobenzidine, which was 
used as a chromogen. All labeled streptavidin-biotin-horseradish 
peroxidase system chemicals were obtained from Dako Cytomation 
Corp. (Carpinteria, CA, USA). Counterstaining was performed 
with Mayer’s hematoxylin. Negative controls were treated similar-
ly with the exception of incubation with the primary antibody 
(nonspecific staining control).

Assessment of protein expression

All immunostained slides were evaluated twice by two inde-
pendent investigators blinded to the clinical details. Five views 
of the highest expression site were examined per slide, and 100 
cells were observed per view at 400 × magnification. In each 
slide, adjacent noncancerous basal cells of the prostate acinar tissue 
were available as internal positive controls and scattered lympho-
cyte were used as internal negative controls. YAP expression was 
graded according to the distribution, intensity, and percentage 
of positive cells as described previously.8 Both the tumor cells 
and noncancerous acinar cells were graded (Fig. 1). For the cyto-
plasmic distribution, weak cytoplasmic reactivity was considered 
as low expression regardless of the extent. Strong cytoplasmic 
reactivity with less than 50% positive cells was graded as low 



http://jpatholtm.org/https://doi.org/10.4132/jptm.2017.05.04

YAP Correlated with Gleason Grade  •     367

expression; otherwise, it was graded as high expression if there 
were greater than 50% positive cells. For the nuclear distribution, 
samples with nuclear staining in less than 10% of cells were 
graded as low YAP expression, and samples with nuclear staining 
in more than 10% of cells were graded as high YAP high expression. 
YAP expression levels in prostate tissues were divided into high 
YAP expression and low/negative YAP expression. Two pathologists 
reviewed cases of inconclusive samples together and reached an 
agreement as to the YAP expression level.

Gene Expression Omnibus data

Microarray data of prostate adenocarcinoma deposited in the 
National Center for Biotechnology Information (NCBI) Gene 
Expression Omnibus (GEO) were analyzed. 

Statistical analysis

Statistical analyses were performed with the statistical com-
puting environment R (ver. 3.3.2, R Core Team) and the soft-
ware program IBM SPSS (ver. 21.0 for Windows, IBM Corp., 
Armonk, NY, USA). Correlation with tumor and adjacent non-
tumor tissue in prostate samples was assessed by the Spearman’s 
rank correlation coefficient test. Association between the Gleason 
grade and clinical factors on radical prostatectomy specimens 
with YAP expression was calculated using chi-square test. Sta-
tistically significant trends associated with an increasing Gleason 
grade and YAP expression were analyzed by Cochran Armitage 
trend test. Multivariate logistic regression analysis was used to 
develop a trend score for tumor differentiation based on patient 
characteristics (age, initial PSA tumor volume, YAP expression, 
and pathologic stage). Kaplan-Meier survival curves were used to 

Fig. 1. Scoring according to the expression of Yes-associated protein (YAP) in prostate adenocarcinoma. (A) In prostate adenocarcinoma, 
both nuclei and cytoplasm are strongly positive for YAP, scored as high. (B) Negative expression is noted for YAP in prostate adenocarcino-
ma cells, which is scored as negative. (C) Nuclear expression in prostate adenocarcinoma cells, the nuclear stain over one tenth is scored as 
high. (D) YAP expression in normal prostate glands. Basal cells are strongly positive which were used as a positive control. Luminal cells did 
not show YAP expression. Stromal cells reveal mild expression of YAP.
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assess the prognostic significance of YAP in predicting BCR. A 
multivariate analysis was performed using the Cox regression 
model to study the effects of different variables on BCR. All p-
values were based on two-tailed statistical analyses and p < .05 
was considered to be statistically significant. In GEO data, the 
Mann-Whitney and paired Wilcoxon tests were utilized when 
parameters were not normally distributed, while independent-
samples and paired-sample t tests were used when parameters 
were normally distributed. The Kolmogorov-Smirnov test was 
employed to demonstrate deviation from the normal distribution. 

RESULTS

YAP expression in 188 cases of prostate adenocarcinoma and 
their paired adjacent nontumor tissues was investigated by im-
munohistochemistry. In the cytoplasm of normal prostate luminal 
cells, 45 cases (23.9%) were completely negative, 125 cases (66.5%) 
showed low expression in cytoplasm, and 18 cases (9.6%) showed 

high expression. In the nucleus, 140 cases (74.4%) were negative, 
33 cases (17.6%) showed low expression, and 15 cases (8.0%) 
showed high expression (Table 1, Fig. 2A–D). In the nucleus of 

Table 1. YAP expression in prostate adenocarcinoma and normal 
prostate tissue adjacent to the adenocarcinoma

Type
Prostate 

adenocarcinoma 

Normal prostate 
glands adjacent to 
adenocarcinoma 

Complete absence of reactivity   16/188 (8.5)   45/188 (23.9)
Nucleus
   Absent   44/188 (23.4)   95/188 (50.5)
   Low   84/188 (44.7)   33/188 (17.6)
   High 10/188 (5.3)   7/188 (3.7)
Cytoplasm
   Absent   9/188 (4.8) 0/188 (0)
   Low 124/188 (66.0)  125/188 (66.5)
   High   5/188 (2.7)  10/188 (5.3)
Nucleus and cytoplasm
   High   34/188 (18.1)   8/188 (4.3)

Values are presented as number (%).
YAP, Yes-associated protein.

Fig. 2. Expression of Yes-associated protein (YAP) in prostate adenocarcinoma and normal prostate glands. (A–D) Hematoxylin and eosin 
(H&E)–stained section of benign glands and immunohistochemical stain of YAP in normal prostate glands. Luminal cells of normal prostate 
gland show no expression to mild expression of YAP in the cytoplasm. All of the basal cells and stroma show positive YAP.
	 (Continued to the next page)

A

C

B

D



http://jpatholtm.org/https://doi.org/10.4132/jptm.2017.05.04

YAP Correlated with Gleason Grade  •     369

prostate adenocarcinoma, 60 cases (31.9%) were negative, 84 
cases (44.7%) showed low expression and 44 cases (23.4%) were 
high expression. In the cytoplasm, 25 cases (13.3%) were negative, 
124 cases (66.0%) showed low expression, and 39 cases (20.7%) 
showed high expression (Table 1, Fig. 2E–H). Basal cells and 
stroma were positive for YAP (Fig. 2).17

According to the YAP immunohistochemical scoring system 
used in this study, 49 cases of prostate adenocarcinoma tissues 
(26.1%) highly expressed YAP in both the nuclei and cytoplasm, 
whereas 139 cases of adenocarcinoma tissues (73.9%) were negative/
low positive for YAP expression (Table 2). In contrast, 163 cases 
(86.7%) revealed low/negative expression of YAP and only 25 
cases of these normal cells (13.3%) were highly positive for YAP 
expression (Table 2). The expression of YAP was not significantly 
different between tumor and adjacent normal tissues in the 

prostate adenocarcinoma samples (p > .05) (Table 2). 
YAP mRNA expression level in prostate adenocarcinoma avail-

able from GEO profiles was evaluated.18-24 Only one study found 
YAP expression to be higher in prostate adenocarcinoma than in 
normal tissue.19 In two other studies, YAP expression was lower 
in prostate adenocarcinoma than in normal tissue.20,23 There was 
no significant tendency of YAP RNA expression profiles between 
prostate adenocarcinoma and normal tissue (Table 3). 

Next, the relationship between YAP expression and the clini-
copathologic factors were analyzed. For well-to-moderately dif-
ferentiated adenocarcinoma (Gleason score of 6–7), 118 cases 
(81.9%) were completely negative or weakly stained (intensity 
score of “low”) for YAP (p < .01) (Table 4, Fig. 2E, F). In compari-
son, 23 cases of poorly differentiated adenocarcinoma (52.3%) 
(Gleason score of 8–10) exhibited strong staining for YAP (intensity 

Fig. 2. (Continued from the previous page) (E) H&E-stained section of well-to-moderately differentiated prostate adenocarcinoma (Gleason 
score, 4 + 3 = 7). There are poorly formed glands and a few well-formed glands. (F) Expression of YAP in well-to-moderately differentiated 
prostate adenocarcinoma (Gleason score, 4 + 3 = 7). Tumor cells show either no or mild expression in the cytoplasm. (G) H&E-stained section 
of poorly differentiated prostate adenocarcinoma (Gleason score, 5 + 5 = 10). (H) Tumor cells display strong positivity in both nuclei and cyto-
plasm. 
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score of “high”) (p < .01) (Table 4, Fig. 2G, H). However, no sig-
nificant difference in YAP expression level was observed according 
to the age of the patient, tumor volume, preoperative serum PSA, 
or tumor stage (Table 4). A multivariate logistic regression model 
showed YAP expression (odds ratio [OR], 9.41; 95% confidence 
interval [CI], 3.76 to 53.51), initial PSA (OR, 1.10; 95% CI, 
1.06 to 1.15), and pathologic stage (OR, 3.58; 95% CI, 1.40 to 
9.42) to be significantly correlated with tumor differentiation 
(Table 5).

The BCR-free survival was significantly lower in patients with 
high YAP expressing cancers than those with negative/low YAP 

expressing cancers (p = .02) (Fig. 3). In addition, univariate analysis 
showed that the Gleason grade (hazard ratio, 5.02; p < .01) and 
high YAP expression (hazard ratio, 1.919; p = .02) were associated 
with BCR. Furthermore, multivariate analysis using a Cox regres-
sion model demonstrated that the Gleason grade (p < .01) and T 
stage were independent prognostic factors for BCR. However 
YAP expression was not a significantly independent prognostic 
factor for BCR in the Cox proportional hazards model (Table 6). 

Table 2. Comparison of YAP expression between adenocarcinoma and normal prostate tissue adjacent to the adenocarcinoma

Type YAP negative/low expression YAP high expression p-value

Normal prostate glands  adjacent to adenocarcinoma 163/188 (86.7) 25/188 (13.3) > .05
Prostate adenocarcinoma 139/188 (73.9) 49/188 (26.1)

Values are presented as number (%).
YAP, Yes-associated protein.

Table 3. YAP mRNA expression in normal tissues and prostate adenocarcinoma from GEO profiles

Study Normal No. of cases Prostate cancer No. of cases p-value

Varambally et al.18 3,797.54 ± 2,444.70 18 3,017.58 ± 2,076.74 21 .29
Chandran et al.19 44.48 ± 21.65 71 56.90 ± 36.73 91 .01
Yu et al.20 1,280.71 ± 445.43 71 878.24 ± 414.46 91 < .01 

Satake et al.21 1,984.20 ± 1,985.80 3 1,254.13 ± 1,500.77 30 .42
Planche et al.22 8.43 ± 1.54 18 8.05 ± 1.75 18 .11
Arredouani et al.23 1,139.21 ± 806.37 24 754.87 ± 495.63 39 .02
Nanni et al.24 190.02 ± 98.42 8 189.80 ± 64.38 22 .98

Values are presented as mean±standard deviation.
YAP, Yes-associated protein; GEO, Gene Expression Omnibus.

Table 4. Clinicopathologic features of the patients

Characteristic No. of patients Low YAP expression High YAP expression p-value

Age (yr)  .74
   < 70 105 79 (75.2) 26 (24.8)
   ≥ 70 83 60 (72.3) 23 (27.7)
Initial PSA (ng/mL)  .44
   ≤ 4.0 7 5 (71.4) 2 (28.6)
   4.1–10.0 103 77 (74.8) 26 (25.2)
   10.1–20.0 44 29 (65.9) 15 (34.1)
   > 20 34 28 (82.4) 6 (17.6)
Tumor volume (g)   .22
   < 15 122 94 (77.0) 28 (23.0)
   ≥ 15 66 45 (68.2) 21 (31.8)
Tumor differentiation < .01a

   Moderate to well differentiation (Gleason score 6–7) 144 118 (81.9) 26 (18.1)
   Poor differentiation (Gleason score 8–10) 44 21 (47.7) 23 (52.3)
Pathologic stage  .69
   pT2 146 109 (74.7) 37 (25.3)
   pT3 42 30 (71.4) 12 (28.6)

Values are presented as number (%).
YAP, Yes-associated protein; PSA, prostate-specific antigen.
aCochran Armitage trend test, p < .01.
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DISCUSSION

YAP regulates cell proliferation, stem behavior and regenera-
tion.15 Promotion of cell stemness and proliferation are important 
factors for cancer development and regeneration.15 YAP can be 

used during the development of cancer and other phenotypes 
during reprogramming of mature and differentiated cells.15

As noted above, the expression of YAP via immunohisto-
chemical staining showed no statistically significant difference 
between prostate adenocarcinoma and adjacent normal tissues. 
Similarly, in GEO data profiles, YAP mRNA was not statistically 
higher in prostate adenocarcinoma than in normal tissue. This 
suggested that YAP expression is not associated with tumori-
genesis of prostate adenocarcinoma. YAP and/or TAZ knock-
down in human colorectal cancer cell lines suppresses their 
growth and ability to trigger tumor formation after injection in 
mice.25 On the other hand, YAP has been reported to be func-
tionally implicated to tumorigenesis in other human cancers. 
Liver-specific YAP overexpression in transgenic mice leads to 
hepatomegaly and development of human hepatocellular carci-
noma.26 Similar results were obtained by delivering a phospho-
mutant form of YAP in the mouse liver using transposon-me-
diated hydrodynamic transfection.27 YAP or TAZ knockdown 
strongly reduces subcutaneous tumor growth of human and 
mouse hepatocellular carcinoma cell lines.28 Functionally, pancreas-
specific YAP knockout abrogates tumor progression from early 
pancreatic intraepithelial neoplasia lesions to pancreatic ductal 
adenocarcinoma in a mouse model of pancreatic cancer.29 

Poorly differentiated prostate adenocarcinoma cells stained 
more strongly for YAP than in moderately to well-to-moderately 
differentiated prostate adenocarcinoma. YAP immunoreactivity 
was inversely associated with the differentiation of prostate ade-
nocarcinoma. In addition, YAP expression was found to be a factor 
affecting tumor differentiation. This finding indicates that there 
is a meaningful inverse relationship between YAP expression 
and differentiation of prostate adenocarcinoma, which suggests 
that YAP may play a role in the differentiation of prostate ade-
nocarcinoma. 

Hu et al.17 showed that down-regulation of YAP expression 
in prostate adenocarcinoma correlates with an increase in Gleason 
score, and this study showed differences from the results. It can 
be explained for several factors. First, the expression of YAP 
showed intratumoral heterogeneity in prostate adenocarcinoma. 
In tumors with heterogeneous expression, many tissue cores are 

Table 5. Significant risk factors for tumor differentiation in patients 
with prostate adenocarcinoma determined by multivariate logistic 
regression model

Factor
Multivariate

Odds ratio (95% CI) p-value

Age 1.24 (0.54–2.89) .61
Initial PSA 1.10 (1.06–1.15) <.01
Tumor volume 1.08 (0.44–2.64) .87
YAP expression 9.41 (3.76–23.51) <.01
Pathologic stage 3.58 (1.40–9.42) <.01

CI, confidence interval; PSA, prostate specific antigen; YAP, Yes-associated 
protein.

Fig. 3. Kaplan-Meier estimates of biochemical recurrence. Graph 
of the curve for progression-free survival in prostate adenocarcino-
ma patients, according to Yes-associated protein (YAP) expression 
(p = .02). 

Table 6. Univariate and multivariate analyses for predictive factors in patients with prostate adenocarcinoma

Factor
Univariate Multivariate

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

Gleason grade group 5.02 (2.97–8.50) < .01 4.33 (0.56–1.87) < .01
T stage 2.56 (1.49–4.39) < .01 1.75 (2.39–7.85)  .05
High YAP expression 1.92 (1.11–3.32)  .02 1.03 (0.99–3.08)  .93

CI, confidence interval; YAP, Yes-associated protein.
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required to get comprehensive information. Hu et al.17 used tissue 
microarray (TMA) slides with two cores of intratumoral and 
peritumoral tissue per slide. In this study, we used we used a 
representative slide instead of TMA slide. Second, the interpre-
tation method of YAP expression was different. It was estimated 
according to the distribution and intensity of positive staining 
in this study according to Steinhardt et al.8 However Hu et al.17 
interpreted it as three categories, only cytoplasmic, only nuclear, 
both nuclear and cytoplasmic. Those factors might affect the dif-
ference of the results of this study and Hu et al.17

Enhanced YAP activity tends to promote stem cells and pro-
genitor cells, while inhibiting differentiation.30 Immunohisto-
chemical studies on human hepatocellular carcinoma samples 
showed that elevated expression of YAP or TAZ correlates with 
poor differentiation of cancer cells and poor outcomes.31 In datasets 
of patients with breast cancer, an elevated expression of gene signa-
tures for YAP/TAZ activity correlate with high histological grades, 
enrichment of stem cell signatures, tendency to metastasize, 
and poor outcomes.10,32 Prostate stem cell antigen expression iden-
tified through immunohistochemical staining and in situ hybrid-
ization is significantly increased in human PCs with a high Gleason 
score.33 Considering that YAP is generally associated with cancer 
stem cells, we can further compare the expression of YAP and 
prostate stem cell antigens with differentiation stages of prostate 
adenocarcinoma. Once the relationship between PC stem cells 
and YAP and its mechanisms of action are revealed, it could be 
further explored as a new therapeutic target.

In this study, YAP immunoreactivity was not associated with 
the BCR of prostate adenocarcinoma. The univariate analysis 
was statistically significant, but not the multivariate analysis. 
This difference between the univariate and multivariate analyses 
might be attributed to the contribution of the Gleason score. 
Therefore, YAP immunoreactivity for prostate adenocarcinoma 
was not useful for predicting adverse outcomes. Expression of YAP 
in a variety of human cancers has been reported to be associated 
with a poor prognosis. High levels of YAP expression were 
found to be associated with poor outcomes in four datasets of 
colorectal cancer patients, and were positively correlated with ce-
tuximab resistance.34 YAP mRNA and protein levels have been 
shown to be upregulated in gastric adenocarcinoma, and YAP 
protein expression and nuclear localization were associated with 
poor patient outcomes.35 

There are several limitations to this study. First, this study in-
vestigated the relationship between YAP expression and clinico-
pathologic factors in prostate adenocarcinoma based on the mor-
phological expression of the cancer. No functional studies of YAP 

have been performed in relation to tumorigenesis of prostate ade-
nocarcinoma. In addition, this study did not show a direct func-
tional relationship between YAP expression and the differentiation 
pathway of prostate adenocarcinoma. The second limitation was that 
the tumor differentiation was interpreted in a two-tier system: well 
to moderate differentiation (Gleason score of 6–7) or poorly-dif-
ferentiation (Gleason score of 8–10). The reason for this was 
that the number of patients subclassified by their Gleason score 
was largely uneven. The number of patients with Gleason score 
of 6 was 39, of 7 was 105, of 8 was 26, of 9 was 17, and of 10 
was 1. If a larger cohort of patients was included in this study, 
the study might have had more specific results.

This study demonstrates that YAP is highly expressed in 
poorly differentiated prostate adenocarcinoma compared to well-
differentiated or moderately differentiated prostate adenocarcinoma. 
However, YAP expression was not associated with BCR in the Cox 
proportional hazards model.
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